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Executive Summary
 

A STUDY OF ENERGY USE IN INDIA'S
 

MANUFACTURING INDUSTRIES
 

Introduction
 

Energy, along with capital and labor, is a key input into most
 

production processes. Recent studies carried out in industrial nations
 

indicate that substantial substitution possibilities exist between factor
 

inputs and among energy sources, but little work has been directed towards
 

the industrial sectors of less developed countries. The possibilities for
 

substituting labor or capital for energy have important implications for
 

government policy. In particular, the energy prices established by the
 

government of India will affect the relative demand for 
coal, petroleum,
 

and electricity, etc., and for other factor inputs. A clear picture of the
 

relationships between factor inputs may aid policy makers in developing
 

investment and employment strategies as well as energy pricing policy.
 

The main objective of this study is to examine the underlying
 

relationship among capital, labor and energy in the industrial sector.
 

Possibilities for substitution between energy and the other factor inputs
 

are tested on an industry by industry basis using correlation coefficients
 

and other statistical methods. The study analyzes the pattern of energy
 

use in India's manufacturing sector, and examines the possibilities for
 

interfuel substitution and the impact of energy prices on the demand for
 

different fuels. Understanding the relationships between both factor
 

inputs and energy types may help to suggest opportunities for conservation
 

of energy and other factors in the manufacturing sector.
 

Approach
 

The data collected for this study cover sixteen major industry groups
 

in India for four years--1963, 1966, 1969, and 1971 (3ee table 1). Most
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Table 1. Major Industry Groups Selected for Study
 

1. Sugar and gur
 
2. Tobacco manufacturing
 
3. Spinning and weaving of textiles
 
4. Other textiles
 
5, Paper and paperboards
 
6. Rubber products
 
7. Basic chemicals
 
8. Petroleum refining
 
9. Miscellaneous products of coal and petroleum
 

10. Cement
 
11. Iron and steel
 
12. Nonferrous metal
 
13. Shipbuilding and repairs
 
14. Railroad equipment
 
15. Motor vehicle manufacture and repair
 
16. Aircraft manufacture
 

major industry groups in India have been covered, except for machinery and
 

metal products, which were excluded due to lack of data. The data include
 

factor inputs consumed in production, value added in manufacture, output
 

levels, and consumption and expenditure of different fuels. Factor inputs
 

here include capital (fixed, productive and invested), labor, energy (by
 

fuel) and raw materials, and are derived from the Annual Survey of
 

Industries conducted by the Central Statistical Organization of the
 

Government of .'ndia.
 

The study is divided into two parts. In the first, factor input
 

intensities and other parameters of production are calculated for each of
 

these industry groups. in the second, cost share equations for the factor
 

inputs and for each fiel are estimated in order to derive elasticites of
 

substitution and price elasticities for seventeen four-digit industries
 

selected from the three-digit industry groups mentioned above. Both of the
 

steps are discussed in detail below.
 

The first part of the study assesses the interrelationships between 

factor inputs based on factor input intensities and the degree of 

association between these parameters. Factor input intensities. calculated 

as the value or amount of the factor input -consumed divided by the value 

added in manufacture, are computed for capital, labor, energy (quantity), 
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energy cost, and materials cost. In addition, capital to labor ratios and
 

a composite index of energy (based on relative weights of energy use and
 

price) are calculated for each industry group. These parameters reflect
 

the technology choices underlying the structure of production 
in India's
 

manufacturing industries.
 

The sixteen major industry groups are then ranked based on each of
 

these factor intensities. If the ranking of a particular industry group or
 

several groups are similar 
for two or more factor intensities, then the
 

rankings will be oositively correlz ed. Statistical tests are used to
 

measure the degree of association between the different parameters and the
 

industry rankings. For example, a significant positive correlation between
 

capital intensity and the capital to labor ratio confirms the expected
 

close relationship between the two in many industries.
 

The structure of energy use in India's manufacturing industries is
 

examined by calculating the energy cost intensity by fuel for each of the
 

industry groups. Energy cost intensity is computed for coal, coke, coal
 

gas, firewood, charcoal, 
petroleum products, fuel oil and electricity for
 

the years 1953, 1966, 1969, and 1971. Although coal, fetroleum and
 

electricity provide the majority of energy used 
in these indujtries, their
 

relative shares vary both between and within industry groups.
 

Tn the second part of the study, the effects of changes in relative 
energy prices cn energy consumption and the extent of substitution among 

the aggregate fa:tor inputs are analyzed for the seventeen four-digit
 

industries. A translog production function is used to estimate own- and
 

cross-price elasticities 
for the different fuels and elasticities of 

substitution between factor inputs. The model used draws on recent work 

both in industrial and developing nations. The model assumes that output
 

(Y) is a function of four inputs--capital (K), labor, (M), energy (E), and 

raw materials (M). The production function is characterized by constant 

returns to scale and is weakly separable among inputs, meaning that the 

marginal rates of substitution between individual fuels are independent of
 

the quantities of each input. The energy input to production is in turn a
 

function of the inputs of the five principal industrial fuels (coal, coke, 

petroleum products, ruel oil, and electricity). 
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A study of this kind contains a number of limitations. Data accuracy
 

is important, though data on the industrial sector in India are generally
 

extensive and accurate. The patterns of factor input consumption are
 

dependent on the technology choices available, though these choices may be
 

limited by availibility or other constraints. A developing country is also
 

unlikely to be on its production possibility frontier, that is, due to
 

infrastructure constraints and other limitations, the economy is not
 

operating in the most economically efficient way. Along with the
 

limitations of analysis in a developing country, the translog model
 

specified in this study must make certain simplifying assumptions. In
 

particular, the assumptions concerning aggregate production functions, the
 

availability of capital and other inputs, and technology choices may not be
 

entirely appropriate for the Indian economy.
 

Results
 

Factor input intensities and energy use patterns vary across
 

industries in India but a steady expansion and capital deepening of the
 

manufacturing sector is clearly observed over the time period studied.
 

Industry groups which are generally machine-dominated, such as basic
 

chemicals, petroleum refining, iron and steel, and cement are 
capital
 

intensive and tend to have a high capital to labor ratio. Those industry
 

groups high in capital intensity in 1963 also tended to be high in 1971.
 

In most i'1ustry groups, the capital intensity ratio (value of capital to
 

value added in manufacture) increased between 1963 and 1971. All three
 

types of capital examined--fixed, productive and invested--showed chis
 

increase. Government policy in India, documented in the National Plans of
 

this period, called for large investments in the manufacturing sector.
 

Both the creation of new industries and the expansion and modernization of 

existing ones generally added to the trend of increasing capitalization 

throughout the Indian economy. At the same time, for industry groupsmost 


studied, capital to labor ratios increased and I3bor intensity declined. 

Clearly, the indiin manufacturing sector shifted toward an increased use of 

caoital over thps .eriod, party at the .xo.nse of labor. Even in more 

labor-intensive industries such as cotton and other textiles and sugar 

production, capital intensity generally increased 
and labor intensity
 

declined.
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Along with a general trend of capital deepening, the structure of
 

energy use in India's manufacturing sector underwent changes between 1963
 

and 1971. In most industries, energy cost intensity (energy cost per unit
 

of value added) increased, but energy intensity (quantity of energy
 

consted per unit of value added) declined. Further, in many industries,
 

the 3hare 
of energy in the cost of energy and material inputs increased.
 

Despite this declining energy intensity, many of India's industries appear
 

energy intensive by international comparison. The energy intensity decline
 

could also have 
been brought about by an advance along the learning curve
 

in new industries.
 

Statistical tests (such as correlation coefficients) were made to
 

evaluate the degree of association between the parameters of production. A
 

substitution 
effect between capital and labor was evidenced by a weak
 

negative correlation between 
capital intensity and labor intensity, and a
 

significant positive correlation between capital 
 intensity and
 

capital/labor ratio in many industries. 
 in contrast, a positive
 

correlation between capital intensity 
and energy cost intensity suggests
 

that capital intensive industries also tend to be energy cost intensive.
 

This relationship may have important implications for government
 

policyma',ing 
for industrial expansion, given high energy costs. A weak
 

negative correlation was found between energy 
cost and labor intensities
 

for about half of the industries, suggesting that some substitution
 

possibilities may exist between these factors.
 

A number of other general trends in the factor relationships are worth
 

noting. Over the time cost
period studied, an increase in materials 


intensity occurred in most industries along with the increase in energy
 

cost intensity. Consumption of raw materials in production usually varies
 

directly with output level, suggesting that raw materials prices increased
 

between 1963 and 1971 and resulting in the increase in materials cost
 

intensity. Further, the degree of association between materials cost
 

intensity and capital intensity increased in many industries over the time
 

period. 
 A similar' ircreases occurred in the degree of association between 

capital intensity and energy cost -ntensity. 

'3eL ected results of our statistical analysis for five of the -3eventeen 
industries examined are .iven in tables 2 and 3. A positive elasticity of 

substitution indicates that two fuels are substitutes and a negative one 
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Table 2. Allen Partial Elasticities of Substitution for Key Industry Groups
 

Interfuel Substitution
 

e13 e1 4  e15  e3 5  Key
 

Sugar 0.1123 -0.0205 -0.0553 -0.2364 Coal -1
 

Cotton textiles 0.0200 0. 1039 -0.2454 -0.6369 Coke -2
 

Inorganic fertilizers -0.0158 -0.1434 0.2063 -0.7824 Petroleum
 
products -3
 

Cement 0.0035 -0.0070 0.0202 -0.0386 Fuel oil -4
 

Iron and steel -0.1164 2.1854 -1.3463 0.4241 Electricity-5
 

Interfactor Substitution
 

eKL eKE eLE eEM Key
 

Sugar 0.1205 -1.0242 -2.2679 0.4620
 
Cotton textiles 0.5090 -2.1050 5.0346 -0.3350 K = capital
 

Inorganic fertilizers 0.2237 0.1900 -0.3995 0.1463 L = labor
 

Cement 0.3434 -0.2012 0.0116 -0.0756 E = energy
 
Iron and steel -0.0920 -0.2068 0.0890 0.0537 M = materials
 

Note: The parameters estimated for each of the seventeen industries
 
for three time periods are available to the interested reader at Resources
 

for the Future.
 

indicates complementarity. Many of the elasticities of substitution are
 

low, suggesting that there are only weak possibilities for substitution or
 

complementarity. Coal and fuel oil show the highest potential for
 

substitutability (as represented by a high positive correlation) in the
 

iron and steel industry. The results indicate at least some potential for
 

substitution of coal for oil in several industries. Weak substitutability
 

is suggested between electricity and coal.
 

The model also examines possibilities for substitution between factor
 

inputs (see tables 2 and 3 for the Allen partial elasticities of
 

substitution and price elasticities). The positive elasticity between 

capital and labor indicates substitution effects in most of the industries 

studied, oonfirming the earlier result. The negative elasticity for 

japital and energy suggest that these two factors tend to be complements in 

most industries. Tnergy and labor, however, appear tt be equally likely 

substitutes and complements, as the elasticity 13 Sli.htly negative in 
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about half of the industries in this study. In the industries of the
 

textiles group, however, there is a fairly strong potential for 

substitution between labor and energy, evidenced by a high positive 

elasticity of substitution. Energy and labor show significant own-price 

elasticities, particularly in the sugar and cotton textiles, while the
 

own-price elasticities of capital and material. are fairly low.
 

It is clear from this study that the Indian economy experienced a
 

trend toward increasing capitalization during the time period studied.
 

Further, the production relationships examined here indicate a potential
 

for capital/labor substitution and capital/energy complementarity. The
 

increasing cost of energy in most industries, as evidenced by an increasing
 

energy cost intensity even before 1973, emphasizes the importance of
 

rational energy pricing policies in India. In addition, the impact on
 

energy consumption should be considered if government policies continue to
 

encourage large increases in capitalization. The close interaction between
 

energy and other factor inputs in production also suggests the importance
 

of factor costs and technology choices in determining the overall structure
 

of energy use in the industrial sector.
 



Table 3. Price Elasticities for Energy and Other Factors for Key Industry Groups 

1KK nKiL nKE nLL nLK nLE nEE n W4 3KM 

Sugar 0.2152 0.0121 -0.0163 -0.61011 0.0099 -0.0362 -0.0563 -0.0661 -0.2110 

Cotton 
textiles -0.1428 0.0891 -0.0906 -0.3323 0.0321 0.2169 -0.4567 0.0076 -0.1371 

T iorgan Le 
f'ertlIzers -0.0871 0.0271 0.0225 -0.0322 0.0227 -0.0473 -0.0671 -0.0336 0.0377 

Cement -0.0103 0.0355 -0.0551 -0.0350 0.0463 0.0032 0.0635 0.0154 0.0300 

Iron & steel -0.0100 -0.0077 -0.0186 -0.0072 -0.0133 0.0260 -0.0309 -0.0076 0.0163 

Note: 

Fut ure. 

The results for each of the industries for time periods are available at Resources for the 

X 

Key: 

K 

L 
E 
M 

= capital 

= labor 
= energy 
= materials 



Chapter 1 

INTRODUCTION
 

Need for the Study 

Prices of energy India, in other arein as many developing countries, 


administered 
 by the government and often deviate substantially from social 

costs as well as market-determined lerels. The subject of energy prices, 
therefore, is of great concern to policymakers, because prices not only 

determine revenues rates return invested forand of on capital the energy 
supply industry, but also have a major on the demaniimpact long-run for 

energy.
 

This impact on energy demand in the aggregate and particularly in the 
industrial sector has not been adequately investigated in the developing 

countries. Recent research in the industrial hasnations revealed impor
tant substitution effects between capital, labor, energy, and materials in 
the i.ndustrial sector, as well as between different forms of energy. 
Similar research for the less developed countries would be very 
useful and
 
would add to the growing evidence of the price elastic nature of demand for
 

energy in developing countries.
 

industrial energy demand has to be viewed both within a macroeconomic 

general equilibrium framework and in terms of technological choices of 

production. Whereas overallthe levels of production are dictated by 
various market and nonmarket forces, the actual use of different factors of 
production is subject to possibilities of substitution between them. In 

particular, the impact of energy prices on inter-factor substitution i.s an 

important element in the st<'ucture of industrial production. 

A study carried o . by Noel Uri (1979) for the Indi.a manufacturing 
sector focused main.y on -measuring the extent of energy substitution and 
indicated the effects of relative changes in energy prices on energy 
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consumption. Williams and Laumas (1980) have provided a sharper focus in
 

their study by examining the substitution possibilities among energy inputs
 

and other factors of production in response to price changes. Unfortun

ately, an in depth view was not presented on interfuel substitution
 

possibilities. Also, both the earlier studies failed to show the inter

relationships linking various factors of production and the manner in which
 

they have changed over time.
 

Most official analyses and academic research on the demand for energy 

in the industrial sector in India have relied on the hypothesis that demand 

for energy rises proportionately with industrial output. Wherever 

allowance has been made for changes in energy coefficients, the basis for 

estimation has g.nerally been related to explicit changes in technical 

processes. Little has been done to model or estimate price-induced changes 

in the employment of the aggregate factors of production, namely, capital, 

labor, energy, and raw materials, and specific fuels such as electricity, 

coal, uil, etc. 

The manufacturing sector in India accounts for about 40 percent of the 

total commercial energy consumption of the country. This share has remain

ed almost steady over the past three decades, going only from 37.3 percent 

in 1953-54 to 38.5 percent in 1978-79 (Planning Commission, Government of 

India, 1980). But shifts have occurred in the composition of the 

manufacturing sector's energy consumption in recent years. In 1978-79, 

electricity comprised 47.55 percent of the three major types of energy, 

while coal and oil comprised 44.53 percent and 7.93 percent, respectively. 

The shares in 1975-76 consisted of 42.53 percent, 50.05 percent, and 7.42 

percent for electricity, coal, and oil, respectively (Planning Commission, 

Government of India, 1980). 

There are clear indications of the gradual movement toward a highly
 

energy intensive structure of production in the manufacturing sector. The
 

Working Group on Energy Policy (Planning Commission, Government of India, 

1980) has shown that the intensity of energy use for 10 million rupees of
 

value added by manufacture at 1960-61 constant prices has gone up from 1.36
 

in 1960-61 to 2.11 1970-71 to Z.40 in 1975-76.
in and Taole 1-1 lists ten 

industries in which power and fuel expenses constitute 5 to 20 percent of 

the total value of production, and which have been identified as energy 

intensi.ve. Among them, aluminum, cement, paper and pulp, and industrial 

http:intensi.ve
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Table 1-I. Power and Fuel Consumption in Manufacturing Industries in India
 
(power and fuel as percentage of value of production)
 

1965- 1966- 1967- 1968- 1969- 1970- 1971-

Industry 1966 1967 1968 1969 1970 1971 1972
 

Cement 17.3 15.9 15.6 17.5 17.5 20.0 19.6
 

Aluminum 10.5 11.5 11.6 12.7 12.9 16.7 17.5
 

Paper and paper
 
product 9.2 9.5 9.8 9.9 9.4 10.2 9.9
 

Minerals 8.4 8.8 10.7 8.9 8.8 8.5 8.7
 

Pottery 7.0 7.7 7.8 8.1 8.3 8.0 7.6
 

Basic industrial
 
chemicals 5.6 5.4 5.4 5.6 5.3 .i.1 6.4
 

Engineering
 
workshops 6.4 6.6 7.3 7.2 7.6 6.7 6.2
 

Silk and rayon 

textiles 5.5 5.4 5.4 5.5 5.4 6.1 6.2
 

Coal mining 4.4 4.7 4.5 4.4 4.3 4.6 5.2
 

Cotton textiles 4.2 4.4 4.3 4.4 4.3 4.6 4.4
 

Source: Reserve Bank of India, Reserve Bank of India Bulletin:
 
Finance of the Public Limited Companies, January 1974 and September 1972
 
(Government of India), various years.
 

chemicals including fertilizers, figure prominently. In general, power and
 

fuel costs in proportion to the total value of production have increased 

fairly steadily over the years 1965 to 1972 in most industries. In the 

case of aluminum, however, the sudden and steep increases in power tariffs 

had a somewhat more pronounced effect, pushing up the cost of fuel 

consumption from 10.5 percent of total cost in 1965-66 to 17.5 percent of 

the total in 1971-72. 

Table 1-2 reviews trends in expenditures on energy and in value of 

production for different manufacturing units in the two years 1965-66 and 

1971-72. This Ls not comparable wita the earlier series (table 1-1) as 

data are derived from two different sources. But ',he ratio of relative 

growth of energy costs to the value of production Ln most .ases -. above 

unity, indicating that more energy is required per unit of output. 
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Table 1-2. 	 Energy Consumption in Relation to Value of Production in the 
Manufacturing Sector, 1965-66 to 1971-72 

Ratio of energy Ratio of value Ratio of energy 
value in 1971-2 of production in value used to 

Industrial to energy value 1971-2 to value ratio of 
classification used in of production in value of 

1965-66 1965-66 production 

Agriculture and
 
related activities 1.71 1.34 1.276
 

Mining and quarrying 1.50 	 1.46 1.027
 

Process manufacturing 1.81 	 1.63 1.110
 

Tobacco 	 2.00 
 1.34 1.492
 
Textiles 1.78 
 1.67 	 I.066
 

Processing 	 2.80 1.96 1.429
 

Iron and steel 1.74 1.06 1.641 
Aluminum 4.39 2.62 1.676 
Transport equipment 2.05 1.74 1.178 
Electrical machinery 3.31 2.20 1.504 
Machinery 2.58 2.44 1.057 
Foundry 5.71 5.92 0.964 
Ferrous metals 1.64 1.46 1.123 
Chemicals 3.43 2.53 1.356 
Cement 1.83 1.61 1.137 
Rubber products 2.26 1.82 1.242 

Source: Reserve Bank of India, Reserve Bank of India Bulletin:
 
Finance of the Public Limited Companies, January 1974 and September 1972
 
(Government 	 of India), various years; and Chitale M. Roy, Energy Crisis in 
India, (1975) p. 34.
 

One question that explicitly arises when we view this growing inten

sity of energy use is whether it represents optimal. choices in the 

deployment of resources for production. The answer to tnis question is 

complex, but if technological choices are not optimal, tnen improvements 

would depend largely on the degree of substitutability of capital, labor, 

and energy in the long run. Thus only in the long run wiould we arrive at 

an optimal choice of technology so that the country's endowment of 

resources is wel' .itilized. Hence, determining the long-run celationsbhip 

between capital, labor, energy, and materials 1n aggregate producti.on is 3n 

http:producti.on
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important objective. Before any sich attempt is made, it is crucial to 

determine the trends of the various factors of production in a dynamic 

framework for each of the industries and understand exactly the 'technology 

choices' confronting each industry. Technology is to be viewed in a 

broader perspective involving the economic relationships between various 

factor inputs of production. 

Development of the Study 

The Administrative Staff College of India (ASCI) has had a deep involvement 

in various issues of national concern, and has developed its expertise in 

issues of national importance. The efforts of the institution in the 

energy sector have been substantial. In keeping with this direction, the 

former director of the Consulting and Applied Research Division of ASCI, 

Dr. R. K. Pachauri, submitted a proposal for research on the subjec, of 

energy use in India's manufacturing industries to Resources for the Future. 

Discussions with staff at RFF lead to a revised proposal to t, lt the 

methodology outlined in the proposal by applying it to some specific 
industry groups, thus proceding with the study in two phases. 

The major objectives of this study can be outlined as follows: 

1. 	 To carry out an analysis of energy consumption by types of 
energy in the major industry groups of India's manufacturing 
sector. 

2. 	 To assess the extent of influence that relative energy 
prices exert on the demand for various sources of energy in 
the 	industry groups 2overed in the study.
 

3. 	 To study the possibilities of interfuel substitution in 
these industry groups and assess the scope of conseriation 
of specific qource3 of energy, particularly petroleum
 
products.
 

4. To assess the industry-by-industry possibilities for 
substitution of energy versus other major tnputzi such as 
labor and capital, particularly in the long run. 

The first phase consists of a study on energy and other resource use 

in manufacturing industries Inindia. The second and larger phase co-ers 

an 	 economic anaIysis of production relationship. for manufacturing 
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activities and suggests conservation measures based on technical choices
 

for production.
 

The study was undertaken after careful selection of a number of 

industry groups in India's manufacturing sector. During the first three 

months of the study, data requirements were identified relating to those 

relationships to be studied, various governmental agencies were approached 

(the Bureau of Economics and Statistics, the Central Statistical
 

Organization, the Director General of Technical Development) and publi-hed 

and unpublished sources of data checked. Concurrently, estimation of 

various relationships were also started by feeding properly compiled and 

tabulated data into computer programs developed for this study, As is 

normal, some time was spent in validating and debugging the programs. In 

some cases, the need for new data was revealed during the process of estim

ation when certain tentative results indicated that alternative methods and 

formulations would prove superior to what had bcr tried.
 

The first exercise was an in-depth study of energy and otner resource 

use for sixteen major industry groups in the manufacturing sector. It also
 

included an estimation of the interaction and relationships between various
 

factor inputs of production. An analysis based on these estimations 

indicated the need for disaggregated levels of data for various industries 

belonging to the industry groups studied earlier. Thus in the next stage,
 

d.saggregated aata were collected covering various indices of production 

for seventeen selected industries. The estimation of the translog
 

production functions carried out in this second phase was preceded by the 

compilation and computation of iata in the correct form and correct units. 

For instance, in dealing witn various economic data such as the rate of 

price of capital to price of materials input, we had to reduce data which 

are generally available in price terms using an appropriate index. Some of
 

thesn operations are described in chapter 3. The selection of the final 

relationships to be used in the model was made on the basis of economic 

theory and statistical significance. 

The econometric estimation of the transcendental logarithmic 

production function was carried out u.iing the recently Jeveloped approacn 

for sol'ing systems of equations developed by P. N. Alisra and Pineet Handa 

of the :ndia institute of Mlanagement. ASCI entirely jeveloped the computer 

program as it relates to tne translog f'incti.on ana relationships estimated 

http:f'incti.on
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and adopted in this study, using the Reyad-1030 computer at the college and
 

the PDP-11/70 computer available at the India Institute of Management. We
 

obtained elasticities for a large number of variables related to different
 

equations. As such, the results obtained and reported in this study 

provide policymakers with a fairly wide insight into the aspects of energy 

and resource pricing, and technology choice for production activities so as
 

to optimize use of the country's resources. The econometric analysis was 

based on the estimation of translog cost sharing equations following Fuss 

(1977) and Berndt and Wood (1975), with several notable alterations in 

estimation technique.
 

The correlation coefficients estimated clearly bring out the inter

relationships among various factor inputs of production. The techniques 

employed also lend support to the trend analysis of factor intensity 
indicators carried out for the period 1963 to 1972. In an attempt to 

classify the industries based on the intensiveness of factor inputs, the 

industry groups were ranked and the trend of these indicators over time 

have been analyzed. The interrelationships between factor intensity 

indicators have been evaluated graphically to show the directional movement 
of various industry groups. This helps identify industry subgroups which
 

may be using a scarce resource intensively and heading toward an 

undesirable range of production. Such identification of industry groups 
would help policymakers with regard to choice of technology (used in the 

broader sense of the term to include various factor inputs of production 

such as capital, labor, energy, and materials) that would optimize the 

country's use of resources. An effort in this direction has not been made 

to date, particularly in developing nations.
 

This study also focuses on estimating the degree of suostitution 

between fuel and nonfuel inputs in the production process in response to 

price changes on lines similar to 'hose of Williams and Laumas (1980). The 

uniqueness of tnis ;tudy lies in exploring the possibilities of substitu

tion between different fuels, a subject which nas not oeen explored in 

detail in India, or for that matter, in developing nations in general. 

This is a subject of ipecial *.nterest since the -esults of t-ne study can 
help 1r. suggesting conservation possiblilt i.es in tne manufacturing sector 
with respect to energy anj ot;her esource *.nputq y deerminng 

substi~ution possinilitie3. 
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Layout of the Report
 

Th's report describes the results of an econometric estimation 

involving producticn relationships for the manufacturing industries of 

India. Our approach has been to specify and estimate relationships for 

different industry groups at the disaggregated level, since the character

istics of energy demand vary considerably across industries. Chapter 2 

describes the methodology adopted to study the major trends in the use of 

factor inputs with respect to time and industry subgroups. The first 

subsection of chapter 2 covers the methodological approach with a 

discussion of the three statistical techniques used (rank correlation, 

correlations of concordance, and correlation coefficients), the econometric 

analysis employed to study the major trends, and a survey and discussion of 

the limitations of some important studies which have appeared in the 

literature. The second subsection of chapter 2 describes the specifica

tions of the translog model adopted and the estimation technique employed 

and elasticity calculations. 

Chapter 3 contains a detailed note on the availability of iata used in 

the study. We have included a description of data collected and computed 

along with their definitions. This chapter also provides a description of 

the various classifications of industry groups covered in the study.
 

The results of the study are presented in chapter 4. The relative 

changes in the structure of production over time are analyzed using the 

various intensity indices developed in the study. Individual sections 

cover the analysis of the major trends in use of factor inputs, and the 

analysis used in identifying the energy inten3ity of production over time 

and determining the interaction and interrelationships among the various 

parameters considered. A detailed analysis of the estimates of 

elasticities of substitution among energy, capital, labor, and materials is 

included. We als analyze the elasticities of total energy demand, as well 

as own and cross-price elasticities for' individual fuels consumed in each 

of the industries. 

Summary results are provided in :!hapter 5, along with a detailed 

analysir of -he substltution possiDi ties in the manufacturing sector and 

and outline of the policy imperatives. 



Chapter 2
 

METHODOLOGY
 

Approach
 

The industry groups to be studied correspond to the census sector in the 

Annual Survey of Industries (ASI). We first collected data covering the 

four factors of production: capital, labor, energy, and materials consumed.
 

Data collected also included the contribution of various industry groups to
 

national income, output levels, and other indicators of production. A
 

detailed note on the data available and used in this study appears in 

chapter 3 along with the corresponding sources.
 

Using data from 1963 to 1971, we have constructed various intensity
 

indices for the inputs (capita., labor, energy, and materials consumed) for
 

each of the different industry groups covered. These are essentially 

ratios of expenditure on a particular input to the value added by 

manufacture. For example, fixed capital employed per unit value added by 

manufacture has been termed 'fixed capital intensity. Similar 

computations were made for the total value of individual fuels, and indices 

were developed with the value of materials consumed and the total number of 

laborers employed in manufacture for each of the industry groups. 

A principal objective of this exercise was to arrive at some 

conclusions concerning the trends in energy consumption per unit of value 

added, labor and capital employed, etc., in various industry groups. Using 

value added by manufacture as the measure of total output avoids the double 

counting of inputs and outputs. The output from one sector L9 often the 

input of another sector, and, therefore, tne true measure of industrial 

activity is the value added in manufacture. Further, ary externalities 

wnich reduce or enhance production will be ref).ected in the value added, 
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since this is calculated as the difference between the gross value of
 

output and the gross value of input.
 

In order to study the energy intensiveness of production both with
 

respect to its costs as well as its physical consumption, a composite index
 

of energy (CIE) was developed for all industry groups. CIE represents the
 

weighted index of energy cost to aggregate energy consumed per unit value
 

added by manufacture. In addition, the ratios of energy cost by source to
 

aggregate energy expenditure for manufacturing were examined and the price
 

intensity of differert forms of energy computed as the ratio of unit price
 

of a particular fuel consumed in manufacturing to value added. The unit
 

prices of different forms of energy were arrived at using data on energy
 

consumption expenditure (in value terms) and quantity consumption (measured
 

in original units of consumption) for various industry groups, since the
 

extent of energy consumption varies across industries depending on the
 

nature of the process. The relative importance of different forms of
 

energy for each industry group was investigated using the ratio of energy
 

consumpftion by source to aggregate energy consumed. In this study we
 

measure all energy quantities in quadrillion joules (1015 joules). The
 

conversion factors used are oresented in table 2-1.
 

Table 2-1. Conversion Factors
 

Type of fuel Conversion factors
 

Coal 6,640 kilocalories/kilogram
 
Coke 5,000 " i 

Fuelwood 1,750 " t 
Charcoal 6,900 "i 

Petroleum products 10,000" of
 

(approximately 9,000 kilocalories/kiloliter)
 
Electricity 860 kilocalories/kilowatt hour
 

*Arrived at by using the average specific gravity of petroleum
 
products as equal to 0.8, since the reported data were all in liters.
 

Note: Mega or million 106
 
: 7
C'ore 


Giga o1 billion 109
 

Quadrillion 1'15
 

rupee = '70.10
3 
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The technology choice confronting each industry group was identified
 

through the intensity ratios of different factor inputs, considered in a
 

dynamic framework. The nature of interaction between any two factor
 

intensity indicators was analyzed using the graphical methods discussed in
 

chapter 4. The factor indicators considered for this analysis include the
 

interaction between the following:
 

- capital intensity versus labor intensity 
- capital intensity versus energy cost intensity 
- capital intensity versus materials costs intensity 
- labor intensity versus energy cost intensity 
- materials cost intensity versus energy cost intensity. 

Factor Intensity and Rank Correlation
 

Examination of the relative positions of the industry groups with
 

respect to factor input intensities would explicitly show the trends of
 

various industry groups as well a indicate the change in technology as a
 

function of the proportion of factors employed over time. To provide this
 

clearer picture, the industry groups were ranked based on the following
 

parameters: capital intensity (K/V), labor intensity (L/V), capital/labor
 

ratio (K/L), materials cost intensity (MIM), energy cost intensity (F/V),
 

energy (quantity) intensity (E/V), and the composite index of energy (CIE).
 

They were ranked from one to sixteen, with one denoting the lowest rank and
 

sixteen the highest industry group. Based on the ranks obtained using
 

these ratios, a rank matrix was developed covering four years: 1963, 1966,
 

1969, and 1971. The statistical validity of association among different
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sets of combinations of these parameters was tested using the Kendall
 

coefficient of concordance, "W, commonly referred to as the 'W-test. "1
 

1. The W-test is computed as follows (Siegal, 1956):
 

S 
K2 _
W : 1 (N3 N)
 

12
 

where S 	 sum of squares of the observed deviations from the mean of R
 
that is
 

)2S = 2(R4 	 - 9R 

where R refers to the sum of ranks of the industry groups. 
_'Ale tota the R, and divide that sum by 'N" to obtain the 

mean value of ?. 

k 	 the number of sets of rankings, for example, the number of 
combinations of the parameters for which the degree of 
association is measured. 

N = the 	 number of entities ranked, for example, the number of 
industry groups ranked.
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The W-test may be employed to suggest policy directions based on the
 

association of different sets of combinations of the ratios estimated. For
 
example, if we consider the ranking of a number of industry groups based on
 
two parameters--say, capital intensity and labor intensity--and compute 'W"
 
statistics, we find that the "W' statistics lie between zero and unity. If
 
W = 0, this indicates that the ranking based on these two parameters is
 
completely random, and therefore that capital intensity and labor intensity
 

for this set of industries are exactly opposite in relationship. On the
 
other hand, if W = 1, this indicates a perfectly stable ranking for the
 
parameters and implies that a capital intensive industry is labor intensive
 
as well. For large samples (when N is greater that 
7), 'W" follows the
 
'Chi-square' distribution with (N - 1) degrees of freedom. In our study, N
 
= 16 (the number of industry groups ranked), and hence we calculated the
 
Chi-square values as well as W values for the different combinations of
 
ratios--namely, capital intensity, labor intensity, energy intensity,
 
energy cost intensity, capital/labor ratios, and materials cost intensity.
 

To further investigate the general implications inferred using the
 
W-test for the industry groups as a whole, the rankings calculated based on 
these ratios have been intercorrelated aad analyzed for the years 1963, 
1966, 1969, and 1971. The statistical hypothesis that the rank 
correlations of the parameters are significantly different from zero was 
tested through the estimation of the well known "t-statistic" at 5 percent 

and 1 percent levels of significance or 95 percent and 99 percent levels of
 

confidence, respectively.
 

Correlation Coefficients
 

At the next stage, the interaction and interrelationships between factors
 

of production were studied through an analysis of intercorrelation among
 
various parameters, conducted for each of the industry groups included in 
the study. Analysis of this kind gives an aggregated picture of the trend 
of the parameters and the nature of relationships existing between them 

over the tine period. The sensitivity of energy use to orice changes and 
the extent of directional impact that the prices of different forms of 

energy have on consumption have also been assessed using estimated 
4ntercorrelations of energy intensity, energy cost intensity, and the 
composite index of energy. The price intensity of different forms of 
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energy studied earlier were used to support the correlations estimated at
 

the aggregate level of energy. Here again, "t-statistics' computed at 5
 

percent and 1 percent levels of significance show that the correlations are
 

significantly different from zero within 95 percent and 99 percent
 

confidence limits.
 

Econometric Analysis
 

In the second phase of the study, econometric estimations of transcendental
 

logarithmic price possibility frontiers have been carried out for the
 

various industries individually, both for aggregate inputs (capital, labor,
 

aggregate energy and materials), and for the different fuels. Pooled data
 

were used for various states covering the period 1963-614 to 1973-74. This
 

step attempted to measure the extent of substitution among the inputs, and
 

to measure the effects of relative price changes on energy consumption.
 

in the past, many economic systems have been analyzed on the basis of
 

production functions with certain restrictive features. In earlier
 

studies, the Cobb-Douglks production provided a simple, maintainable
 

hypothesis with the facility of its input exponents adding up to unity and
 

a unitary elasticity of substitution. Magnus (1979) used the generalized
 

Cobb-Douglas production function in estimating substitution between capital
 

and labor inputs in Dutch manufacturing. Murthy and Shastry (1957) and
 

Dutta (1955) also estimated Indian production functions in the Cobb-Douglas
 

form. The only feature under investigation in these studies was the
 

question of returns of scale estimated as appropriate parameters using
 

aggregate data on production and other variables.
 

The discovery of theoretically and empirically and more representative
 

production functions embracing a wide variety of hypotheses resulted in the
 

widespread use of another production function, namely, the constant
 

elasticity function (CES), which includes both Cobb-Douglas as well as the 

Leontief production functions as special cases. Examples of studies using
 

the CES method include Diwan and Cujarathi (1968), Shankar (1970), and Kazi
 

(i76). 
 The majority of these studies reveal substittion elasticities 

greater than unity in manufacturing. ' evrtlel s, he cf 

substi'tti.-oi of parameters in the CES product Ton tnction 's not tariable 

along an isoquant, although they can take lifferent values for different 
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industries. This aspect of the CES production function imposes a
 

constraint on productivity relationships.
 

The variable elasticity of the substitution production finction or 

homothetic production function overcomes this defect of the CES, as it 

explicitly permits the capital/labor ratio to be an explanatory variable. 

Furthermore, with energy acquiring importance as a factor of production, 

recent studies have sought to account for the substitution of energy with 

other inputs. There has been a great increazie in interest in the 

possibilities for substituting energy for the nonenergy inputs in the 

manufacturing sectors of both industrialized and developing nations. 

Numerous studies have appeared on the long-run response of energy demand to 

changing prices and other economic variables. The main approach adopted by 

researchers in the estimation of the production function and suostitution 

responses is the 'transcendental logarithmic price possibility frontier. " 

The price possibility frontier is a transcendental function of the 

logarithms of the prices of inputs. This was first introduced by 

Christensen, Jorgenson and Lau (1975) and later used extensively by Berndt 

and Wood (1975), Pindyck (1980), and others (see, for example, Fuss, 1977; 

Griffin and Gregory, 1976; and Halverson, 1977) in studying the structure 

of production.
 

An alternative method of estimating interfuel substitution is the 

multinominal logit model, " as done for the Canadian economy by Fuss, 

Hyndman, and Waverman (1977). The translog utility function, however, is
 

preferable because the estimates of cross-price and own-price elasticities 

are restricted in the multinominal logit model and not so in translog 

models. Furthermore, in logit models, estimates obtained become 

inefficient when there are zeros in the share data. Hence, in current 

literature there is an extensive use of translog models as compared to
 

logit models.
 

A backdrop to our study is provided by reviewing and reporting on some
 

of the earlier studies which used translog functions covering the
 

manufacturing sector of various countries, particularly developed 

countries. Studies of energy substitution Ln the U.S. economy include 

&-rndt and Wood (1975), Hudson and Jorgenson (1976), Iermetten and Planting
 

(1953), Halverson (1977), Halvorsen and Ford (1978), and Field and
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Grebenstein (1980). Apart from these, there are numerous other studies 

available in the literature. 

A number of these studies report similar results. Berndt and Wood
 

(1975) empirically tested a trar.slog cost function with the four factor 

inputs (capital, labor, energy, 4nd materials) for U.S. manufacturing using
 

time series data for the 1947-1981 period. The study provides evidence of
 

limited possibilities for substitution between energy and nonenergy inputs.
 

In its findings, the study concludes that energy and labor are slightly 

substitutable, and energy and capital are complementary. In one of his 

later publications (1979), Berndt provides a common analytical framework 

for engineering and econometric evidence and reconciles the engineering
 

evidence of capital-energy complementarity with the econometric evidence. 

Using quite similar data and a different estimation procedure, Hudson and 

Jorgenson (1974) estimate a trauslog cost function for the U.S. 

manufacturing sector as part of their input-output matrix for their 

long-range energy model. This study also concludes that energy does in 

fact substitute for other inputs, and in particular that energy is a 

substitute for labor and a complement for capital. Similar results are
 

obtained by Fuss (1977) using time-series data for Canadian manufacturing 

pooled by region, and Magnus (1979), using capital, labor, and energy
 

time-series data for Dutch manufacturing.
 

The results of these studies do not a'-ways confirm each otner, 

however. In a study asing capital, labor, and energy time-series data for 

the manufacturing sector pooled by the member countries of the Organization 

for Economic Cooperation and Develoment (OECD), Griffin and Gregory (1976) 

report on energy-capital substitutability. They conclude that in the short
 

run higher energy prices would induce an increase in labor and material 

inputs and a corresponding reduction in the utilization of capital since 

for the existing capital equipment, the energy input per hour of capital 

service ie likely to be fairly constant. In other words, short-run cost 

functions are likely to show energy, labor, and materials to be 

s.ubstitutes, and energy and capital as complementary. On the otner hand, 

in the long run, capital and energy may be substitutes !ince new equipment 

could be designed to achieve energy efficiency but at greater capital 

cost . Robert Pindyck (1979), in hs . tudy allo baled on Lnternationai 

pooled data, reports on energy-capital substitutability. Similarly, using 
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cross-sectional data on capital, two types of labor, and three types of
 

energy by state for eight industries, Halvorsen and Ford (1978) find
 

evidence of either significant energy-capital substitutability or
 

insignificant complementarity. 

In most of these studies mentioned above, the differences that have 

generated the greatest controversy are in the relationship between capital 

and energy. Griffin and Gregory (1976) suggest one reason for these 

different empirical findings is that their study as well as studies by 

Pindyck (1979) and Halvorsen and Ford (1978) were based on cross-sectional 

data, while the studies by Bernd and Wood (1975) and Berudt and Jorgenson 

(1973) were time series investigations. Cross-sectional analysis generally
 

reflects long-run adjustment possibilities while time series data yield 

short-run estimates, so the discrepancy might be resolved if energy and 

capital are treated as short-run complements but as long-run substitutes.
 

The different ways of treating the capital input in these studies also 

contributes to arriving at divergent results. Griffin and Gregory (1976) 

and Fuss (1977) follow the earlier procedure of using value added to 

estimate the cost of capital (cost of capital equals value added less 

payroll). On the other hand, Berndt and Wood (1975) question the validity 

of the value added approach, since both Leontief and Hicksian aggregation 

are violated. Hence, they used another approach--'service price'--in which 

the residual difference between nonlabor value added (value added less 

payroll) and the service cost of reproducible capital (quantity of physical 

capital times service price) are used to estimate the cost of capital. In 

other words, 

cost of capital = 	 (value added - payroll) 

(quantity of physical capital x service price) 

The service price approach accounts for a large proportion of the total 

capital cost, whereas the findings of the value added studies would be 

dominated by the presence of working capital. Thus the different results 

could in part be due to the fact that two quite different ;ypes of capital 

inputs are involved. These two forms of capital--physical capital and 

working capital.--behave in different ways, at least as regards their 

:elationship with energy inputs. 
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A recent study by Field and Grebenstein (1980) of the U.S.
 

manufacturing sector added yet another dimension to the treatment of
 

capital. They take into consideration the prices of physical and working
 

capital separately along with the prices of labor and energy to explore the
 

behavior of these factor inputs. Of particular interest in this stuiy are
 

the cross-elasticities of physical and working capital with energy inputs.
 

For seven sectors of this study, energy and physical capital showed
 

complementarity, but in no sector did they show substitutability. The
 

results for elasticities of working capital and energy were just the
 

opposite, in that five sectors showed a significant indication of
 

substitution between energy and working capital, and in no sector did
 

working capital and energy appear complementary to each other.
 

In summary, the conflicting evidence from econometric studies 

regarding energy-capital substitution might be due to (1) differing data 

sets and approaches to measuring input quantities and prices, (2) varied
 

treatment of excluded inputs, and (3) distinctions between short-run and
 

long-run elasticities.
 

There are also studies using translog normalized profit functions 

where the interfuel substitution in steam electric power generation has 

been studied in order to decide on the fuel choice in existing power plants
 

(see, for example, Atkinson and Halverson, 1976). Yet another interesting 

area where the translog production function and cost function are 

explicitly used is to find out (1) whether natural products are strictly 

complementary in production with either capital or labor, and (2) whether 

resource products are typically less substitutable with capital than with 

labor. 

The study conducted by Humphrey and Moroney (1975) provides evidence 

to this effect. The study investigate3 the degree to which capital and 

labor may be substituted in production for a resource product aggregate, 

which is regarded analytically as a third explicit factor of production. 

The authors have constructed for each manufacturing industry an input 

aggregate of nineteen natural resource products used in production. The 

list of these resource products are documented in the stuay. The evLdence 

in this paper :uggests that labor and, to a lesser degree, -2apital are 

substitutable for natural resource products -among must of the resourCes

using product groups in American manufacturing. 
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Jorgenson and Fraumeni (1981) analyzed the rate of sectoral technical 

change and the distribution of the value of sector output in terms of 

possibilities for substitution among capital, labor, energy, and materials,
 

(and inputs and changes in these substitution possibilities over time)
 

using a transcendental logarithmic price possibi.'.±ty frontier for the U.S. 

economy. The majority of industries in their study showed nonnegative 

elasticities of the shares of capital with respect to the price of labor, 

:indicating that the shares of capital do not decrease with an increase in 

the price of labor in all these industries. The study also showed that the 

shares of energy do not decrease either with the price of capital or with 

the price of materials for most of the industries and that the shares of 

materials do not decrease with the price of capital for all the industries. 

A somewhat different and broader framework for substitution 

possibilities is offered by Lakshmanan, Anderson, Jourabchi, and Chaubey 

(1980) in one of their recent studies. The study highlights the importance 

of regional variation in price responsiveness and factor substitution in a 

multiregional framework. It also emphasizes the need to know more about
 

regional factor supply, vintage, capacity utilization, etc., in oroer to 

interpret the spatial patterns of regional interfactor and interfuel 

distributions. The study, besides arriving at conclusions of strong 

complementarity and weak substitutability of capital and energy for
 

different industry groups, aLso wakes a comparison of the various states of
 

the United States and several Western European countries.
 

In order to measure the extent of energy substitution for the Indian 

economy, Noel Uri (1974) applied a translog price possibility frontier to a 

pooled sample consisting of major sectors (such as agriculture, transport,
 

mining and quarrying, and manufacture). The results indicate that relative
 

changes in energy prices have significant effects on energy consumption. 

Williams and Laumas (1980) examined the substitution possibilities among 

energy inputs and other nonenergy factors of production in response to 

price changes in India's manufacturing industries. For most industries in 

the study, factors other than labor exhibited a high degree of suostitutlion 

with energy, indicating that lack of energy alone cannot be a severe 

bottleneck to the continued growth of India's manufacturing sector. Their 

conclusion throws ight on the possibility of substitutins energy wi.tn 

other nonenergy factors of production.
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This review of current literature indicates that specific information 

regarding substitution among capital, labor, energy, and materials, and 

among major energy inputs is not yet available for the Tndian manufacturing 

sector. indeed, no systematic study has, to our knowledge, been attempted 

to lir.k the two-stage optimization process, that is, optimizing the mix of 

fuel -Ahn; makei up the energy input, and then optimally choosing quantities 

of capital, labor, energy, and materials. Accordingly, our objective is to 

investigate these relationships using, first, an explicit four-factor input 

production function and, second, a model of constrained cost minimization. 

The specification of the translog models adopted and various assumptions 

made for the model are described in the following section. The technique 

employed for estimating the ihare equations derived from the models is 

principally the method of perfect least squares (PLSM). The estimation 

procedure and the methodological issues involved in estimating are dealt 

with the detail in subsequent sections. Allen's own and cross-price 

elasticities of substitution for the inputs, and partial price elalticities
 

of different forms of energy have been calculated using the e3timated 

coefficients of the respective share equations. 

Econometric estimation was carried out for seventeen major industries 

covering 	the periods 1963-1969, 1970-l,'-4, and 1963-1974. The results were
 

compared 	 across industries in order to analyze the impact of energy price 

changes on energy consumption, and to study the nature of factor
 

substitution in the manufacturing sector.
 

The methodology adopted for this study consisted of the following 

separately identified, but interrelated steps:
 

Part 1, Step 1: Collection of data for the different industry groups from 
the census sector of the ASI on the four factors of 
production--capital, labor, energy, and materials--and 
collection of data on output levels, value added, and 
other economic indicators of production. 

Step 2: 	 Computation of factor input intensity and otner ratios 
such as capital/labor ratios, composite index of energy, 
weighted costs of different forms of energy, proportion of 
different forms of energy consumed in manufacturing, and 
price -ntensity of energy for different industry groups. 

Step 3: 	 Evaluation of Lnteraction between Cactors .Ising the 
intensity ratios over t re years studied. 
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Step 4: 	 Ranking of industry groups based on the intensity ratios 
and other parameters, and identifying the trends in the 
movements of these parameters measuring the degree of 
association among different combinations of ratios using
 
the concordance the coefficient, 'W'.
 

Step 5: 	 Rank correlation of the rankings calculated for 1963, 
1966, 1969, and 1971, and showing statistically the 
significance of the rank correlations using t statistics. 

Part 2: Intercorrelation of factor input intensity ratios and other 
parameters using t statistics to measure the significance of 
correlations. 

Part 3: 	 Step 1: Selection of major industries from within the industry
 
groups based on different intensities of production, and 
collecting data for these major industries on a
 
disaggregated level pooled over various states.
 

Step 2: 	Econometric estimacion of the share equations derived from
 
both aggregate production functions involving capital,
 
labor, energy, and materials, and energy submodels
 
involving different forms of energy using the method of
 
perfect 	least squares (PLSM).
 

Step 3: Estimation of Allen's partial elasticities of substitution
 
among the inputs, and partial price elasticities of
 
different forms of energy.
 

Model Specification 

In our model we hypothesize that gross output (Y) of goods and services is 

an aggregated function of four inputs--capital (K), labor (L), energy (E), 

and materials (M). The model assumes that production is characterized by 

constant returns to scale and that technical change affecting the four 

inputs is Hicks-neutral. Second, we assume that the production function is
 

weakly separable in the major categories of capital, labor, materials, and 

all energy. This implies that the marginal rates of substitution between 

individual fuels are independent of the quantities of capital, labor, and 

materials. Finally, we assume that capital, labor, aggregate energy, and 

materials are homothetic in their components--in particular, that the 

energy aggregate is homotnetic in its fuel inputs: coal F1), coKe 'F,, 

petroleum products '), fuel oil 'F 4 ) , and electricitI (-D). As shown by 

Pindyck 	 (1979) and otners, the second and third assumptions -aove help the 

two-stage optimization process, that ii, to optimize the mix of fuels thlat 
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make 	 up the ene gy input, and then optimally choose quantities of capital, 

labor, energy, and materials. Hence, under these assumptions, the
 

production function is:
 

Y = f[K, L, e(F1 , F2 , F3, F4 , F5 ), M] 	 (1) 

where:
 

e = a homothetic function of five fuels.
 

Determining factor prices and output levels exogenously, the production
 

structure described by equation (1) can alternately be expressed as a cost
 

function: 

C = G[Y, PK' PL' PE (PF F' 2 PF3 ' PF4 ' PF5 ), P 	 (2) 

where: 

C = 	 total cost 

PK' P L E'PM = price of capital, labor, energy, materials,
 
respectively 

P.E an aggregate price of energy, that is, a function that aggregates 
the fuel prices P, 

Equation (2) can be estimated in stages (for details, see Pindyck, 1979 and
 

1930):
 

1. 	 First, represent the price of energy (which is the unit cost of 
energy to a producer choosing fuel inputs) by a homothetic trans
log cost function with constant returns to scale. Estimation of
 
the share equations implied by this cost function gives usthe 
own-	 and cross-partial price elasticities for the different forms
 
of fuels. 

2. 	 Next, we represent the cost of industrial output Dy a nonhomo
thetic translog fanction. Estimation of the share equations 
implied by this cost function gives us the elasticities of 
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substitution and the own- and cross-price elasticities for
 
capital, labor, aggregate energy, and materials.
 

Now 	we have the cost function specified:
 

' P1 P2 F3 ' 4 F5 P ]
 C 	 G[Y, PK' PL' PE ( ' ' ' ) 


= G(Y, PK' PL' PE' PM 	 (3) 

P = PF2 PF' 3 PF 4 ' PF 5 

for 	the five different fuels.
 

Thus C is stated as two separate submodels, one in which capital,
 

labor, aggregate energy, and materials are determined (equation 3), and a
 

second submodel in which specific energy inputs are determined (equation
 

4).
 

Our approach in specifying the translog price possibilities frontier
 

for the energy submodel (equation 4) is similar to that used by Uri (1979)
 

in estimating the demand for energy in Indian manufacturing. The function
 

can be expressed:
 

+ 'ilo 1 F 	 (5)log 	PE a a g Pi + ij log Pi log P 
i ij 	 .
 

for i, j = 1, 2, 3, 4, 5 (representing five different fuels: coal, coke,
 
petroleum products, fuel oil, and electricity, respectively).
 

PE = the price of energy
 

Pi s= the price of each energy input
 

The translog cost function adopted in estimating the aggregate
 

function (equation 3) is similar to that used by Pindyck (1979):
 

" y 	 (log Ylog 	C = cc. + C log Y + CA log P. + 1 
0 y 	 3 

+ 	 Vij log Pi log Pj+ yyi log Y log Pi (6) 

ij i 



for i,j = K, L, E, M, representing capital, labor, energy, and materials
 

C = total cost
 
Y = output
 
Pi = the factor price of the inputs
 

In order to correspond to a well-behaved production function, a price
 

possibility frontier must be homogenous of degree one in input prices, that
 

is, for a fixed level of output, total expenditures must increase
 

proportionately when all input prices increase proportionately. This
 

implies certain restricted relationships among the parameters of both the 

energy price possibility frontier (equation 5) (see Christiansen, 

Jorgenson, and Lau, 1971 and 1973; and Fus3, 1977). That is, for the 

energy price possibility frontier (equation 5), 

and
 

i- ij Iii 
i i iJ
 

where:
 

i, j = the five fuel inputs
2
 

Similarly, for the aggregate factor input translog cost function
 

(equation 6), the restrictions are as follows:
 

= 1i 

and
 

i j t-

2. It is true that the condition 0' is superfluous "thi3 

stage, ard tnis condition auomatically follows from e earlier .&nd-*n. 
However, it has been specified to ensure vector a izion by row and column 
of the parameters togetner becoming equal to zero. 
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where:
 

i, j = K, L, E, M 

The heterogeneity condition (positivity condition) for a well-behaved
 

production function required nonnegative input levels and hence nonnegative
 

cost shares, that is, the cost shares must be positive. This is ensured on
 

the basis of the parameters, and is imposed on the translog cost functions
 

of both energy share equations and aggregate input share equations.
 

Differentiating both the energy translog price possibility frontier 

(equation 5) and factor input cost function (equation 6) with respect to 

prices and applying Shepard's Lemma (Diewart, 1971), the derived demand 

function for both energy inputs and factor inputs of production are found.
 

The share equations for the energy cost function are given by:
 

Slog PE Pi Xi
 

alog Pi 5Pj Xj
 

that is,
 

ai:e + B i log Pj 7 

where:
 

i,j = 1, 2, 3, 4, 5, representing five forms of fuel 
Si = the cost share of ith fuel
 

and for the factor input cost function,
 

P. X.
 

)log G 

= Jlog Pi 

_ 

C 

that is,
 

S. + y log Y + Y log P (8)
i +yi iJ J
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where: 

St = cost share of ith input
 
i, j = K, L, E, M 

Note that t?. aggregate factor input cost function specified (equation
 

6) in nonhomothetic, and may have nonconstant returns to scale. The cost 

function would be homothetic if it could be written as a separable function 

of output and factor prices. Thus the following parameter restrictions can 

be added to earlier restrictions to impose hcmotheticity: 

Yyi- 0 for each i
 

and
 

Yyi 0 

The second and third assumptions of the translog production function 

(specified in the beginning of the next chapter) together are referred to 

as homothetic separability.
 

Weak separability of factor inputs--K, L, E, and M--from output Y here 

means that the marginal rates of substitution between individual inputs are 

independent of quantities of output. Weak separability of the (homogenous) 

factor Lnput function in K, L, E, and M implies weak separability of the 

unit cost function in PK' PL' PE' and R, from output Y, and is specified by 

the condition that 

YJK yL yM 0 

That is,
 

Yyi 0 

With the above restriction imposed, tne cost function could be written 

as a separable function of output and factor, prices. Further, the 

consistent estimation of the share equations (equation 8) required the 
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exogeneity of both the prices Pj of inputs and output (Y). It is indeed
 

reasonable to assume that factor prices are exogenous and it may be less
 

valid to assume total output (Y) to be exogenous. Hence the restriction
 

= 0
yi 


Using this restriction, the share equations of factor inputs specified
 

in equation 8 become:
 

S =c i + ij log P (9)
 

i
 

where:
 

i 	 the cost share of the ith factor input similar to the share
 

equations of the energy submodel.
 

The aggregate factor input cost function (equation 6) is also 

homogenous if the elasticity of cost with respect to output is constant. 

This implies the following restriction: 

= 0
 yy 


Consequently, the share equations of both the energy cost function
 

(equation 7) and factor inputs of production (equation 9) were estimated
 

imposing the restriction of linear homogeneity and symmetry in cross-price
 

terms and by using the method of perfect least squares (PLSM). Estimation
 

procedure of PLSM and the methodological issues involved in estimation of
 

the share equations of both energy inputs and aggregate factor inputs of
 

production are discussed later.
 

Uzawa (1962) has shown that Allen's partial elasticities of
 

substitution between energy inputs are given by:
 

(g x 	g. .) x jOij L 

where g Lndicates partial differentiation of the energy submodel (equation
 

11)with respect to energy prices; that is,
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2 

giJj= gPi 
PJ 

ii
 

and
 

= g
 
i 
 Pi
 

Corresponding to this, the partial differentiation of the aggregate
 

production function (equation 3) with respect to input prices gives:
 

Sx Gij
 
iij
 

S
GG
 

where
 

2
 

Gij 
 PGP
 

i J
 

and
 

= G
Gi 

Pi
 

The partial elasticities (ij or ti) are invariant with respect to the
 

ordering of both fuel inputs and factor inputs. That is,
 

ij = Ji
 

Reformulating Allen's partial elasticity of substitution expressed for the
 

energy submodel, one obtains:
 

+ S --S. )
ii . I 

ii 2 
S 1
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-(= i SiS
1 j $ S+sis
 

where i 4 J.
 

Similarly, for the translog cost function of factor inputs, one has:
 

(Yi 2 Si )
 
ii + Si 2


2 
Si
 

(
 
a - Yij SiS j
 

ij i S 

where i J, for i, j = K, L, E, M, representing capital, labor, energy, 

and materials.
 

We have calculated Allen's partial elasticities of substitution for
 

energy inputs using the fitted cost shares of the parameters at the means.
 

The elasticities of substitution are related to price elasticities of
 

demand (n.) for energy inputs and factor inputs, and thus the own- and
 

cross-price elasticities of demand are given by:
 

n ii 
 S
 

and
 

nij :a ijS j
 

where i 4 j and where it is assumed that
 

j ij = 0 

The estimated values of the parameters 8.j 's and Yii 's obtained from
 

the share equations (7) and (9) and the average values of the cost share 

data have been used to calculate Allen's par'tLaI elasticity of substitution 
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and own- and cross-price elasticities for the periods 1965-1969, 1970-1974,
 

and 1965-1974. The effects of relative changes in energy prices on energy
 

consumption and the extent of substitution among aggregate factor inputs 

for the various industries over these periods will be analyzed in a later 

section.
 

Estimation Technique and Methodological Issues in Estimation
 

A comprehensive review of the literature concerning the estimation of 

translog models of energy demand and aggregate input demand reveals that 

most researchers have employed either iterative (Zellner's) procedure or
 

iterative three-stage least squares in order to arrive at the parametric 

estimates of the share equations of the model (see, for instance, Berndt 

and Wood, 1975; Field and Grebenstein, 1980; Griffin and Gregory, 1976;
 

Ha].verson, 1977; Lakshmanan, Anderson, Jourabchi and Chaubey, 1980;
 

Pindyck, 1980; and Williams and raumas, 1980). There is also evidence in
 

the literature of the use of two-stage least squares employed by Humphrey 

and Moroney (1975) and Moroney and Toevs (1977) to estimate the system of 

equations. These methods have built-in sophistication in terms of their 

ability to maintain enough stochastic specifications for which the error 

terms are heteroscedastic, autocorrelated both across time and across
 

states with each equation, and correlated across equations in the system. 

However, there is a degree of arbitrariness always involved ".n such 

specifications. For example, the use of additive error terms on the share 

equations may itself be a misspecification. Though these errors are added 

to the first order conditions of a cost-minimization process, they need not 

result in additive error terms in the translog share equations. Thus there 

is an inherent degree of arbitrariness, and this makes the use of a more 

simple error structure more appealing, such as in the studies by Pindyck 

(1980), Fraumeni and Jorgenson (1982), Berndt and Wood (1975), and Berndt 

(1976).
 

Our approach has been to strike a balance between the possible gain in 

efficiency resulting from a complete 9pec if[cation of the model and lower 

computatLonal cost. In our search for an alternative econometric approach,
 

we adopted the method of perfect least squares (PLSM) as yet another 

approach to solving a system of equations while maintaining the complete 
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specification of the model. We have found this method to be much simpler 

than other models. The same procedure is applied to the particular case of 

share equations of both energy demand and aggregate input demand. We 
briefly discuss below some of the metaodological issues involved in the 

estimation of our share equations.
 

Estimation Techniques: The Method of Perfect Least Squares (PLSM)
 

The perfect least squares method is an extension of the ordinary least 

squares method (OLSM) with the specific advantage of applicability to the 

system of simultaneous equations as well. The method has been designated 

as perfect least squares by the principal formulators (Misra and Handa, 

1979) because there is no other method known to the authors that provides 

lower magnitudes of optimality criterion. That is, the PLS estimator is 
the only estimator that provides the smallest error sum of squares in the 

general case since the interdependence among the elements of the error
 

vector are considered in a functional sense. Such a consideration will 

hold true irrespective of whether the data are a sample, the population or 

part of the population, and whether the sample is with or without replace

ment. This is true because of the inherent dependence exhibited in the 
functional dependence while minimizing the error sum of squares. The 

method holds good for data using any sampling or census method. The method 

ia attractive for its ease of application. Also, this method has the 

advantag; of direct applicability to dynamic models of all kinds since it 

is capable of incorporating in itself the dependence among the
 

observations.
 

Before enumerating the various interconnected steps, we give below the
 

notat.ions used to describe the estimation procedure.
 

In the system of equations, we have "nf" equations, each having 'nf" 

number of independent variables (number of equations equals the number of 

independent variables), and 'n' number of observations for each variable 

(sample equals 'n'). That is, 

n number of observations (sample)
 
nf number of equations, or the number of independent variables in 

each equation of the system
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nf + 1 = ny = number of variables in each equation including the 
constant term.
 

Let us denote our general linear model as 

Yi = $i Xi + ui 

Where: 

Yi = the independent variable of vector length 'n" 
Xi = the independent variables, the matrix of n x n
 
ui = a vector of length 'n'
 

i =a vector of length n'
 

The steps of the estimation procedure are: 

Step 1: Applying OLS procedure of estimation, the regression coefficients
 
(.6i) of the independent variables of each equation of the given sys,4tem of 
equations 'aredetermined.
 

i (XlXi) 1 X1 Yi 
A

Step 2: The estimated values (Y.) of the dependent variables for "n

observations of each equation are determined.
 

Step 3: The error vector of length "n" for each equation of the system is 
constructed. 

u = Yi - Yi 

Step 4: The "S"matrix of 'nf X nf" is constructed such that
 

u u.
 

n 

where Sij is an element of "S" matrix 

i = 1, 2, ... nf
 
j = 1, 2, ... nf
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Step 5: The inverse of each element in S' matrix is determined. 3
 

Step 6: Using the 'S' inverses of 'S' matrix, the V matrix is constructed
 

such that
 

-I 

Vij = Inxn 


V -S
 
Sij
 

for
 

i 1, 2, ... nf
 
j 1, 2, ... nf
 

3. For example, in the case o." input of four fuels, 

-1 -1 -1 
S- 3 S-
11 12 13 

that is, nf 

-1 
S
14 

4, 

S= 

-1 
S21 

-1 
S22 

-1 
$23 

'-1 
24 

31 32 33 ;4 

-I 
S4 1 

-1 
$42 

-1
S43 

S-1
44 
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x nV is a matrix of n I x nI where n I = n x nf, and Vii is a matrix of n 

such that Vij's will be nf x nf in the matrix V.4 

4. 
vij = Inxn 

-1 

x Stj 

ror all 

i 
j = 

1I, 2, 
1, 2, 

... 

... 

nf 
nf 

Denoting S- I = P, 

V 
ij 

I1 
nxn 

x P 1 
ij 

For example, when n 5, 

and 

V 
ad0 

P 
0 
0 

0 

0 
P11 
0 

0 
0 

0 
0 
P11  
0 
0 

0 
0 
0 

P11 

01 

0 
0 
0 

0 

Pl1 

V. 
,i 

11V 
V12 

13 
3 

Vi 
4 

V 
'5 

V: 

V51 V52 V5 V54 V55 
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Step 7: The complete system model is specified in terms of n" 
observations on each one of the endogenous Y and predetermined X variables. 
Rewriting the nf equations together, we get 

Y X + u 

where
 

Y1
 
Yp2
 

Y 

Yu
 

X I 0 0 0 0 

0 0 0X2 


X 0 X3 0 0
 

0 0 0 0 0Xnf 

and
 

82
 

Sfuj 
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Step 8: Now, using the constructed matrices of X*, Y*, and V, the PLS 
estimator - unrestricted can be specified as follows: 

.1 1
: (X V X*)- (X*! V Y*) 

where
 

6*= the PLS estimator without any restrictions of the parameters. *
 
will be of the order of nf x nf.
 

A 

Step 10: Then, we compute the PLS estimator "*_ restricted. The formula
 
for it is specified as follow:
 

whr *i V X:j X*1 V Y*] 

LXR0 r 

where R is the restricted matrix of the order of NR x NB, where
 

Td = the number of restrictions posed
 
NB = nf x nf
 
r = an array of value specifications imposed for the restricted
 

matrix of order NR
 
a working vector
 

A 
In essence, the relationship between the PLS estimator ''*- restricted and 

the restriction matrix is specified in the following manner: 

A
 

R r 

that is, 

B.11 2 • . • 1 NB A 
A y 

R2 1 922 R NB 8 Y 

A 
RBNR 1 NR 2 
 .RNR 
 3NB "NB
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For instance, the restriction on the parameters is imposed in the following
 

manner:
 

Let
 

aI + a2 + B3 = 15 condition (1)
 

B4 + 6 5 + B 6 20 ... condition (2)
 

+ 	 $8 + B 9 10 ... condition (3) 

+ 	 2 + 3 + B 5 + 6 + ++7 38 + 39 45...(4) 

Then, the R matrix is written as
 

1 1 I 0 0 0 0 0 0 15
 

0 0 0 1 1 1 0 0 0 20
 

R= 	 0 0 0 0 0 0 1 1 1 and r 10 

1 1 1 1 1 1 1 1 1 45 

Note: The fourth condition specified above is superfluous, and need 
not be given. However, it has been specified to ensure addition by row and 
column. 



Chapter 3
 

DATA COLLECTION AND COMPUTATION
 

The Annual Survey of Industries (ASI) is the principal source of data or. 

various aspects of the registered industrial sector in India. The Central
 

Statistical Organization (CSO) is responsible for the publication of data
 

on various aspects of industrial activity. 

ASI covers two different levels. Units employing fifty or more 

workers and operated on power, and those employing 100 or more workers and 

operating without power are covered under what is called the "census 

sector." Other factories categorized as "noncensus sector" or "sample 

sector" are surveyed on a scientific sample basis. 

The industrial classification adopted in the survey for classifying 

various factories is the National Industrial Classification (NIC) and a 

report of the ASI presents estimates at the three-digit level of this 

industrial classification. 

The detailed data of the census sector are brought out in ten volumes 

with a complete breakdown of data at the state level. As far as the 

noncensus sector is concerned, the publication of results from this sector 

was discontinued after 1969. But publication of results from the factory 

sector continues. They are arrived at by adding the aggregates in the 

census sector to the corresponding estimates on the noncensus sector.
 

The data collected on the items from the census sector cover most of 

the major industry groups at the aggregate level, and for selected 

industries at the state level. Altihough it would be better to collect data 

from the factory sector in order to encompass all the registered factories 

of the country, the problem was that they do not Lnclude details on energy 

consumption in comparable units or by fuel, which are essential for a study
 

focusi:ng on _nterfuel substitution. However, the industries in tie study 
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do belong to the major groups selected from the industrial classification.
 

No reliability should have been lost even though data collection was
 

restricted to the census sector alone, since these industries extend
 

uniformly to both the census and factory sectors.
 

Detailed results for the census sector data are available only through
 

1971-72, so that our sample has been restricted to aggregate figures for
 

the various industry groups modelled only up to 1972. Time series data
 

were also collected covering various aspects of the industry groups 

covering the period 1963-64 to 1971-72 in order to identify the 

relationships between industry groups based on energy intensiveness of 

production and other parameters, to analyze the price sensitivity of the 

energy mix in manufacturing, and to establish the interrelationships among 

factor inputs.
 

The characteristics of specific fcrms of energy demand and aggregate 

input demand vary across industries. There are also significant variations 

in the price of energy across the same industry group in different states 

due to transportation costs, different tariffs, and variations in the fuel 

mix and technology employed. Hence, for the econometric estimation of the 

transcendental logarithmic price possibility frontiers for energy demand 

and aggregate input demand, a disaggregated framework was adopted. Data 

were collected at a disaggregated state level for the various major 

industries selected from the industry groups. The method employed was 
pooling time series and cross-sectional data to increase the size of the 

data set. This is the most valid approach to follow in order to capture 

the long-run effects of price changes on energy demand and aggregate input 

demand. Pooling the data also shows significant and sufficient variation 

in the input prices of both energy demand and aggregate input demand to 

enable us to estimate substitution possibilities between these inputs. In 

addition, unpublished data for all the major industries of the industry 

groups chosen for the year 1973-74 were made available by the CSO, thereby 

expanding the period covered from 1965-66 to 1973-74.
 

Table 3-1 lists the industry groups included in the study and the 

major Lndustries belonging to each of these groups for whion translog 

estimation of energy demand and aggregate input demand were carried out. 

Most -f the m-'or Lndust:y groups were covered except the machinery and 

metal p oducts industries, whicn were omitted due to the lacK of 
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aggregate data for some years. It was not possible to build up aggregate
 

data for these industries since they cover a vast number of small
 

industries, and because the industrial classification was changed in 1970.
 

Sixteen major industry groups were covered for the first and secord parts
 

of the study, and in the third part, where econometric estimation of
 

translog models of energy demand and aggregate input demand were carried 

out, seventeen major industries were selected from these sixteen industry 

groups, and disaggregated data were then collected for each.
 

The translog models break down production costs into expenditures on 

capital, labor, materials consumed, and energy, and break down energy 

expenditures into expenditures on individual fuels. The estimation of 

these models required data for capital, labor, materials, and energy 

prices, expenditure shares and quantities of different forms of energy used 

by the various industries. The ASI details different forms of capital 

used, labor employed, materials consumed (both in quantity and value terms) 

in manufacturing, and also reports on eight different forms of fuels that
 

are consumed in each industry group, including coal, coke, coal gas,
 

firewood, charcoal, petroleum products, fuel oil, and electricity. Data on
 

petroleum products cover all forms including high sulfur distillate, low 

sulfur distillate, aviation fuel, and motor gasoline. Data on fuel oil 

include both furnace oil and other types of oils used in manufacturing. At 

the aggregate level, data pertaining to all eight forms of energy consumed 

and other economic indicators of production, such as output levels, value 

added by manufacture, and capital and labor employed, were collected in 

order to study the dynamics of manufacturing for the industry groups 

selected. For the econometric estimation of the translog models of energy 

demand, the data gathered on energy consumption included five major fuels: 

coal, coke, petroleum products, fuel oil, and electricity. The remaining 

three fuels were disregarded since their contribution to the overall energy 

consumption for these industries was found to be negligible, and hence 

computation of price elasticities for them would have no significant 

impact. Appendix A contains a detailed list of the data collected and 

their definitions. 
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Table 3-1. List of Industry Groups Covered
 

$I. Name of the ASI industry Industries included 
No. industry group group code no. in the group 
1 2 3 4 

1. 	Sugar and gur 207 207.1.1, 207.1.2, & 207.2
 
*Vacuum pan sugar factories (207.1.1)
 

2. 	 Tobacco manufacturing 220 220.1 to 220.6
 
*Cigarette tobacco mfr. (220.3)
 

3. 	 Spinning, weaving, and
 
finishing of textiles 231 231.1 to 231.9
 
*Cotton textiles (231.1)
 
*Jute spinning, weaving (231.2)
 
*Woolen textiles (231.3)
 

4. 	 Other textile-related
 
activities 232, 233, 239 232, 233, 239.1 to 239.9
 
*Cotton ginning, cleaning
 
and pressing (231.1)
 

5. 	 Paper and paper boards
 
and products 271 271.1 to 271.7
 
*Paper manufacturing for
 

writing, printing and
 
wrapping (271.2)
 
*Paper boards & straw board (271.4)
 

6. 	 Rubber products 300 300.1 to 300.4
 
*Rubber tires and tubes (300.1)
 

7. Basic chemicals including
 
fertilizers 311 311.1.1 to 311.1.3,
 

311.2.1, 311.2.2, 311.3
 
to 311.10
 

*Inorganic fertilizers (311.1.1)
 
*Inorganic heavy chemicals (311.2.1)
 
*Organic heavy chemicals (311.2.2)
 

8. 	 Petroleum refineries 321
 

9. 	 Miscellaneous products of
 

coal and petroleum 329
 

10. 	 *Cement (hydraulics) 334
 

11. 	 Iron and steel 341 341.1 to 341.6
 
*Iron and steel (metal) (341.1)
 
*Iron 	and steel castings
 
and forgings (341.3)
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Table 3-1. (Cont.)
 

1 2 3 4
 

12. 	 Shipbuilding and repairs 381 381.1 to 381.2
 

13. 	 Railroad equ±pment 382 382.1 to 382.3
 

14. 	 Motor vehicles manufacture
 
and repair 383 383.1 to 383.3, 384
 

15. 	 Aircraft manufacture 386
 

*Major industries belonging to the respective industry groups for 
which econometric estimation of transcendental logarithmic possibility 
frontier of both energy demand and aggregate input demand have been carried 
out covering the period 1965-66 to 1973-74. 

Construction and Computation of the Data Series
 
Used in the Econometric Estimation
 

The data required for estimating the energy demand transcendental 

logarithmic price possibility frontiers are the prices and cost shares of 

the various energy inputs. Similarly, the estimation of aggregate input 

demand (KLEM) translog cost functions requires data on the prices and cost 

shares of the four inputs: capital (K), labor (L), energy (E), and 

materials (M).
 

Fuel 	Prices
 

Energy expenditure in the fuel submodel for the various industries was
 

divided into expenditures on the five different forms of energy (coal, 

coke, petroleum products, fuel oil, and electricity). For some of the 

industries, only four forms of energy have been considered by excluding 

coke, which turned out to be negligible in the overall energy consumption. 

The quantities of fuels used by industry were all obtained from ASI 

publications (census sector,. Fuel prices have beer computed using 

expenditure values and their -espective quantities as follows:
 

i 
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where:
 

Pi is the price of ith fuel input
 

Fi is the expenditure of ith fuel
 

Ei is the quantity (in the original units) of the ith fuel.
 

The fuel prices thus calculated relate to different units of energy.
 

Using appropriate conversion factors, the unit of measurement for all
 

energy quantity data were converted into quadrillion joules. In some
 

earlier studies (Pindyck, 1979; Uri, 1979), the different forms of
 

petroleum were treated under one heading as 'oil.' We have instead treated
 

oil in two different forms, namely petroleum products and fuel oil,
 

respectively. This was done mainly because the unit prices calculated for
 

these two forms showed significant variations and hence, separate treatment
 

was warranted to arrive at separate price elasticities and estimate the
 

exact nature of price changes and related energy consumption.
 

Fuel Cost Share Data
 

Using the data collected for total energy expenditures and individual
 

energy expenditures for each of the fuels, the fuel cost share data were
 

computed as follows:
 

F
 
i
 

si F
 
ti
 

where:
 

i = 1, 2, ...5 for five different fuels
 

Si = the cost share of the ith fuel input
 

Fi = the expenditure of the ith fuel.
 

Price of Capital (Pk)
 

The measure of capital stock used in the analysis is the value of
 

fixed capital at a given time. The price of capital services was assumed
 

as 12 percent. Twelve percent was chosen as the social discount rate on
 

fixed capital investments in our analysis for the following reasons:
 



I. 	 The social discount rate, which is also the yield from marginal
 
public sector investment of the economy, is estimated at around
 
12 percent. This discount rate is being effectively used as the 
social discount rate for project selection by the Government of 
India. The social discount rate also determines the quantity and 
timing cf privata sector investments so this rate is being used 
as a surrogate for the price of capital. 

2. 	 Alternate studies (Williams and Laumas, 1980; Pindyck, 1980;
 
Halvorsen and Ford, 1978; and Lakshmanan and coauthors, 1980)
 
assume that the price of capital is a function of the rate of
 
interest on capital and the rate of depreciation. Depreciation
 
is an accounting concept devised Ij allocate the one-time
 
expenditure over the useful life of a project. Alternately, the
 
role of depreciation is perceived as a statutory regulation in
 
fixing the tax payments and there are different depreciation
 
models applicable in different cases (see Pindyck, 1980;
 
Halvorsen and Ford, 1978). Also in any developing economy, it is
 
observed that the interest rates on long-term loans do not
 
accurately reflect the cost of capital. (On many occasions, the 
interest rate is low compared to the cost of capital and the 
demand for these funds is far in excess of the supply.) It is 
also 	known that interest rates do not reflect the cost of capital
 
when there is significant Lnflation in the economy, as the 
replacement cost keeps increasing while the interest is paid on
"cheap' loans obtained 
earlier. Thus any combination of those
 
rates cannot be expected to reflect the cost or price of capital.
 
Since the social discount rate is obtained by considering the 
second best option (which is the only feasible option), this 
study assumes the social discount rate, which is a nationally
 
accepted parameter, as a surrogate for the price of capital.
 

3. 	 The various approaches toward the estimation of opportunity cost
 
of capital (OCC) in border prices are summarized below:
 

Using macro data:
 

Marginal Productivity of Capital: "q"
 

(Incremental output) (Incremental employment) Marginal productivity) 
(Capital) (Capital x of labor ) 

= (indomestic prices)
 

The above adjusted for variance in market and social prices (due to market
 
distortions) equals
 

SCF
 
q*

CFk 
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where:
 

SCF = standard conversion factor
 
CFk = conversion factor for capital goods
 

q* x a = oppcrtunity cost of -apital in border prices (OCC).
 

Where 'a' is the ratio of net to gross capital output ratios to account for
 

the loss of productivity of capital.
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A preliminary estimate obtained using a macro model indicates q* as
 

0.19 and the opportunity cost of capital as 0.12 (12 percent), which is the
 

social rate of discount (SRD) used.
1
 

1. The computation of SRD using macro data (from Gupta, 1979) is as
 
follows:
 

Incremental output capital ratio
 
Y)) = 0.25
 

Di) 

Incremental employment capital ratio)
 
to marginal productivity of labor) 0.023
 

L x PL
 

Therefore, marginal productivity of labor "q" 0.25 - 0.023 0.22. 

Conversion factor for capital goods (CFk) 0.176
 

Standard conversion factor (SCF) = 0.66
 

Therefore, "q'adjusted for variance between market and social prices.
 

SCF 0,66
q* = q x CF = 0.22 x = 0.19 

Therefore, opportunity cost of capital (OCC) after accounting for
 
usage of capital and rental charges is around 0.12 (12 percent).
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Estimate of Accounting Rate of Interest (ARI)
 

For evaluation of public sector investments, Deepal Lal (1980) has
 

arrived at an alternate estimate of the social rate of discount of 11
 

percent using the accounting rate of interest technique.
 

Social Rates of Return Using Effective Protective Rates
 

The weighted average of the social rates of return computed for fifty 

industries of the census sector of the Annual Survey of Industries using 

effective protective rates is 10 percent (Lal, 1975). However, this 

estimate needs further revision and updating since the data employed for 

computation pertains to 1968. The alternate estimate arrived at using the 

accounting rate of interest shows social rates of return o' 11 percent. 

The studies conducted by the World Bank (1980) for Turkey and by Partha Das 

Gupta (1979) for the Indian economy using macro data have shown the social 

rate of discount (SRD) as ranging from 12 to 13.5 percent. Hence there 

appears to be no significant departure from other established estimates in 

our use of 12 percent as the cost of capital. 

Price of Labor (PL)
 

The price of labor has been determined implicitly for each industry by 

dividing labor expenditures by the total man hours of employees. Expendi

tures on labor include wages and salaries plus supplements paid to the 

manufacturing sector. The data regarding the expenditures on labor and 

total man hours of employees in the manufacturing industries are reported 

in the Report on Labor Statistics published by the Central Statistical 

Organization (CSO).
 

PL Total Labor Expenditure
 
= Total Man Hours of Employees
 

Price of Aggregate Energy Use (PE ) 

Some of the earlier studies (Pindyck, 1980; Lakshmanan and coauthors,
 

1980) have implicitly used the energy demand translog cost function itself 

to specify and estimate an aggregate price index of energy. Another 

approach followed i1 to construct an approximate index of energy as a means 



48
 

of aggregation (Jorgenson, 1977; Berndt and Wood, 1975). In our study, we
 

have adopted a simple approach by dividing total energy expenditure (, Fit )
 

by the aggregate energy quantity index (Et). All of the energy input
 

sources were coverted into quadrillion joules and aggregated using relative
 

price weights to obtain the aggregate energy quantity index. In other
 

words:
 

Fit
 

Et Et
 

Pi F
 

where:
 

i = fuel type, 1, ..., 5
 

PEt = aggregate energy price index at time "t'
 

eFit total expenditure on different forms of fuel inputs at time
 
t,
i 


E *= weighted sum of individual energy types at time t'
 

=iE + z X E 
it it 2t 2t nt nt
 

Where the weights are denoted as
 

Xit : it
 
Pit
 

where PI price of energy type 1 in the base year
 

Hence,
 

E E + ( P 2t P3t) + + (Pnt)

t it Pit (Pit Pit3t P nt
 

Note: See Turvey and Nobay (1965) for use of a similar aggregate
 
energy quantity index.
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Price of Materials Input (P )
n 

The data reported on the total expenditure on all basic materials and
 

the quantities used in manufacturing by the various industries have been
 

collected from the Annual Survey of Industries. The price of materials
 

inputs was obtained by dividing the total expenditures by the quantities
 

used. That is,
 

P EMi

i
 

where:
 

i = 1, ... n materials consumed 
Mi =expenditure o'Ni th material.
 
QMi quantity of i material
 

In those cases where the units of measure for quantities of materials were
 

not comparable, units which comprises at least 85 percent of the total
 

materials were viewed as an approximate measure of the total and
 

accordingly, PM was computed using these in each case. The raw materials
 

inputs used in the analysis exclude intermediate products, that is, goods
 

produced within the factory and consumed for further manufacture.
 

Cost Share Data of KLEM Inputs
 

The total cost of the fours inputs: capital (K), labor (L), energy
 

(E), and materials (M) were obtained as the summation of the expenditures
 

on these four inputs by manufacturing. That is,
 

Total costs 'G' = PKK + PL: + PEE + PMM 

Where PKK is the expenditure on capital. Expenditures on capital services
 

were obtained by subtracting labor expenditures from value added.
 

PLL = the expenditure on labor
 

PEE = the expenditure on energy
 

PMM = the expenditure on materials
 



50
 

The cost shares of each of the four inputs have been computed as follows:
 

KPK
Cost share of capital SK K 

G 

PL
 
Cost share of labor SL L
 

G
 

PE
 
Cost share of energy SE L
 

G 
P 

Cost share of materials S. M
 
G
 

Table 3-2 provides a detailed list of all the factor input intensiuy
 

indices and other parameters developed in the study, along with data
 

constructed for the econometric estimation. The description of computation
 

in each has also been discussed. Table 3-3 gives details on the sample size
 

of data used for econometric estimation of translog models of energy demand
 

and aggregate input demand for the three time periods, 1965-1969,
 

1969-1974, and 1965-1974.
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Table 3-2. Computation of Factor Input Intensities and Other Parameters
 

No. Parameters 

1 2 


1. 	Capital Intensity (K/V)
 

Fixed capital intensity 


Productive capital 


intensity 


Invested capital 


2. 	Labor Intensity (L/V) 


3. 	Capital/Labor Ratios (K/L) 


Fixed capital/labor ratio 


Productive capital/labor 

ratio 


Invested capital/labor 

ratio 


4. 	Materials Cost Intensity 


(M/V) 


5. 	Energy Cost Intensity 


(F/V) 


Definition Units 
3 4 

Fixed capital Rs. in millions
 

Value added Rs. in millions
 

Productive capital
 
Value added
 

Invested capital
 
Value added
 

Total number of employees Thousands (Nos)
 

Value added Rs. in millions
 

Rs. in millions
 
Thousands (Nos)
 

Fixed capital
 
Total number of employees
 

Productive capital
 
Total number of employees
 

Invested capital
 
Total number of employees
 

Material cost Rs. in millions
 

Value added Rs. in millions
 

Total expenditure of fuels Rs. in millions
 

Value added Rs. in millions
 

ii
 
V
 

i 1, ... , 8 = 8 forms of 
fuel inputs 

Fi the expenditure on ith 
fuel 
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Table 3-2. (Cont.) 

1 2 3 4 

6. Proportion of energy Expenditure on each fuel Rs. in millions 
cost by source to Overall expenditure on energy Rs. in millions 
aggregate energy 
Expenditures = Fi 

F 

Where i = I, , 8= 8 forms 

on i fuel 
Fi = the expenditure on ith 

fuel 

7. Energy intensity (E/V) Aggregate energy consumed = Quadrillion joules 

value added Rs. in millions 

Fi 
V 

i = 1, ... , 8 eight different 
forms of fuel inputs 

where E s the energy 

is the It fuel input. 

8. Proportion of energy Quantity consumption of 
consumption by source each fuel input Quadrillion joules 
to aggregate energy Aggregate energy consumption Quadrillion joules 
consumption Ei 

El 
i 

Wherei=I, ... , 8 = 8 

different forms of fuel inputs 

Where E4 the qV~ntity 
consumption of i fuel input 

9. Composite index of 
energy (CIE) W E 

i i 
V 

where i = 1, ... , B 8 different 
forms of fuel input3 

where W = the weightagef it expenditure 
= quantity of iL' fuel consumed 

Vi value added by manufacture 
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Table 3-2. (Cont.)
 

1 2 	 3 4 

10. 	Price intensity of Expenditure of each fuel inpv't Rs. in millions
 
energy by source Value added Million tonnes
 

Quantity of each fuel consumed or
 
Value added Quadrillion joules
 

F

i
 
Ei
 

where Fi = e
t expenditure on
 
i fuel
 

Ei = the expenditure on
 
the same i F, fuel
 

V = the value added by
 
manufacture
 

11. 	 Data computation made for
 
econometric estimation of
 
translog functions
 

Energy cost function:
 

a. Prices of Expenditure on different Rs. in millions
 
different forms forms of energy Quadrillion joules
 
of energy Quantity consumption of
 

different forms of energy
 

coal (PI) 	 Fi
 
coke (P2 )
 
petroleum products (P3) Ei
 
fuel oil (P4)

electricity (P5)
 where Fi 
= t g expenditure 
on
 

i fuel
 
Ei = the qu~etity of the
 

same i' fuel
 

b. Cost share of 	 Expenditure on each
 
energy inputs form of fuel
 

Overall expenditure on energy
 

coal ($I) F,
 
coke (S,)
 
petroleum products (S3 ) f
 
fuel oil (S4) i
 
-electricity (S5) where i = 1,2,3,4 or i = 1,2,3,4
 

different forms of fuel inputs
 



54
 

Table 3-2. (Cont.) 

2 3 4 

Aggregate Input Cost Function: 

a. Prices of factor 
inputs 

Capital (PK) Using 12% as the social 
discount rate of 
fixed capital 

Rs. in millions 

Labor (PL) Total wages and salaries 
to all employees 

Total man hours worked 

Rs. in millions 
Hours in millions 

Aggregate 
energy (PE) 

Total expenditure of 
fuels consumed 

Aggregate quantity 
consumption index 

Rs. in millions 
Quadrillion joules 

Materials (P ) Total cost of 
materials consumed 
Quantity consumed 

Rs. in millions 
Million tonnes 

b. Cost share data 
of LEM inputs 

Capital (SK) pKK 

G 

where G = total cost 

PKK + PLL + PEE + PMM 

and PK9 PL? PE' and PM: 

prices and inputs of KLE & M 
respectively 

Labor (SL) PLL 

G 

Energy PEE 

G 

Materials (S 
ML 

p 
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Table 3-3. Sample Size by Industry for the Econometric Estimation of
 
Translog Cost Functions of Energy Demand and Aggregate Input
 
Demand 

Si. Name of the ASI code Sample size 
No. industry number 1965-69 1970-74 1965-74 
1. Vacuum par. sugar factories 207.1.1 43 44 87 

2. Cigarette & tobacco mfr. 220.3 9 9 18" 

3. Cotton spinning, weaving 
- textiles 231.1 54 54 108** 

4. Jute spinning, weaving 231.2 15 16 31 

5. Woollen spinning, weaving 
- textiles 231.3 26 27 53 

6. Cotton ginning, pressing, 
etc. 239.1 35 33 68 

7. Paper manufacture for 
writing, wrapping, etc. 271.2 26 31 57 

8. Paper boards & straw boards 271.4 25 31 56 

9. Tires and tubes 300.1 18 35 53 

10. Inorganic fertilizers 311.1.1 18 22 40 

11. Inorganic neavy chemicals 311.2.1 27 33 60 

12. Organic heavy chemicals 311.2.2 13 16 29 

13. Petroleum refineries 321 11 11 22 

14. Cement (hydraulics) 334 26 28 54 

15. iron & steel (metal) 341.1 47 53 100 

16. Iron & steel 
- casting and forgings 341.3 44 47 91 

17. Nonferrous metal 342 24 21 45 

Note * Minimum sample size. 
**Maximum sample size. 



Chapter 4
 

DYNAMICS OF MANUFACTURING
 

The empirical investigation consists of the three stages. The first is a 

study of the trends in factor input intensities and other parameters of 

production. In the second stage, the interaction and interrelationships 

between factor inputs are estimated. Estimating the price elasticity and
 

interfuel substitution possibilities of different forms of energy, and
 

determining substitution possibilities among major factor inputs form the
 

last stage of our analysis. Below we discuss each of these stages in
 

detail.
 

Factor Input Intensities and Industry Rank
 

Capital Intensity
 

Since their inception, the national plans have called for substantial
 

investment in the manufacturing sector. In this process, the industrial 

sector of India has experienced a significant degree of capital deepening,
 

clearly observed in the increase in capital intensity (K/V), wnicn is
 

computed as the relative contribution of various forms of capital employed
 

to value added by manufacture.
 

Three forms of capital--fixed capital, productive capital, and 

invested capital--have been considered in our analysi3. The intensity 

factors for each form of capital have been calculated and are shown in 

table 4-i for the sixteen major industry groups. Most of tne industry 

groups experienced an increase over the years Ln the value of the three 

forms of capital intensity. This implie3 tnat the rate of capital expan

sion was greater than the expansion of value addeJ. Whiie the capital 

intensity factor computed for the period 1963 to 1)71 taries consiierably, 
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the overall increase for all industry groups can be traced to the perfor

mance of the industrial sector and the investment climate that prevailed
 

from 1966 to 1969 and the earlier planning periods.
 

A retrospective look into the Second Five Year Plan (1956-1961)
 

indicates that there was a strong emphasis during this period on broadening
 

the industrial base of the economy. Priority was given to investment goods
 

industries. The share of planned investment in the organized manufacturing
 

sector during the second plan period was over three times (about 19
 

percent) the investment in this sector during the first plan period
 
(1951-1956) (Planning Commision, Government of India, 1960). Consequently,
 

a larger share of fixed capital investments were pumped into the organized
 

industrial sector of the economy. However, during the eight years which
 

comprised the third plan (1960-61 to 1965-66) and the subsequent annual
 

plans (1966, 1967, 1968), industrial progress was markedly uneven. The
 

economy was subjected to considerable stress and strain and the growth rate
 

of industrial production declined, first slowly and then steeply until it
 

reached virtual stagnation. The annual increase in industrial output
 

(using 1960 as the base) was
 

Percent increase Period
 

8.2% 1961-62
 
9.6% 1962-63
 
9.2% 1963-64
 
8.2% 1964-65
 
4.3% 1965-66
 
1.7% 1966-67
 
0.3% 1967-68
 

The sharp deterioration in the rate of growth which occurred in the last
 

three years was attributable to two main actors: serious dislocations
 

caused by the Indo-Pakistan hostilities in 1965-66, and two successive
 

droughts. Related to the decline in the rate of growth oP output, the rate
 

of growth of value added also slowed sharply, resulting in an increase in
 

the relative share of capital employed to value added in manufacturing 

during the period 1966-1969. In otner words, the capital that was pumped 

into the economy during the earlier periods was not put to productive use 

due to underutilization of capacity. 
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Labor Intensity
 

The labor intensity factor (L/V) (computed as the relative
 

contribution of total workers employed to value added by manufacture) 

showed a consistent decline over the years 1960-1970 for most industry 

groups. This phenomenon could be explained by: 

1. 	a significant increase in the rate of growth of value added 
compared to the increase in the rate of growth of total 
workers employed; 

2. 	 a decrease in the rate of growth of both value added and 
labor employed, b.:t the rate of growth of labor employed 
decreasing at a higher rate than the decrease in the rate of 
growth of value added; 

3. 	 a decrease in the rate of growth of total workers employed 
associated with an increase in the rate of growth of value 
added. 

For the period in question, the decline in labor intensity observed 

for the manufacturing industry groups considered in our analysis provides 

an example of all the three above-mentioned circumstances. For example,
 

the decline observed for the period 1963-64 and for the period 1968-1970
 

was attributable to the significant increase in the rate of growth of value
 

added compared to the increase in the rate of growth of total workers 

employed; the period 1964-1967 exhibited a decrease in the rate of growth 

of both labor employed and value added, but growth in labor employed 

decreased at a faster rate compared to value added; and the decrease in 

labor intensiy for the period 1962-63 resulted from a decrease in the rate 

of growth of total workers employed associated with an increase in the rate 

of growth of value added. The data given in table 4-2 for the sixteen 

industry groups considered provides evidence of these three sets of 

circumstances. 

The deom.ase in labor intensity over this period, while disturbing, is
 

not 	 altogether unexpected in view of the industrial policies and programs 

followed. As pointed out earlier, 9tarting with the Second Five Year Plan
 

(1956-1961), and especially since the Third Five Year Plan (1961-1966), 

much of the investment expenditure in the organized manufacturing sector 
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Table 4-2. Percent Increase in Total Workers Employed and Value Added by
 
Manufacture Over Preceding Year (1962-1970)
 

Year Total workers employed Value added
 

1962 7.5 9.3
 
1963 4.8 
 11.3
 
1964 7.8 
 15.6
 
1965 3.7 
 12.8
 
1966 1.2 
 8.6
 
1967 -0.7 
 3.3
 
1968 2.3 
 9.0
 
1969 3.3 
 18.2
 
1970 4.6 
 20.4
 

went into basic and heavy industries such as iron and steel, paper,
 

engineering, chemicals, cement, and nonferrous metals. This policy
 

resulted in a high degree of capital deepening in the industrial sector,
 

and coupled with the relatively long gestation periods of the projects
 

undertaken, it 3ubstantially decreased labor to value added ratios for
 

Indian industry as a whole. This trend was also representative of the
 
constraints in choice of technology that a developing country faces when
 

importing technologies suitable only for very different factor price
 

ratios.
 

Capital/Labor Ratios
 

The ratio of capital employed to total workers is also a useful 

indicator of changes in factor intensity resulting from technical progress 

and can be seen as a measure of the relative performance of both the 

factors in question. The capital/labor ratio computed for the industry 

groups in our analysis showed a continuous and pronounced upward trend for 

the period in question (see table 4-1). This came about in part on account
 

of considerable emphasis by the government during the second and third
 

plans on the growth of process-oriented industries, which are basically
 

capital intensive. As would be expected, the increase in capital/laoor 

ratios due to increasing application of capital in the manufacturing 
industries was not accompanied by matching increases in the total number of
 

workers employed.
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Materials Cost Intensity
 

The materials cost intensity factor (M/V) computed for different 

industry groups showed a steady increase over the period covered for most 

industries (see table 4-1). Both in labor-dominated and mchine-dominated 

manufacturing processes, materials requirements tend to vary directly with 

output levels. The increase in materials cost intensity is attributable 

mainly to the expansion and diversification of capacity in the heavy 

engineering and engineering goods industries over this time period. 

Further, these capacity increases took place at a time when domestic demand 

was at a lower level and the value of output did not keep pace with 

materials costs due to depressed product prices and demand. Increases in 

raw materials prices consequent to devaluation, however, also led to an 

increase in the materials costs intensity of various industry groups. 

Energy Cost Intensity and Energy Intensity
 

The energy cost intensity factor (F/V) observed for the industry
 

groups analyzed showed an increasing trend over the period, while the
 

energy intensity factor (E/V) showed a declining trend for most industries.
 

This occurred in part due to the rise in prices of energy relative to
 

industrial products during this period. From a common base of 100 in 1961,
 

fuel and energy costs rose to 132.5 in 1966 as against 125.5 for
 

manufactured products. Another important factor behind this phenomen was
 

the decline in industrial production which took place in 1c66-67, resulting
 

in underutilized capacity and higher energy consumption per unit of output
 

in some industry groups.
 

The decline in the energy intensity factor (E/V) observed for the 

industry groups over the period, though a favorable feature, is not 

altogether a reflection of real energy savings for the sector as a whole. 

Full energy savings potential car. only be realized with further utilization 

of industrial capacity. The period between 1966-1969 witnessed virtual 

stagnation in the growth of the industrial sector and prevented the 

exploitation of industrial potential. Consequently, even though the real 

demand for energy remained suppressed it did not result in full energy 

efficiency because output was disproportionately lower. Nevertheless, 

despite a decline ir the rate of growth of value added, the energy 

intensity factor declined over the years covered. 
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Composite Index of Energy (CIE)
 

Besides the energy cost intensity and energy intensity parameters, the
 

composite index of energy (CIE) has been introduced as yet another
 

parameter of energy analysis. As a single parameter, it has the advantage
 

of taking into account both energy consumption and energy cost aspects of
 

different forms of energy consumed by the industry groups. Any change in
 

the unit cost of different forms of energy consumed by an industry group 

results in either an increase or decline of CIE depending on the proportion
 

of different forms of energy consumed by that industry group. In short, 

CIE is sensitive to:
 

1. weight of each fuel expenditure to total expenditure on 
energy
 

2. 	 percentage contribution of each fuel to aggregate energy 
consumption 

3. 	 unit cost of different forms of energy.
 

The CIE computed for the sixteen industry groups exhibited a varying
 

trend over the years (see table 4-1). A number of industry groups--sugar,
 

tobacco manufacture, cotton and other textiles, petroleum refineries,
 

miscellaneous products of coal and petroleum, cement, iron and steel,
 

shipbuilding, railroad equipment, and motor vehicle manufactur'e--showed a 
decreasing trend over the years, while the remaining industry groups showed 

an increasing trend. The increases observed in some cases and decline in 

others in the computed value of CIE are attributable to the nature of 

industry groups, their energy consumption patterns, and their associated 

cost 	of energy.
 

The two energy factor intensities observed for the industry groups 

showed varying trends, but aggregate energy (E/V) mostly declined, while 
the aggregate energy cost intensit' factor (F/V) increased for most of the 

industry groups. In many cases where the increase in the energy cost 

intensity factor was significant despite a decrease in the energy intensity 

factor, the CIE showed an increasing trend. On the other hand, for tnose 

industry groups for whicn the increase in the energy cost intensity factor 

has not been significant, there i3 a decrease in the comted value of CIE.
 

Much of these variations in CIE observed for the industry groups are 
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explained by studying the extent of influence that the prices of fuels 

exert on energy consumption. An analysis of energy cost intensity by 

source and proportion of energy cost (by source) to aggregate energy 

expenditure was carried out ir. order to shed light on the sensitivity of 

energy consumption to energy pricing (see the next major section in this
 

chapter).
 

Performance Evaluation of Industry Groups Using Factor Input Intensities
 

and Other Parameters of Production
 

The rankings for the sixteen industry groups based on the factor input
 

intensities and other parameters covering four years (1963, 1966, 1969,
 

1971) are presented in table 4-3. The rank matrix determines the 

comparative roles of various input factors which have a bearing on the 

relative performance of each industry group. While indicating the 

performance of the industry groups over these years, the rank matrix also
 

provides information on the nature of the production process.
 

The ranks observed for each industry group related to specific factor
 

input intensities considered independently do not show perceptible change
 

(see table 4-3). This implies that over the years the industry groups have
 

more or less maintained their relative positions. A detailed analysis of
 

the ranks based on each of the factor input intensities and other 

parameters is presented below. 

All three forms of the capital intensity factor (K/V) resulted in a
 

high ranking for the machine-dominated industries like sugar, paper, basic
 

chemicals, petroleum refineries, miscellaneous products from coal and
 

petroleum, iron and steel, and cement, indicating the relatively large
 

amounts of capital used in these industries. On the other hand, industries
 

like tobacco manufacture and rubber and rubber products rank very low based
 

on these capital factors. Since plantation activity forms an integral part
 

of these two industry groups, capital requirements are relatively low and
 

hence the capital intensity factor is correspondingly low. Plantation
 

activity involves a relatively high labor input and accordingly, the labor 

intensity factor (L/V) associated witl tobacco and rubber was found to be 

moderately high. The textile industry group showed the hignest labor 

intensity ratio among all sixteen industry groups. Spinning and weaving, 

which i.S part of this industry group, is a 1abor-dominated process, and as 
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a consequence of government policies encouraging handloom weaving on a 

large scale, the rate of growth of labor employed in this industry has 

increased at a rate greater than the rate of growth of value added. On the
 

other hand, petroleum refineries, being process oriented, exhibited the 

lowest labor intensity in these years. The basic chemicals and nonferrous 

industry groups also showed low levels of labor intensity. 

Among the sixteen industry groups, the other textile group showed the
 

lowest capital/labor ratio (K/L) for all three forms of capital considered.
 

This, coupled with tihe fact that it has the highest level of labor
 

intensity among al! industry groups, confirms that the nature of processes
 

used to be predominantly labor intensive. The highest capital/labor ratio
 

occurred in petroleum refineries, confirming the capital intensity of the
 

oil refining process.
 

The ranks observed for the industry groups based on the materials cost
 

intensity factor (M/V) showed industries whicn are basically fabricating
 

units--such as aircraft manufacture, railroad equipment, and shipbuilding 

and repairing--as relatively less materials cost intensive compared to 

those industries which are process orientea, such as iron and steel, 

nonferrous metals, sugar, chemicals, and predictably, petroleum refineries. 

Fabricating industries are dominated by capital and labor inputs, the main 

elements in the production process. On the other hand, the operations of 

process industries are materials dominated and accordingly they show higher 

materials cost intensity. 

The ranking of industry groups based on the three energy factors-

energy cost intensity (F/V), energy intensity IE/V) and composite index of 

energy (CIE)--exhibited considerable consistency in relative terms despite 

the varying trends observed when considering the factor ratios themselves. 

As expected, the ranks for process industries--sugar, paper mill, basic 

chemicals, coal and petroleum products, cement, iron and steel, and 

nonferrous metals--were found to be relatively high for both the energy 

parameters. This obviously reflects the hiign degree of dependency on 

energy inputs in the processes of these industry groups. i contrast, the 

lower level of energy intensity seen for the petroleum refineries group is 

surprising. The tobacco and cigarette manufacture industry group also 

exhibited low levels of energy intrn.ity. 3asically, the raw materials 



66
 

input in this industry group does not undergo any major process change and 

hence energy consumption is relatively low.
 

Measurements of Association Among Factor Input Intensities and
 

Other Indicators of Production
 

Production involves integration of the basic major inputs like capital 

(K), labor (L), energy (E), and materials (M). Determining the measure of 

association among these major categories of inputs can provide valuable 

insight for decisionmakers in evaluating the performance of each industry 

group and assessing measures which would be most desirable for use of the
 

country's resource endowment.
 

Measures of association among the parameters of production have been
 

estimated in two different ways, by using:
 

1. a rank correlation of the ranks established for the industry
 
groups, based on factor input intensities and otner
 
indicators
 

2. the Kendall coefficient of concordance, W.
 

Rank correlation measures the degree of association between two ranking
 

schemes. For example, if there is perfect conformity in the order of ranks
 

between different parameters, then the rank correlation is significantly 

positive, implying that the ranks of one parameter tally with that of the
 

other. On the other hand, if the rank correlation is significantly
 

negative, then the ranks between the parameters are perfectly opposite.
 

W-statistics also measure the degree of association among several ranking
 

factors. W-statistics computed usually lie between 0 and 1, with W = 0
 

indicating the ranks based on the two factors to be completely random,
 

meaning the ranks of the parameters are exactly opposite; and W = 1
 

indicating perfectly stable rankings for the parameters. The significance
 

of W-statistics car be determined by computing Chi-square values, since the
 

W-statistic follows the Chi-square distribution for large samples (n
 

greatar than 7).
 

The basic difference between the two techniques is that W-statistics 

determine tne degree of association among several ranking factors, whereas 

rank oorrelation expresses the degree of association between two ranking 
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factors only. However, in our study one technique has been employed as a
 

conformity test for the other in order to measure the degree of
 

association.
 

The rank correlation of parameters applicable for each year (1963,
 

1966, 1969, and 1971) is presented in appendix B. Table 4-4 indicates the
 

W-coefficient and Chi-square values computed for various combinations of
 

parameters of production. Given below is a detailed analysis of the
 

measure of association among these parameters.
 

The productive capital intensity factor (K/V) showed poor negative
 

correlation with the labor intensity factor (L/V) significant positive
 

correlation with the capital/labor ratio (K/L), and poor positive corre

lation with materials cost intensity (M/V), energy intensity (Ely), and
 

composite index of energy (CIE). The negative correlation observed
 

indicates an opposite relation existing between capital intensity (K/V) and
 

labor intensity (L/V). The W-statistics computed showed W = 0.37 for 1963,
 

and W = 0.31 for 1971, and the corresponding Chi-square values indicated a
 

very poor degree of association between the two parameters. This clearly
 

shows the opposite trend of capital intensity (K/V) and labor intensity
 

(L/V); that is, high (low) capital intensity is associated with low (high)
 

labor intensity.
 

The significant positive correlation observed between capital
 

intensity and the capital/labor ratio (K/L) and between capital intensity
 

and energy cost intensity (F/V) indicates conformity of ranks. This,
 

coupled with significant W-statistics, indicates the high degree of
 

association of the two parameters K/L and F/V and capital intensity (K/V).
 

This implies that a capital intensive industry is energy cost intensive,
 

and an increase in the capital intensity factor leads to a corresponding 

increase in the capital/labor ratio. 

Even though factors like materials cost intensity (M/V), energy 

intensity (EMV), and composite index of energy (CIE) have shown poor
 

positive correlations with the capital intensity factor (K/V), the increase
 

in correlation observed over the years indicates an increasing association 

between K/V and the other factors in question. The increase observed in 

W-statistics computed between capital intensity and materials cost
 

intensity and energy cost intensity, respectively, further supports the 

finding of increased a3sociation, implying improved conformity of ranks 



Table 1[-1. The Kendall Coefficient 

-Parameters (Criteria) 

1. Capital intensity (K/V) 

vs. labor Intensity (L/V) 


(K 	= 2, N = 16, Df = 15)
 

2. Capital intensity (K/V) 


vs.capital/labor ratio (K/L) 


(K 2, N = 16, Df = 15)
 

3. 	 Capital Intensity (K/V) vs. 
energy cost intensity (F/V) 
(K = 2, m = 16, Dr = 15) 

4. Capital intensity (K/V) vs. 


of Conoordance "W" 

Years 
196T ____W__1969 1971 

0.37 0.317 0.324 0.310 
(11.25) (9.52) (9.74) (9.30) 

0.72# 0.77# 0.83* 0.81* 
(26.12) (26.95) (31.6) (30.04) 

0.61 0.79# 0.80# 0.78# 
(23.49) (27.91) (29.76) (27.35) 

0.50 0.43 0.48 0.52 
materials cost intensity (M/V) (16.49) (13.05) (14.47) (18.04) 
(K 	= 2, N = 16, Df - 15)
 

5. Capital intensity (K/V) vs. 

energy intensity (E/V) 
(K = 2, N = 16, DC = 15) 

6. L.abor Intensity (L/V) vs. 
captAnl/labor ratio (K/L) 
(K = 2, N = 16, Df = 15) 

7. Energy cost Intensity (F/V); 
energy intensity (E/V) and 
composite index of energy (CTE) 
(K = 3m N = 16, Df = 16) 

0.51 0.53 0.57 0.578 
(16.57) (19.94) (21.66) (21.79) 

0.46 0.30 0.32 0.28 
(13.94) (8.57) (9.72) (8.22) 

0.61# 0.65# 0.78# 0.73# 
(31.12) (31.33) (38.14) (36.14) 

Note: Figures in parentheses indicate Chi-square values.
 

* Indieates significance at 99 percent and 95 percent confidence. 

11Indicates significance at 95 percent confidence. 

K = number of" combinations of parameters.
 

N = number of entities or industry groups.
 

DC = degrees of freedom = (N - 1).
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between capital intensity and other factors considered. Hence, it can be
 

said that high (low) capital intensive manufacture leads to high (low) 

materials cost intensity and high (low) energy cost intensity. 

Considering the rank correlation of the labor intensity factor (L/V) 

with other factors, L/V showed a consistently significant negative
 

correlation with the capital/labor ratio (K/L) over the years, signifying
 

an opposing trend between the two parameters. A low (high) labor intensive
 

industry often possesses a high (low) capital/labor ratio. In other words,
 

capital employed per unit of labor is relatively low (high) in a high (low)
 

labor intensive manufacture. The very low value of the W-statistic
 

observed for L/V and K/L further validates this point. This phenomenon,
 

coupled with our earlier finding of an opposite relationship existing
 

between capital intensity and labor intensity, indirectly indicates the
 

high degree of substitution possibilities prevailing between capital and
 

labor inputs of the manufacturing industries.
 

The rank correlation observed for the remaining parameters such as 

materials cost intensity (M/V), energy cost intensity (F/V), and composite 

index of energy (CIE), does not show any perceptible link with the labor 

intensity factor (L/V) implying that no definite relation can be identified 

between labor intensity and the parameters in question. However, labor 

intensity did show a very weak negative correlation with the energy 

intensity factor (Ely) over the years, indicating the poor levels of 

substitution existing between these two factors. While it may be expected 

that a similar trend exists between labor intensity, and energy cost 

intensity, and energy cost intensity also, it is not obvious. 

As such, the productive capital/labor ratio (K/L) bears no significant 

relation with other parameters (such as M/V, F/V, E/V, and CIE) and hence 

no significant correlation can be expected. The poor correlation exhibited 

for the parameters in question indicate a varying degree of association 

between them. Similarly, materials cost intensity (M/V) exhibited poor 

correlation with parameters such as energy cost intensity (F,'V), energy 

intensity (E/V), and CIE, signifying a varying pattern of association 

between these variables across industries. 

The rank correlation observed over the years between any two of the 

three energy parameters, namely energy cost intensity (F/V), energy
 

intensity (E/V), and composite index of energy (CIE), showed a significant
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positive correlation. This correlation indicates perfect conformity of
 

ranks among these ratios. The significant W-statistics of the three
 

factors taken together lend support to the high degree of agreement in the
 

ranks of these parameters. The strong correlation and high degree of
 

association observed for the energy parameters is consistent with the fact
 

that high (low) energy intensity leads to a corresponding high (low) energy
 

cost intensity. Since the composite index of energy (CIE) has been
 

computed reflecting both cost and quantity aspects of energy, it is natural
 

that its ranking is consistent with the other two parameters.
 

Nature of The Interaction Between Factor Inputs in Manufacturing
 

Trends in the interaction of various factor input intensities are
 

further analyzed in this section. This analysis provides insight into the
 

changes in input costs and their implications for optimal use of factor
 

inputs. Furthermore, insight is also obtained on the structural changes in
 

industry groups over time in addition to evaluating the technologies
 

employed.
 

Looking back at table 4-1 and at appendix B, the relative changes
 
between productive capital intensity and labor intensity factors can be
 

seen. There is evidence that there has been a continuous shift toward 

increasing capital intensity and decreasing labor intensity. Basic 

chemicals, miscellaneous products of coal and petroleum, cement, iron and 

steel, and nonferrous metals are some of the basic industries exhibiting 

these trends. None of the industry groups showed significant movement 

toward greater labor intensity. 

In contrast, over the years, both energy cost and capital intensities
 

showed an increasing trend in many industries, due in oart to modernization
 

of production processes. The high energy and capital intensive pace of
 

production in the cement industry is clearly visible. The movement of the
 

nonferrous metals industry toward the high capital intensity axis is also
 
significant. Similarly, materials cost and capital intensities have 

increased in many industries. This is partly a consequence of the 

expansion of capacity in most of the industry groups. 

The labor intensity (L/V) versus energy cost intensity (F/V) 

relationship over time can also be seen in table U-1 . Most industries 
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have shifted toward higher energy cost intensity. The cement, iron and
 

steel, and nonferrous metals industries have become highly energy cost
 

intensive. One exception is the sugar industry group. The significant
 

change observed for the sugar industry in energy cost intensity is clearly
 

seen from the movement of the industry over the years toward a lower energy
 

cost intensity. This is attributable mainly to the use of bagasse, a waste
 

product of the industry, for its own energy purposes. Furthermore, none of
 

the industry groups showed a significant increase toward labor intensity.
 

The variations in materials cost intensity (M/V) versus energy cost
 

intensity (F/V) over time indicate an increase in the intensity ratios of
 

both the parameters. Energy intensive industries (such as cement, iron and
 

steel, and nonferrous metals), however, experienced a sharp increase in
 

energy cost intensity compared to the materials cost intensity. The other
 

textiles, sugar, and miscellaneous products of coal and petroleum industry
 

groups showed the opposite trend, indicating a comparatively higher
 

dependence on materials.
 

The movement of industries toward higher energy and materials
 

intensities clearly shows the increasing importance of these two
 

parameters. Efforts should be initiated in terms of identifying new
 

research programs for energy and resource conservation. For example,
 

energy cost intensive industries can undertake research to develop
 

alternative processes which consume less energy. Similarly, materials cost
 

intensive industries can direct their research efforts toward developing 

new production processes and efforts such as waste reduction, waste 

recycling, and materials substitution. 

Interaction and Interrelationship Between Factor Inputs of Production
 

In the previous section, we were concerned with the problem of
 

measuring the degree of association among major factor inputs of production
 

based on the relative ranking of different industry groups. The aim of
 

this section is to study interindustry variations in the ratio of factor
 

inputs to value added and to analyze the interaction between factor input
 

intensities and the structure of production.
 

The relationships between various factor input intensities and other
 

parameters were estimated by computing simple correlation coefficients for
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the different industry groups using data for the years 1963 to 1971.
 

Simple correlation coefficients were computed (in additizon to rank
 

correlation coefficients) for, the parameters because simple correlation
 

measures the degree of association between variables on a nominal scal.e.
 

Any variations in nominal value of the parameters are reflected in the
 

coefficients, whereas a rank correlation coefficient is computed using
 

relative ranking of the parameters. Further, simple correlation, besides
 

indicating the nature of relationships between any two parameters,
 

indicates the extent of directional impact of the parameters in question.
 

For example, an increase (decrease) in the nominal value of one parameter
 

associated with an increase (decrease) in the nominal value of another
 

parameter leads to a positive correlation, whereas an increase (decrease)
 

in one parameter assocQ ted with a decrease (increase) in another parameter
 

leads to a negative correlation.
 

Simple correlation coefficients estimated between various factor input
 

intensities and other parameters for different industry groups are shown in
 

appendix C. The detailed analysis with respect to each one of the factors
 

in question is given below.
 

Productive Capital Intensity (K/V)
 

Appendix C-I gives the correlation coefficients of the productive
 

capital intensity factor (K/V) with respect to labor intensity (L/V),
 

capital/labor ratio (K/L), materials cost intensity (M/V), energy 
cost
 
intensity (F/V), energy intensity (Ely), and composite index of energy
 

(CIE). The labor intensity factor and capital intensity factors showed
 

negative correlation in the following capital intensive industries:
 

petroleum refineries, shipbuilding, and motor vehicle manufacture. A
 

possible explanation for the negative relationship between these two
 

parameters may be that these process industries are machine dominated, and
 

hence involve large amounts of physical capital and relatively lower levels
 

of labor input. The positive correlation observed between capital
 
intensity (K/V) and labor intensity (L/V) in some of the labor intensive
 

industries (such as the cotton and other textiLles group, tobacco manufac

ture, and rubber products has been due to the increase in the labor
 

intexnsity factor associated with more or less constant levels of capital
 

intensity.
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The correlation observed between capital intensity and the
 

capital/labor ratio was positive for many of the industries. This occurred
 

due to the increase in both the capital intensity factor and the
 

capital/labor ratio. In other words, with the increase in capital
 

intensity consequent to enlarged capacity levels, capital employed per unit
 

of labor also increased, leading to a positive relationship between the two
 

parameters. The negative relationship observed between capital intensity
 

and the capital/labor ratio for tobacco manufacture, paper, textiles, and
 

rubber products is attributable to the decrease in the capital/labor ratio
 

as a result of increased involvement of labor in these industry groups.
 

The increase in the capital intensity factor associated with the
 

increase in materials cost intensity (M/V), energy cost intensity (F/V),
 

energy intensity (E/V), and composite index of energy (CIE) is clearly
 

evident from the positive correlations observed between the factors in
 

question for most industries. This implies that a high capital intensity
 

factor leads to an increase in the materials cost factor as well as in
 

energy related factors.
 

Labor Intensity Factor (L/V)
 

The correlation matrix of the labor intensity factor with other
 

variables (such as K/L, M/V, F/V, E/V, and CIE) is given in L.jpendix tabe
 

C-2. The significant negative correlation observed between labor intensity
 

and the capital/labor ratio for most the industry groups indicates the
 

opposite relation existing between these two factors. This came about due
 

to an increase in the capital/labcr ratio and decrease in the labor
 

intensity factor. The interaction between the capital/labor ratio (K/L)
 

and the labor intensity factor (L/V) indirectly reflects the capital
 

deepening of some of the industry groups. This also indicates that as
 

investment is increased, there is not always an increase in employment
 

potential consonant with the increased level of capital investment in the
 

manufacturing sector. In other words, machines have to a considerable
 

extent substituted for labor.
 

The correlations observed for the remaining parameters (such as M/V,
 

F/V, E/V, and CIE) do not exhibit any definite relation between intensity
 

and the parameters in question. In operations approximating a
 

"labor-dominated extreme" (labor intensive processes), materials would play
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a less dominant role than in less labor intensive ones, but no definite
 

direct relationship can be associated between the materials intensity
 

factor (M/V) and the labor intensity factor (L/V). Similarly, the energy
 

parameters showed varying relationships with the labor intensity factor
 

(L/V). However, a significant positive correlation existed between labor
 

intensity (L/V) and energy intensity (ElM) in several industry groups,
 

including sugar, tobacco, cotton and other textiles, rubber, petroleum
 

refining, and railroad equipment.
 

Productive Capital/Labor Ratio (K/L)
 

Representing the size of an industry by the total capital employed per
 

unit of labor engaged in production, there are clear indications of an
 

increase in the capital/labor ratio for most of the industry groups,
 

because of large-scale expansion or due to an increase in the number of
 

units. Consequent to these factors, materials requirements increased over
 

the years, since these are dependent on the capacity and output levels.
 

Increased materials requirements led to increased materials cost intensity
 

and hence the correlations observed between the capital/labor ratio and
 

materials cost intensity showed a positive relatienship (see appendix table
 

C-3). The significant negative correlation seen for the tobacco industry
 

between thuse two parameters, namely K/L and M/V, despite increased
 

capacity levels, can be explained in the light of the decreased
 

capital/labor ratio observed for that industry over the years owing to its
 

high use of labor.
 

In most large, machine-dominated industries (such as nonferrous
 

metals, miscellaneous products of coal and petroleum, motor vehicle
 

manufacture, and iron and steel), the correlation observed between
 

capital/labor ratio and energy cost intensity has been positive. This
 

clearly indicates that the increase in capacity of plants has taken place
 

through mechanization and machine-dominated production, resulting in
 

increased levels of energy consumption and, hence, increased energy cost.
 

However, poor positive correlations or negative correlations seen between
 

these factors, namely K/L and F/V or K/L and E/V for other industry groups
 

(such as tobacco, aircraft manufacture, and paper and paperboards), could
 

indicate the responsiveness of these industries to relative factor costs.
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Materials Cost Intensity (M/V)
 

The materials cost intensity factor (M/V) showed a positive
 

relationship with energy cost intensity (F/V), energy intensity (ElV), and
 

composite index of energy (CIE) for most industries (see appendix table
 

C-4). The materials requirement and energy requirement of an industry tend
 

to vary with output levels and operational efficiencies. The increased
 

levels of capacity indicated by the increase in capital/labor ratios have
 

concurrently led to increases in materials requirements as well as energy
 

requirements.
 

Table 4-5 provides data showing the percentage of energy cost in
 

relation to the sum of materials cost and energy cost for' some of the
 

industry groups in the manufacturing sector. It is evident that energy
 

prices have gone up over the years for the majority of the industry groups
 

and this makes it necessary to find ways and means for controlling energy
 

costs :.n industries.
 

Table 4-5. Percent of Energy Input Costs 
and Energy Costs 

in Relation to Total Materials 

1971-72 
Fuel cost divided by 

raw materials cost and 
fuel cost 

1973-74 
Fuel cost divided by 

raw materials cost and 
fuel cost 

Motor vehicles mfr. 2.02 2.20
 

Cement 39.58 43.67
 

Basic chemicals 11.81 13.44
 

Nonferrous metals 16.68 29.75
 

Paper & paperboards 23.66 28.10
 

Shipping 21.28 16.45
 

Textiles 8.40 12.62
 

Because of increased levels of both materials and energy consumption, the
 

correlation observed between materials cost intensity (M/V) and other
 

energy-related parameters showed a significant positive relationship.
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Price Sensitivity of Energy Consumption in Manufacturing
 

In order to analyze the sensitivity of energy use to price changes,
 

two series were built: one deals with consumption of various forms of
 

energy and the other with prices. Two approaches were taken: (1) an
 

analysis of the correlation between energy consumption and price levels
 

through the use of various indicators such as energy intensity, energy cost
 

intensity, unit cost intensity, and composite index of energy; (2) finding
 

the energy cost intensity in manufacturing and the amount spent for
 

different forms of energy in relation to aggregate energy expenditure.
 

Appendix tables C-5 and C-6 give the correlation coefficients of the energy
 

parameters.
 

An increase in energy cost in manufacturing is associated with an
 

increase in energy consumption as evidenced by the positive correlation
 

observed for the majority of the industry groups between energy cost
 

intensity and energy intensity. Process-oriented industries (such as iron
 

and steel, petroleum refineries, and nonferrous metals) have significant
 

positive correlations with regard to these two parameters. The increase in
 

the price per unit of energy leading to corresponding increases in energy
 

cost is evident from the positive correlation between the unit cost
 

intensity factor and energy cost intensity. However, the negative
 

correlation observed for some of the industry groups between these two 

parameters may be due to the increase in the growth of value added by 

manufacture which reduces the intensity factors involved. Tle energy 

intensity factor and unit cost intensity factor showed negative 

correlations in most of the industry groups. This clearly indicates that 

an increase in the price per unit of energy reduces t.e ener-r intensity 

factor in manufacturing. This shows that price could be used to encourage
 

energy conservation in manufacturing.
 

The sugar and tobacco industries showed significant positive
 

relation between energy intensity and unit energy cost intensity, since
 

both these industry groups utilize much of their own waste products as
 

fuels without incurring any cost. The significant positive correlation
 

observed between the energy intensity factor and the composite index of
 

energy for these two and most other industries clearly indicates the
 

dominance of the energy consumption factor in the formulation of the index.
 

It also throws light on the directional movement of energy consumption in
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relation to price changes. That is, an increase in the price per unit of
 

energy led to an increase in energy cost, and along with the increases in
 

energy consumption in many industries over, these years, led to a positive
 

correlation with CIE.
 

Table 4-6 gives the energy cost intensity for different energy sources
 

by industry for 1963, 1966, 1969, and 1971. The energy cost intensity
 

factors for different forms of energy have increased over the years at
 

varying rates, indicating in part the extent of influence that relative
 

prices exert on consumption. For nost of the industry groups considered in
 

the analysis, the increase in the energy cost intensity factor for coal, 

petroleum products, fuel oil, and electricity is significant. In addition,
 

table 4-7 gives the proportion of energy cost to aggregate energy
 

expenditure by fuel and industry for the four years.
 

Both tables 4-6 and 4-7 give an indication of the structure of energy
 

demand in manufacturing. For example, the proportion of individual fuel
 

cost to aggregate fuel expenditure in manufacturing indicates the
 

importance of a particular fuel. In Indian manufacturing, coal, petroleum
 

products, and electricity make up the majority of fuel expenditures. Coal,
 

in particular, and also to a large extent oil, have proved to be important
 

sources of energy. The share of coal in the overall energy cost in
 

manufacturing is on average about 40 percent. Fuel oil and petroleum
 

products together make up about 20 to 30 percent of total energy cost for
 

some industries. This kind of energy analysis throws light on the
 

structure of production, and in particular, the technology employed in
 

process manufacturing, providing valuable inputs for energy policy planning
 

with regard to the manufacturing sector.
 

Econometric Estimation
 

It should be emphasized that any analysis of industrial activity in a
 

developing country is liable to suffer from a number of limitations that
 

arise out of the general state of industrialization in most less developed
 

countries (LDCs). The most important of these limitations would be those
 

related to:
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1. Data deficiences. These could be outright deficiencies in
 
specific types of data or qualitative weaknesses that might
 
result in unreliable estimates. Fortunately, industrial data in
 
India are generally adequate and reliable (as discussed earlier),
 
and barring the unjustifiably long lags in publication, analyses
 
of the type presented in this report are quite feasible.
 

2. Constrained technology choices. There is evidence that
 
choices of technology in a number of industries in LDCs are
 
constrained by import restrictions and related problems, since
 
indigenous research and development and innovative capabilities
 
are not adequately developed. Consequently, technologies adopted
 
for production are often not responsive to factor price
 
differences. Typically, capital intensive technologies may be
 
adopted under conditions of serious capital scarcity only because
 
choices are limited by what is available from the exporting
 
countries.
 

3. Deviations from the Production Possibility Frontier. Often
 
production in many industries takes place far below the
 
production possibility frontier, resulting from constraints in
 
infrastructure, physical shortages or inputs such as power, or
 
disequilibrium prices, particularly in the case of wages. In
 
general, production decisions are made under a variety of
 
constraints and economic distortions which result in suboptimal
 
use of resources. In such instances, substitution between
 
factors, the mix of inputs used, and their link with factor
 
prices may 'eviate substantially from competitive and optimizing
 
solutions. 's a result, estimation of production relationships
 
based on neoclassical production theory may not be truly
 
meaningful.
 

Fully realizing the limitations mentioned above, we have estimated the
 

diverse set of parameters presented in this report as an explanatory
 

exercise. Wherever required, it is important to apply advanced estimation
 

techniques in an attempt to explain the various adjustments which underlie
 

developments in India's manufacturing industries, even though the
 

constraints mentioned above may introduce problems in the estimation
 

process and its outcome.
 

It should also be mentioned that the specification and estimation of
 

translog production functions in particular is not without a plethora of
 

problems even when dealing with more advanced economic systems. A
 

particularly useful paper by Berndt (1976) analyzes the large differences
 

in estimates from various studies dealing with capital/labor substitution
 

in U.S. manu'acturing. In essence, differences in estimated values can
 

arise from a variety of reasons, including cyclical changes in the
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utilization of factors, statistical biases, and adjustments toward
 

constantly changing equilibrium values. Therefore, it is no surprize that
 

estimates vary substantially from study to study in this field.
 

The primary objective of our study is to assess substitution
 

possibilities between different factors of production explicitly including
 

energy as an aggregated factor. At a disaggregated level we were
 

interested in assessing price-induced interfuel substitution. We chose
 

five sample industries--sugar, cotton textiles, inorganic fertilizers,
 

cement, 
and iron and steel. The selected results of the estimation
 

exercise are shown in tables 4-8 to 4-9 for the period 1965-1974.
 

Table 4-8. Allen Partial Elasticities for Specific Energy Forms for
 
Selected Industry Groups
 

013 014 015 035 Key
 

Sugar 0.1123 -0.0205 -0.0553 -0.2364 Coal - 1
 

Cotton textiles 0.0200 0.1039 -0.2454 -0.6369 Coke - 2
 

Inorganic fertilizers -0.0158 -0.1434 0.2063 -0.7824 Petroleum
 
products - 3
 

Cement 0.0035 -0.0070 0.0202 -0.0386 Fuel oil - 4
 

Iron and steel -0.1164 2.1854 -1.3463 0.4241 Electricity - 5
 

We are limiting our discussion in this instance to only a few
 

estimates of Allen partial elasticities which a priori appear to be
 

interesting from the viewpoint of substitution possibilities or would be
 

important for energy policy.
 

In general, the sugar industry shows limited substitution or comple

mentarity between fuels. Weak substitutability (indicated by positive
 

elasticities) exists between coal and petroleum products (kerosine), but
 

there is some complementarity (indicated by negative elasticities) between
 

coal and fuel oil, coal and electricity, and between petroleum products and
 

electricity.
 

Tn the case of cotton textiles, coal and petroleum prcducts, and coal
 

and fuel oil, are weak substitutes. MBut coal and electricity, and
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petroleum products and electricity, are complements, the partial elasticity
 

for the latter being -0.636.
 

The inorganic fertilizers group shows low absolute values of partial
 

elasticities except for petroleum products and electricity, which are
 

complements. Fertilizer production, being process oriented, is power
 

intensive, and undoubtedly the complementary relationships between
 

petroleum products and electricity results from the use of naphtha as a
 

feedstock and electricity as the major source of motive power.
 

The cement industry exhibits very weak substitution and complementary
 

relationships among the different fuels. This could reflect the variation
 

in technologies used and vintage of production plants. Quite naturally,
 

the existing mix of wet and dry processes makes it difficult to obtain a
 

clear aggregate picture for this group.
 

Partial elasticity estimates for iron and steel are uzeful not only
 

because of the energy intensive nature of this industry, but also since the
 

relatively small number of plants and extensive industrial concentration
 

render this group amenable to policy descriptions. The low value for the
 

partial elasticity between coal and petroleum products in this case can be
 

conveniently ignored, but there is a high degree of substitution possible
 

between coal and fuel oil (714 2.1854). On the other hand, coal and
 

electricity are significant complements, but petroleum products and
 

electricity are substitutes (J 35 = 0.4241), indicating the considerable
 

among of diesel-fired captive power generated in steel plants.
 

Table 4-9. 	Allen Partial Elasticities for Aggregate Energy and Other
 
Factors for Selected Industry Groups
 

0KL 0KE 0LE OEM Key 

Sugar 0.1205 -1.0242 -2.2679 0.4620 

Cotton textiles 0.5090 -2.1050 5.0346 -0.3345 K  capital 

Tnorganic fertilizers 0.2237 0.1900 -0.3995 0.1463 L - labor 

Cement 0.343U -0.2012 0.0116 -0.0756 E - energy 

Iron and steel -0.0920 -0.2068 0.0890 0.0537 M - materials 
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As shown in table 4-9, the sugar industry indicates strong
 

complementary relationships between capital and energy, and labor and
 

energy, respectively. There is also a somewhat weaker substitution linkage
 

between energy and materials, which evidently arises from the use of
 

bagasse as a fuel. The cotton textiles industry shows substitution between
 

capital and labor (GKL = 0.0590), and a very substantial degree of
 

substitution between labor and energy (aLE = 5.0364). But capital and
 

energy, on the other hand, are strong complements, and energy and materials
 

are weakly complementary.
 

In contrast, 	in the case of the inorganic fertilizer industry capital
 

and labor, capital and energy, and energy and material, respectively, are
 

weak substitutes, but labor and energy are complements. Partial
 

elasticities in the cement industry also have low magnitudes, with the only
 

estimate of any significance showing a weak substitution relationship
 

between capital and labor. Similarly, the iron and steel industry is also
 

characterized by low elasticities, including a weak complementary
 

relationship between capital and energy.
 

Finally, in table 4-10, we have shown a sample of the estimates of
 

price elasticities for capital, labor, aggregate energy, and materials.
 

The elasticities in this table include some aberrations in the estimated
 

values for own-price elasticities, namely nKK for sugar, nEE for cement,
 

and nM for cotton textiles, all of which are positive even though small in
 

magnitude. As for the cross-price elasticities, nKL is positive for all
 

Table 4-10. 	 Price Elasticities for Energy and Other Factors For Selected
 
Industry Groups
 

nKK nKL nKE nLL 
 nLK nLE nEE nMM
 

Sugar 	 0.2152 0.0121 -0.0163 -0.6104 -0.0099 -0.0362 -0.2294 -0.0661
 

Cotton
 
textiles -0.1428 0.0894 -0.0906 -0.3323 0.0321 0.2169 -0.4567 0.0076
 

Inorganic
 
fertilizer -0.0874 0.0271 0.0255 -0.0322 0.0227 -0.0473 -0.0671 -0.0336
 

Cement -0.0103 0.0355 -0.0551 -0.0350 0.0483 0.0032 0.635 -0.0076
 

Iron and 
steel -0.0100 -0.0077 -0.0136 -0.0072 -0.0133 -0.0260 -0.0309 -0.0076 
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but the iron and steel group. The magnitudes are again low so that these
 

results are in consonance with the partial elasticities presented earlier.
 

On the other hand, nKE shows a complementary relationship between capital
 

and labor, except for the inorganic fertilizer group. Between labor and
 

capital there is weak substitutability, except in the iron and steel group.
 

The labor/energy relationship is somewhat more varied, with substitution in
 

the case of cotton textiles, cement, and iron and steel, and complementar

ity in the case of the other two industries.
 

The own-price elasticity of labor in the sugar industry is significant
 

but somewhat lower for cotton textiles. The own-price elasticities for
 

capital as well as for materials are very low. This observation holds for
 

the own-price elasticity of energy as well, except for the cotton textiles
 

group, where it has a value of 0.4567. This appears consistent with the
 

substitution possibilities (nLE = 0.2169) between labor and energy.
 



Chapter 5
 

POLICY ANALYSIS AND CONCLJSIONS
 

It is difficult to analyze tie implications of various policies in an
 

industrializing economy, largely because desired objectives are difficult
 

to articulate, and the time frame within which objectives should be eval

uated is difficult to establish. Besides, a country may havE to deviate
 

from ideal solutions under a variety of constraints and compulsions.
 

Choice of technology can be constrained by ideological preferences of aid
 

givers as often as it is influenced by the lure of available credits,
 

grants, and other favorable financing options.
 

It therefore serves no purpose to say that the industrial sector in
 

India has been growing in capital intensity counter to the country's
 

resource endowment and that as a polioy this is undesirable. It is more
 

,eaningful to explore the structure of the manufacturing industries, 

pinpoint their rigidities and flexibilities, and analyze those influences 

whic-h result in varying levels of utilization of different factors. Since 

the main focus of our study is on energy in the industrial sector, we will 

comnent primarily on the implications of various policies and developments 

on industrial energy use, as revealed by the statistical analysis presented 

in this report. 

Trend Analysis
 

The various ratios presented and di ,cussed earlier provide useful
 

insight into the trends that have characterized the evolution of
 

manufacturin7 industries in India.
 

The increase in the capital intensity of the lndian economy in general
 

1S well known. At the macro level, capital/output ratios have shown a 

significant increase. Wile the industrial sector in particular has grown 
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in capital intensity over the past three decades, the increase has been
 
uneven, for reasons described earlier. The most important factor appears
 
to be the growth of heavy industry, despite the low levels of capacity
 
utilization and industrial stagnation which have from time to
occurred 


time. But within the limited time span covered in 
our analysis, we observe
 
industry groups like cotton spinning and weaving, and other textiles, where
 
capital intensity has remained steady or actually declined. The textiles
 
group of industries, as it happens, is subject to wide swings, and trends
 
change with variations in capacity utilization, which in turn are
 
influenced overwhelmingly by world market conditions. But even in this
 
group of industries, labor intensity has declined sharply during the period
 
covered, and the capital/labor ratio has, consequently, been increasing.
 

Labor intensity in most industry groups shows a significant decrease
 
over 
the time period studied. Even though circumstances behind this
 
decrease varied ovei. time as discussed earlier, there is a clear indication
 

that changes in technology have been labor saving. This was not only true
 
of industries which are relatively new, but it is true also of the 
more
 

traditional ones which went through a process of mcdernization, such as the
 

textiles group. Understandably, the scale of labor saving in the iron and
 
steel, basic chemicals, and cement industries has been the most pronounced.
 

in the case of materials intensity, reductions it capacity utilization
 
at the micro level are undoubtedly a major cause of increases in consump
tion of materials per unit of output. But it is difficult 
to quantify
 

precisely the extent to which physical quantity increases in materials used
 
per unit of output actually contributed to increases in the materials cost
 
intensity in each industry group. Relative price changes were 
probably
 
responsible for increases in this ratio in the rubber products, textiles,
 

and iron and steel groups, but in the case of other industries--particular

.y those dominated by the public sector--low levels of performance largely
 
resulted in greater materials consumption than warranted.
 

In the case of energy, if we first confine our discussion to energy 

intensity only, the trend in the sixties was overwhelmingly downward, 
except in the cement and nonferrous metals groups. But with increases in 
relative prices of energy, this did not result in a similar decline in 

energy cost intensity. international comparisons by other researchers 
have, however, established that despite these downward trends industrial 
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production in India has in general remained relatively energy intensive.
 

Even the price increases of the seventies have not done much to change this
 

picture.
 

These trends in factor intensity are by thenselves useful, but for the
 

purposes of our study a closer look at the linkages between different
 

factors and their relative movements, particularly in relation to energy
 

consumption, are of greater value. The ranking of different industries
 

based on factor intensities has been reatonably stable over the period
 

covered. But the measures of rank correlation presented earlier merit some
 

further comment. The intensity of productive capital used showed a
 

negative correlation with labor intensity but a positive correlation with
 

energy cost intensity. Further, it showed a weak positive correlation with
 

energy intensity and materials cost intensity. Significantly, the
 

correlation between capital intensity and energy intensity has increased
 

over time, indicating a growing complementarity between capital and energy.
 

To some degree, this may very well have been in response to price changes
 

for both these factors which brought about a substitution of other factors
 

in technologies employed. Labor intensity, on the other hand, showed weak
 

negative correlation with energy intensity, indicating the possibility of
 

some substitution between these two factors.
 

Interindustry differences in rankings are quite substantial, and as
 

would be expected. different industry groups are characterized by varying
 

degrees of factor intensities. The changes in these values are brought out
 

clearly by the graphical plots of factor intensities. But, understandably,
 

there is no uniform pattern in the changes that have taken place between
 

1963 and 1971 as seen in these plots, although one could make generaliza

tions of trends toward capital and energy cost intensification, but lower
 

labor intensities. But these aspects can be examined further on the basis
 

of the economic resuilts from. our estimation of industrial production
 

functions.
 

Production Functions and Substitution Possibilities
 

The results presented and discussed earlier are quite extensive and 

could take up a great deal of space if they were to be discussed industry 

by industry, but since we are &t this stage more concerned with general 
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policy implications, we will confine our discussion to questions that touch
 

on the industrial sector as a whole.
 

Energy policy in India has to contend with the following realities:
 

1. 	The output of the industrial sector has grown with a greater than
 
proportionate increase in capital inputs.
 

2. 	 The cost intensity of energy in production has Increased in most
 
industry groups, even though in some cases the intensity of
 
energy use has declined in the limited period covered in this
 
study, But based on international comparisons by industry, India
 
has highly energy intensive production techniques in operation.
 

The more important questions to consider in this context, therefore,
 

are those relating to the linkage between capital and energy use and to the
 

possibilities of substitution between different energy sources and between
 

energy and other inputs. The use of the translog specification facilitates
 

the derivation of various elasticities that provide indicative answers to
 

these questions.
 

Elasticities were estimated using data for the periods 1965-1969,
 

1970-1974, 1965-1974, but we will comment on results from 1965-1975 only,
 

since they naturally represent a longer run than the other two periods.
 

Significantly, the Allen partial elasticity CKE shows a complementary
 

relationship for eleven out of the seventeen industry groups dealt with,
 

albeit a weak relationship in most cases. The labor-energy partial
 

elasticity in nine of the seventeen groups shows complementarity. It could
 

be said, therefore, that capital and energy are complements in more cases
 

than those in which they are substitutes. But more important than the
 

nature of the relationship is its magnitude. The complementary relation

ships have values of aKE as high as -1.0242 for sugar, -2.1050 for cotton
 

textiles, and -2.2819 for cotton ginning and pressing. In industry groups 

showing substitution e'fects, aKE is only as high as 1.0929 for tires and 

tubes, and 0.6895 for petroleum refineries. On the other hand, 

substitution effects for labor and energy as indicated by LE are 1.1503 

for cigarettes and tobacco manufacture, 5.0364 for cotton textiles, I.9926 

for cotton ginning and pressing, and .11878 for petroleum refineries. In 

those industries with labor and energy as complements, I is -2.2679 for
LE
 

sugar, -16.588 for woolen textiles, and -2.3958 for paperboards and
 

strawboards.
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We mentioned earlier some of the limitations inherent in the type of
 

analysis attempted in this study, particularly when applied to a developing
 

country. Hence, the observations listed above can at best be put forward
 

cautiously as measures of real life production relationships. Within this
 

cautious advocacy, however, we could say that, in general, capital and
 
energy display greater complementarity than substitutability. But labor
 

and energy are equally likely to be complements and substitutes. The most
 

dominant values of all in the results obtained in this study are those of
 

aLE for the two textile-based industry groups in the sample. Since
 
textiles are a major industrial group in the country, policy prescriptions
 

which can bring about substitution of energy by labor in these industries
 

would be of particular interest. Technical studies in this area also
 

appear to suggest a major potent*.al for energy savings. Whereas initiative
 

by the government in this direction would be welcome, much can be achieved
 

in the long run by allowing market forces to act through pricing of energy
 

on a rational basis.
 

It can also be concluded that the complementary link between capital
 
and energy in a number of industry groups would result in greater energy
 

intensity if current trends to This
in capital deepening were continue. 


prospect requires that the energy implications of industrial expansion be
 

carefully evaluated before specific investments are made in the future.
 

Interfuel Substitution
 

India is well endowed with coal resources. Fortunately, too, through
 

a policy of restraint by the Government of India and the petroleum
 

industry, consumption of petroleum products in the industrial sector has
 

been kept at lower levels in comparison with many other countries, but
 

there are possibilities for, further reductions. From the viewpoint of
 
national policy, therefore, any shifts away from consumption of petroleum
 

to coal .ould be highly desirable. We would, accordingly, confine our
 
present discussions principally to these energy sources, even though the
 

econometric results presented and discussed earlier cover all sources
five 

considered in this study. 

If one studies the partial elasticities estimated in this 3tudy, 

for coal and petroleum products shows substitutability in nine of the 

http:potent*.al
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seventeen industry groups covered, but the values obtained indicate very
 

weak linkages. In the case of C14 , coal to fuel oil, a substitution
 

relationship is estimated to exist in ten of the seventeen industries, with
 

values as high as 1.6354 for organic heavy chemicals and 2.1854 for iron
 

and steel. These indicate that there is at least some potential for
 

substitution of coal for petroleum products or fuel oil in a fairly wide
 

range of industries, with reasonably good prospects for this in at least
 

two industry groups. It is likely, however, that even with post-1973
 

increases in oil prices and other mandatory measures restricting oil
 

consumption, the estimated shift toward coal may not take place due to
 

physical bottlenecks and uncertainties in the supply of coal.
 

Finally, it is also useful to assess the implications of partial
 

elasticities for coal and electricity. We are at this stage not consider

ing the link between fuel oil and electricity, since from the policy point
 

of view there is little interest in this relationship, largely because the
 
use of electricity for process heat is to be avoided on account of its high
 

social cost and likewise the use of fuel oil. for generating any form of
 

power is not justified. 651 for electricity and coal is positive in twelve
 

of the seventeen industries studied, but these estimates are very low,
 

indicating at best a weak substitution effect,
 

Quite apart from interfuel substitution possibilities, the estimated
 

elasticities presented earlier also indicate a number of complementary
 

relationships. These are not of any great consequence except in defining
 

the energy profiles of production technologies in use. Also, they would be
 

useful in determining priorities for interfuel substitution efforts,
 

because wherever two fuels are complements, it may be reasonably expected
 

that any substitution between them would not be possible without major
 

changes in technology.
 

The research project on which this report is based can be regarded as
 
exploratory in nature, but it does go well beyond work done in this field
 

as applied to developing countries. Our work has been greatly facilitated
 

by the availability of detailed data for estimating a wide range of ratios 

and production relationships. in this respect, India presents a good 

opoortunity for research by virtue of the cuntry's s-e, sdustral 

development, and established data base, which despite being tnordinately 

dated, is ext onsive and reliable enough to permit very :cooprehensive 



91
 

research by social scientists. Undoubtedly, many studies of this type will
 

be attempted in the future.
 

Policy Implications
 

The information presented in this report serves two purposes. First,
 

a large amount of data has been collected, processed, and analyzed to
 

provide useful information on the nature of industrial production in India.
 

This information is in the form of a number of ratios showing changes in
 

the intensity of various factors of production in sixteen different
 

industry groups. This compilation of results would be directly useful in a
 

number of studies both for making intercountry sectoral comparisons and
 

intertemporal comparisons for India itself when data become available in
 

the future. Secondly, we estimated a variety of production functions in
 

major industry groups and derived elasticities both for four factor inputs
 

as well as for major forms of energy used in the industrial sector in
 

India. Fairly advanced techniques were employed for estimation based on
 

the familiar translog specification.
 

Some well known economists with whom we discussed our approach for
 

estimation of production functions expressed their reservations on using a
 

methodology which is based on the assumption of price responsive choice of
 

technology and factor combination. Their view was that these considera

tions, based on neoclassical assumptions, cannot be applied to modelling
 

India's industrial sector. We fully realize the limitations of the
 

econometric approach employing translog production functions, and these
 

have been discussed earlier. But we are confident that the results
 

obtained in this study can lead to useful indicative conclusions and are an
 

essential step to perhaps introducing greater realism in subsequent
 

research.
 

in general, it need hardly be repeated that the capital intensity of
 

Indian industry has grown substantially. This has led to an increase in
 

energy cost intensity, though there have been declines in physical
 

intensity of energy use. However, the period covered in this analysi3 

corresponds to a period of larqe industrial expansion and t'.ie establishment 

:f long gestation manufacturing units. The energy intensity decline could 

very well have been a temporary effect brought about by an ad:ance alng 
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the learning curve representing a number of new industries. Whether these
 
trends continued through 
the seventies is for subsequent research to
 

discover.
 

Substitution possibilities between factors are quite widespread across
 
industries, but barring some notable exceptions, are found to be weak. 
The
 
most interesting cases of substitution potential is industries in the
 
textiles group, and it appears the response to price changes in these would
 
be significant. In the aggregate, of course, revisions in prices based on
 
rational criteria would perhaps produce significant substitution responses
 
for the country as a whole. This applies to possibilities of interfuel
 
substitution as 
well which could bring about greater consumption of coal in
 
preference to fuel 
oil and other petroleum products. In this respect,
 
price changes by themselves would not be all important, but reliability of
 
supply and the removal of physical constraints in the availability of
 
electricity in particular would augment the price-related shift away from
 

the consumption of petroleum products.
 

It is normal to end a research project by suggesting what further work
 
needs 
to be done on the subject. We would not make an exception in this
 
case, and in fact emphasize that global interest in the effect of
 
industrial growth on energy use has now to shift 
from the developed to the
 
developing countries. This is justified not only because of the little
 

work done in this field in the less developed countries, but also because,
 

in the aggregate, industrial growth 
in the Third World is expected to
 

exceed that in 
the western countries in the next two decades.
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Appendix A. Definition of Variables
 

Units 
No. Items Definition used 

1 2 3 4 

1. 	 Fixed Land, buildings (including those under con
capital, 	 struction), improvements to land and other
 

construction, plant machinery and tools (in
cluding uninstalled), transport equipment,
 
and other fixed assets such as furniture, Million
 
fixtures, etc. rupees
 

2. 	 Working Stocks of matecials, stores, fuels, semi
capital 	 finished goods, including products and
 

byproducts; cash on hand and at the bank, Million
 
and the algebraic sum of sundry creditors. rupees
 

3. 	 Productive Fixed capital and working capital. Million
 
capital rupees
 

4. 	 Invested The total of fixed capital and physical
 
capital working capital, comprised of stocks of
 

materials, stores, fuels, etc., semi
finished goods, including goods in process

and finished products and byproducts Million
 
as of the end of the year rupees
 

5. 	 Number of Sum total of persons engaged by each
 
persons industry under various heads, such as Thousands
 
employed workers, persons other than workers, etc. (number)
 

6. 	 Manhours Manhours worked during the year, calculated
 
worked by multiplying the number of workers em

ployed in each shift by the number of hours
 
in the shift and aggregating products for Million
 
all shifts and all working days of the year. hours
 

7. 	 Wages and All payments made in cash to workers and
 
salaries 	 persons other than workers as compensation Million
 

for work done during the year. rupees
 

8. 	Materials All items of raw materials, chemicals,
 
consumed packing materials, and stores actually con

sumed during the year of manufacture. Ma
terials consumed for repairs and maintenance
 
are also included. It excludes the inter- Quantity
 
mediate products, that is, goods produced in million
 
within the factory and consumed for further tonnes 
manufacture. 

The value of materials consumed is the cost Million 
at the factory. rupees 
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Appendix A. (Cont.)
 

SI. 
 Units
 
No. Items Definition 
 used 

1 2 3 4 

9. 	 Total All manufacturing costs of the industry. In
input cluded in it are the gross value of materials
 

and fuels, etc., consumed, work done by tiic
 
other concerns, products reported for sale
 
last year but used for further manufacture,
 
incidental expenditures on purchase of mater
ials, etc., non-industrial services purchased
 
(audit fees, legal expenses, etc.), deprecia
tion and purchased value of goods sold in Million
 
the same condition as purchased. rupees
 

10. 	 Gross The aggregated value of products and byproducts
 
output manufactured for sale; work done for customers
 

and sale of goods sold in the same condition
 
as purchased; adjusted for the difference
 
in stocks of semi-finished goods at the Million
 
beginning and at the end of the year. rupees
 

11. 	 Value added That part of the value of the product which
 
by is created in the factory, computed by
 
manufacture 	 deducting the gross value of input from Million
 

the gross ex-factory value of output. rupees
 

12. 	 Depreciation The consumption of fixed capital during the
 
year, estimated on the basis of cost of
 
installation and working life of the fixed
 
assets calculated in terms of the number of Million
 
years. 
 rupees
 

13. 	 Fuels Energy input of manufacture, consisting of Quantity
 
consumed fuels such as 
coal, coke, coal gas, fire- in million
 

wood, charcoal, petroleum products, fuel tonnes or
 
oil, and electricity, liters or
 

million
 
Details on electricity purchased and con- kWh and
 
sumed have been separately collected. value in
 

million
 
rupees
 



Ap-oJdlx 'lat,le I -I. Rank Cor're!at. on of Parameters of Productlon for the Year 1063 

Prdc+.t I ve Producttve atert a I Energy Energy Unit Composite 
capital I.abor calu1tal/labor cost Cost Intensity energy cost index of 

VarIah' Intensity ratio Intensity Intensity (E/V) Intensity energy1) Intensity 

(K/V) (L/V) (K/L) (h/V) (F/V) (U/V) (CIE)
 

i'r'odiu t, Iye rapltal 
Intensity (K/V) 1.00 

Labor" it el I ty -0.250 1 .00 
(I./V) (-.97) 

rl'odiilI Iv,- r,,pittal/labor 0.809*6 -0.7350' 1.00 
rat I,) (K/I) (5.15) (11.06) 

(it.t ''Ilal:q o".91 0.15 0.00 0.0117 1.00 
nir .uu lty (/V) (0.57) (0.0) (0.18) 

Fno'rgy (":t. 0.332 . 16 0.076 -0.188 1.00 
Inrten:uiI y (Fly) (1.3?) (0.118) (0.29) (1.72 

Fr,'tgy Int-,rinat'y 0.112 0.094 -0.071 0.1 0.932"" 1.00 
(:.-/v ) (0.112?) (0.35) (0.25) 0.38 9.65 

lonl oner-gy coa-,t 0.388 -0.21111 0. 1438 -0.026 -0.182 -0. 4106 1.00 

itn:ilty (11/V) (1.56) (-0.911) (1.82) (-.10) (-.69) (-.166) 

Conuipllto In x of' 0.1?'11 0.0711 -0.011lI 0.003 0.818
I
"K 0.9260 -0.11820 1.00 

e,ir y ((n.E) (0.47) (0.28) (-0. Ill) (0.01) (5.31) (9.21) (-2.06) 

11,t : Fitgure. In parenthenoa Indicate '[" test valiues: Ho : P = 0. 

''(rt' tolalttr i slgnlfleantly different from '0' with conidence of 95 pere(nt and 99 percent (or) 5 percent and 1 percent 

.v..t of :igntfle.io . 

Crciiation Iq inlfileartly different from '0' with confidenee of 95 percent or 5 percent level of' significance. 

*r'Crelatrtin i signifleantly different from 0' witli confidence of' 99 pereent of 1 percent level of significance. 

http:igntfle.io


Apinjil x "r:,lel I-p. Rank Cnrrelation of Par:,tineor or Production for the Year, 1966 

Product I ve Product Ive Materi al Energy Energy Ulni . Composite
eapltal Labor eapta l/lIbor Coa.t co.t Intensity energy cost Index of

V:Ia.: l,1teraI t y Inten lty ratIo IntensIty InLensIty (EIV) Intensity energy
(K/V) (I./V) (K/i.) (M/V) (F/Vi (U/V) (CIE) 

I''idI. I v.' ,''oldtI 11 

liii era! ty (E/V) 1.00 

Lalr- lt ,rusty 0.356 1.00 
(U iV) (-1 . 47) 

Po iut I v. ,apt tal /labor 0.871n' -0.6826' 1.00 
vat h, (K/1.) (6.62) (-3.119) 

t t ol ia: oat 0.1211 0.306 -0.0211 1.00 
I nt -rlty ('1/V ) (0.11) (1.P) (-0.09) 

t
l,.rgy ..... 0.5091/ -0.01111 0.3I114 -0.082 1.00 
Intenalty (F/V) (2.21) (-0. 17) (1.37) (-0.31) 

fFi.ycrralty -0.085lit 0.329 0.238 -0.129 0.938" 1.00 
(F/V) (1.31) (-0.3?) (0.92) (-0.119) (10.13)
 

l11 n'r"cy ,'IM 0.1911 -0.097 0.297 -0.053 -0.1 -0.212 1.00 
1rto.nit y (Il/V) (0-711) (-0.36) (1.16) (-0.2) (-0.38) (-0.81) 

Cor-,tm1t, Index ot 0.11111 -0.235 0.135 -0.253 0.8120§ 0.912" -0.350 1.00
e'n,.r-y ('IE) (0.511) (-0.91) (0.51) (-0.98) (5.2) (0.31) (-1.110)
 

It,.: Flutr:i In parentheses indlcate "t' test values: 1 : p - 0.° 

"ltor s"- t Io silnfcant.ly different from '0' with confidence of 95 per'cent and 99 percent (or) 5 percent and I percent 

C nr"' 1iat i-, Is nignifloantly different from '0' with confidence of 95 percent or, 5 poreent level of signilficance. 

'(,rn'-r atlon In .aignlficantly di ffer-,nt frorn '0' with eonfidence of 99 percenrt of I pereent level of significance. 

http:silnfcant.ly


Appendix Table B-3. Rank Correlation of Paranmetera of Production for the Year- 1969 

Product Ive Product Ive Material Energy Fnergy Unit Composite 
capital L.abor cap t al/labor cost cont intensity energy cost Index of 

Var'iahh intensity Intensity ratio intensity Intensity (E/V) Intensity energy 
(K/V) (./V) (K/L) (1/V) (FIV) (U/V) (CIE) 

Produl Iye capiial 1.00 
Intennit y (K/V) 

lab~or Iirtenai t y -0.350 1.00 
(LIV ) (-1.4) 

'rodiu't Ive eapi t.al/labor 0.882'
N 

-0.703'' 1.00 
ratio (K/I.) (7.02) (-3.7) 

Materials co3t 0.112 0.109 0.062 1.00 
Intensity (WiV) (0. 12) (0.111) (0.23) 

Enrgy coat .1189 0.099 0.318 -0.0241 1.00 

intmimliy (F/V) (2.26) (0.22) (1.25) (-0.09) 

Energy Intonsily 0.Illll -0.035 0.315 -0.035 0.956 
m m 

1.00 

(E/V) (I .85) (-0.13) (1.214) (-0.13) (12.18) 

Unit energ.y eont 0.291 0.003 0.136 -0.103 -0.056 -0.185 1.00 
tIntenis y (llyM) (1.11I) (0.01) (0.52) (-0.39) (-0.21) (-0.71) 

Conposite Irnlox of 0.309 -0.121l 0.259 0.209 0.900"* 0.938"v -0.265 1.00 
OnN)y(dEl (1.21) (-0.117) (1.00) (-0.8) (7.73) (10.15) (-1.03) 

Not e: Ftgures In parentheses indicate 't' tnt valuI°: H p 0. 

'Corrvelation 13 Mg.niflcantly difrferent from '0' with confidence of 95 percent and 99 percent (or) 5 percent and 1 percent 

lovel of iglnl leanee. 

'Cor'rc atien is aignificantily different from '0' with confldence of 95 percent or 5 perceit level of significance. 

*Correlatlnii In signifieantly different fromn '0' with confidence of 99 percent of I percent level of significance. 



A| pprnIx 1"chip B-I1, Bank Correlation of Parameters of P'roduetioin for tile Year 1971 

Productive Iroduet ive Material Energy Energy Unit CompositecapLta] labor capt.al/Iahor cost cosL Intensity energy cost index ofVa1,iai,i e1 irtenjlty IntensIt.y ratio Intensity intensity (ElV) Intensity energy
( V) (/V)----- (K/I.)- (Vy) (F/y) (U/V) (CIE) 

P ,rodul a: tI V, It.-ia 
In *,:11tiy ( iV ) 1.00 

l.,,, l ,it,,ial y -0. 379 1.00 
(LIV)(-1.531) 

PrdmI I V vapiI!t al fllal 0.838'' -0.762'' 1.00 
i-t i,, (f/I.) (5.87) (-)1.?) 

mater"i ,ia,:41i 0.315 0.250 0.1112 1.00 
Iltt.e Il y (Il/V) (1 .211) (0.97) (0.53) 

F: lrvy (ro.t 0.579'' 0.103 0.297 0.3711 1.00
Iritnoij.Ity (FLY) (2.62) (0.39) (1.16) (1.51) ID 

EnPrgFy Intensity 0.1153 -0.0311 0.215 
 0.203 0.865** 1.00
 
(E/V) 
 (1.90) (-0.14) (0.8?) 
 (0.78) (6.i4l)
 

(Inti *,r,¢f,,t 0.1121 -0.0911 0.332 
 0.138 -0.112 -0.203I fit, e ,Iv (11y) (1.73) (-0.3q) (1.32) 
1.00 

(0.52, (-0.I12) (-0.79) 

C'Tll91 lI Irth'x ofI 0. 3211 -0.2 0.209 -0.032 0.779"0 0.921" 0.382 1.00*'-'.y (IF) (1.28) (-0.76) (0.80) (-0.12) (3.99) (8.82) (-1.55) 

t((te_: F lguI. in p1,;rentheses Inleate 't' te.:t values, I P 0.11 


'"'orrlation Is aigni flantly different from '0' with confidence of 95 percent and 99 pe-cent (or) 5 percent and I percent
l,'vel of ai.ruTuficance. 

ICorrelation is significantly different from "0' with confldence of 95 percent or 5 percent level of signiflcance. 

'Corrolal in Is significantly different from "(" with conridence of 99 percent of I percent level of significance. 



II'P"I'!Ix 'l .. , -.~ C"r'v"eap ion tMnl.,'i of Cnplt I Inlot n-Ill.y will, , :cet I., Other PNrami.er' of ir-odlt.rtoo 

Produrct I vo tiat. :'l ,si Energy Unit. nuverry Componsitet~oI~rfflon ASC l.nbor ri1 1l / labor cont cost Energy Cont index of
CoOP Intensity rt. ! o Irtenn Ity Intron1ty totenn t y Inensi Ly energy 

.. .... . (K/L)_ (ElV) (U/V) (CIE).... 

I. i n! gun 207 0.9115 0.085 0.356 0.615a 0-76r''0 .i01" 0.5113 
(1.7P) (0.1-1) (1.09) (?.07) (3. 1'1) (2.6) (I .71) 

T."r, ,20 0.7n2 -0. 6 0.301 0.66i10 0.737'" 0. 6980 0.619 
(2.'!?) (-0.21) (0.77) (2.18) 
 (P.67) (2.39) (1-93)
 

C,!nt. I AtoxilIo. 231 0.90O -c,. Rl.!" _0.4)7,50 *0.2111 0.797 -0.175 0.779mm 
(,. !1 ) (-3.5) (-.196) (-0.51) (3.23)0' (-1.32) (3.01) 

11. 011o,1l w'xl.!Ios 23,, 0.6851 -0.l0ll 0.1136 0.767O 0.910"m 0.251 0.796"D 
233, P39 (2.311 (-1.06) (1.19) (P.99) (5.37) (0.66) (3.22)
 

r. P.npor and pni),!zbonrdn 271 0.88 "" -0.6990 0.793"O 0. 9'1!" 0.153 0.891" -0.587 
(11.67) (-2.1) (3.19) (7.011) 
 (0.38) ('1.82) (-1.781
 

6. lhrib " produhets 0.8011'300 -0.363 0. iI |5 0.387 0.811111' 0.717# 0.417 
(3.2) (0.96) (1.2?) (1.03) (3.06) 
 (2.52) 01.12)
 

m
7. Pi-lr- oI,hi .clls 321 0.030 0.1115 0.891 0.791m' 0. ISO 0.061 -0.O11 
(0.70) (0.36) (11.81) (3.211) (0.'17) (0.15) (-0.11)
 

fI. rt.! rrloin rIorln. 31I -0.700"N -0. 315 -0.100 0.699"• 0.7101" 0.393 0.6950
 
(-2.6) (-0.97) (-0.27) (2.59) (2.67) (1.13) (2.56)
 

9. illnrollIno,,ls piro11Mt.n 32' 0.9119' '.6280 0.765"0 0.711311 0.561 0.958*" 0.150 
or Pl rr,1 piot.rol om (7.36) (1.97) (2.91) (2.72) (1.66) (8.21) (0.37) 

10. Cnme,,t 
 3311 0.018 0-7611m 0.92''
m 

0.877m" -0.361 0.479 -C.530 
(0.05) (3.13) (6.37) 
 (11.83) (-1.02) (1.1111) (-1.65)
 

11. Iron and! stool 3411 0.3?5 0.606 0.1128 0.611 0.730" 0.001 0.789n"
 
(0.8) (1.86) (1.16) (1.09) (2.61) (0.00) 
 (3.15)
 

1P. tN=oc"rt-,rus mnt.als 311? 0.125 0.8117mm 0.878" 0.827"m 0.689# 0.372 0.530 
(0.33) ('I.?2) (4.86) (3.89) (2.51) (1.06) (1.85) 

13. SI pflIl i|I. ind 381 -0.117 0.4wI9 0.6720 -0.527 -0.2100 -0.077 -0.120r ' l'aIf f. (- . 11) ( 1 -935) ( 0. 1I) (- .6 11) (- .s ) (- 0 .2 ) (- 0 . 3 2 ) 

iii. oqllut 38niIrn38? 0.507 0.33 0.871N' 0.55 0.367 0.157 0.0119 
( I . 14) (0.16) (1 . 35) (0.13) (0.9") (0.39) (0.12) 

IS. 11.1cr vothlcln 381, -0.1131 0.600 0.7116"' 0.891'' 0.368 -0.016 -0.851"nznna11,f'n t larp 38'1 (-1.17) (1.8'!) (2.75) (11.8) (0.97) (-0.011) (-3.98) 
16. Airraft 386 0.7200 0.6600 -0.387 -0.807 m 

-0.'!33 0.610 -0.525r;Inifet, I~re (2.511) (2.15) (-1.03) (-3.35) (-1.18) (1.89) (-1.51) 

lote: Figures in pnronLhoses Indinieat, I-t.pn valt'll, II P 0. 

N' Correrlition Is nlglnfirfonl y ,ifror-ont frrom 0 wit.h e, nrlfenef or 95 poroint ;tni 99 preenL (o) 5 ero-tit and 1 
po-ve.nl. 1ovp or .nni'fleanep. 

0 Cur'i!lat [on Is nipnrI!la.ily ,l rr,.i-ol. from o wit, enf!lovne (,r 95 poreoit. (on) , p-eront iovel or s gn l nce. 

I Corl-nIt lku Is signlif!l In ly .5!fl'rrt. rom 0 will., ,onrIdor or 99 iprrno1 . (0it) I polrelt. levvl or mignireaire. 

http:po-ve.nl
http:PNrami.er
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if~ C-3.l'[' x'ii'I:Xhl, Co ir'rr,':~I~or,rta .ix ,r C';q, .,/i;d.I , flat. i. to 01,, i',.,ite,. of' Prodn ction 

.... 

i1r111:1 

. . 

r,1o 

. .(M/V) 

ASC 
,ode 

Mater I a Is 

Con t 
I ntensity 

Energy 

Cs t 
I nsl I t.y 

(F/V) 

Pnergy 
I l,!n. Ily 

(E/V) 

Unit enor-gy 

colt 
!cusl I ty 

(U/V) 

(7omposite 
Index or' 
energy 
(CIE) 

1. Sugnr a:d gur 207 0.8910 0.713" m 
-0.316 0.375 -0.828P 

(5.42) (2.71) (-0.88) (-1.07) (-2.13) 
2. Tobacon 220 -0.7911I -0.753" -0. 229 0.025 0.037 

(-3.2) (-2.8) (0.58) (0.06) (0.09) 
3. Cotton textiles 231 0.6830 0.6900 -0.82"a 0.496 -0.793"* 

(2.29) (2.3I) (-3.51) (0.i) (-3.1) 
If. Otlier' textIles 232, 0.308 -0.206 -0.1118" -0.58 -0.597 

233, 239 (0.79) (-0. ,2) (-1.23) (-1.711) (-1.82) 
5. I'Of~r' and Pap--rlo.l-rI 271 -0.1117 -0.76 1 

I"* -0.6380 -0.6110 0.123 
(-1.12) (-2.9) (-2.13) (-2.04) (0.3) 

6. lInbb,-r products 300 0.178 0.3611 -0.1119 -0.89 0.352 
(0.1111) (0.96) (-1.13) (-1.79) (0.92) 

7. Pasle chi.l- l(as 

8. Petroleum rprfineres 

311 

321 

0.069 
(0.17) 

0.107 

-0.205 

(-0.51) 

-0.284 

0.222 

(0.56) 

-0.379 

-0.929m 

(6.16) 

-0.257 

0.51111 

(1.59) 

-0.357 C 
(0.29) (-0.78) (-1.09) (-0.7) (-1.01) 

9. MlI eollan,.ou-a lroUduts 
or cal ant petroleum 

329 0.632# 
(2.00) 

0.6700 
(2.21) 

0.336 
(0.87) 

0.1139 
(1.20) 

-0.1119 
(-0.37) 

10. Cement 334 0.59 0.1117 -0.6590 -0.191 -0.708"* 
(1.93) (1.21) (-2.32) (0.52) (-2.611) 

11. Iton and seel 3
1
11 0.7270" 0.6860 0.837 m 

-0.743AN 0.363 
(2.59) (2.31) (3.75) (-2.72) (0.95) 

12. M].nre'r-nS oetals 3112 0.715"* 0.783'' 0.513 m -0.011 0.328 
(2.71) (3.33) (0.58) (-0.03) (0.92) 

1 . ShIpllI( 
repair 

Irig ann 381 0.890"* 
(5.18) 

-0.169 

(-0.51) 
0.6271 
(2.08) 

-0.581 
(-1.93) 

0.70291 

(2.61) 

Ill. hat I road ,qu Ipmnent 382 0.057 
(0.11") 

0. 4441 
(1.21) 

-0.486 
(-1.36) 

-0.1191 
(-1.36) 

-0.714)I 
(-2.50) 

15. .lq' v0lill' 
uinuif'a't ur'e 

383, 
3811 

0.523 
(1.5) 

0.778"* 
(3.03) 

0.33 
(0.86) 

-0.462 
(-1.28) 

-0.11112 
(-1.21) 

16. AlIr- -t 
mnanruf,.rt ii' 

386 -0.219 
(-0.55) 

-0.221 
(-0.56) 

-0.033 
(-0.08) 

0.0116 
(0.11) 

-0.090 
(-0.227) 

fNte: l ,iir*',-: In parentheses Indicate 1-test valnes, I1 : P = 0. 

lpereent 

i' (,Tieflat Ion Is sl 

level of' slgIlf'esance. 

li'leanuty dlffr'erent from 0 with confdence of 95 percent and 99 prcent (Oil) 5 percent and I 

0 Corrolatlon is signf'elantly different froin 0 with eonridence of 95 percent (OR) 5 percent level of significance. 
' Correlatlon Is slgnfreantly different f'rom 0 with confidence or 
99 percent (OR) I percent level of 
signlflcance. 



Apper,dlx Tal. (:-II. (Ior=latlon Matrix or mater'iai:n Cont. Intensll.y with lespect to Other Parameters of Proluctlon 

Energy Unit energy Composite 
Trihmit riten AS cost Energy cost index of 

code intensity Intennity Intensity ,Tergy 
(F/V) (E/V) (U/V) (CIE) 

1. Stigar ant P', 2n7 0.75700 -0.112 -0.17 -0.'135 

(3.06) (-0.30) (-0.46) (-1.25) 

P. Toha,.!n 2?0 0.6470
m 

0.133 -0.090 -0.10I11 
(2.08) (0.35) (-0.22) (-0.26) 

3. Collon t xt I Iq 231 0.1178 -0.8100a 0.6570 -0.733"" 
(1-33) (-3.39) (2.13) (-2.611) 

J1. Other textle s 232, 0.686: 0.1109 -0.165 0.157 
233, 239 (2.31) (1.1) (-0.111) (0.39) 

5. P-tpr -ind lpaperheardl 271 0.815-'
(3.411) -0.190(-0.410) 0.782"*(3.08) -0.7115(-0.48) 

6. flrtbrhtr p.rodrets 300 0.89110 0.6770 -O.O60 0.6760 
('4.9) (2.25) (-0.15) (2.25) 

7. fl .- IT eI,..iirlal 311 0.9142" 0.3111 0.0119 0.100 
(6.85) (0.89) (0.12) (0.25) 

8. Petroletm reflner'lea 321 0.095 0.359 -0.855"* 0.335 
(0.?5) (1.02) (-11.01) (0.911) 

9. Ml.1eellarr, ,irr pr'ohueLts 3?9 0.986'' 0.901'' 0.6555 0. 497 
of coal arid petroleum (111.117) (5.07) (2.13) (1.110) 

10. (:eini. 3311 0.962" -0.139 0.351 -0.296 
(9.311) (-0.37) (0.99) (-0.82) 

11. Iron and nte,!tl 3111 0.886" 0.869" -0.585 0.377 

('1.68) (. 31) (-1.177) (1.00) 

12. lonrorfrpotis metals 311? 0.9117* 0.87110 0.1181 0.757'' 

(7.77) (11.76) (1.115) (3.06) 

13. Sill pbir ldlli nl1d 381 -0.P97 0.338 -0.537 0.411 
1--l-l I r" (-0.82) (0. TO) (- 1.68) (1.19) 

Ill. F-l lro',il ,'llpmont 38? 0.262 0.386 0.513 -0.001 
(0.66) (1.03) (1.17) (0.00) 

15. l-trr, vehl.. 383, -0.786"* 0.71111" 0.328 -0.390 
msrrfalli lr'-o 334 (3.11) (2.73) (0.85) (-1.0l) 

16. A I reraf't 386 0.383 0.1157 -0.561 0.11B98 
rrerrrrfaterrr' (1.02) (1.26) (-1.66) (1.111) 

Fote- Figtte-tn In parenthieses Indloate t-te.t vajlv.s, II : P 0. 

'' ('or'rolatin is .igntIfcai ntly different from 0 with confidence of 95 percent and 99 percent (OR) 5 pereent and I 
1.ereer1 lvel mi al guficrice. 

II I:r'.,, lir In nligrficinrt.tly dlifferent. from 0 with eonfldiee of 95 percent (OR) 5 percent level of signifIcance. 
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