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CHAPTER 1
INTRODUCTION

Energy is a key input'in economic growth. Cross country studies
on economic growth have since long identified the close
correlation between the levels and the rate of economic growth
and energy consumptioni. In fact, energy consumption per capita
has often been considered an appropriate proxy for not only the
extent of industrialisation but also for the levels of welfare.
Attempts of most developing countries towards augmenting their
growth process have been constrained, interalia, by their access
to adequate energy sources at affordable prices. .Hence efforts
have been made, both in the developed and developing economies,
towards discovering and conserving energy sources along with

efficient utilization of available sources.

In this worldwide trend, India has not been left behind.
Attempts have been made from the early days of development
planning towards exploring new energy (both conventional and
unconventional) sources and bringing about technological
innovations towards its conservation and efficient use. The
importance attributed to the energy sector is evident from the
fact that its share in total plan outlay has increased from 18.8
per cent in the sixth plan to 26.5 per cent in the ninth plan.

These efforts seem to have yielded rich dividends. This is

1The key role of energy as an input in - the production process is
acknowledged due to its three peculiar characteristics: First is its
- pervasiveness which makes it critical to all economic activity: second is its
inability to be recycled; and third is its low elasticity of substitution with
other factors of production.




evident from the»structural shift in the composition of energy
production. There has been a shift away from traditional sources
of energy to modern commercial forms of energy (cocal oil, gas and
electricity). The share of commercial energy, which refers to
all sources of energy that pass wholly or almost entirely through
the market place (Sengupta; 1993), in total energy has almost
doubled from 32 per cent to 64 per cent during 1970-94.
Secoﬁdly, there has been an impressive growth in the production
of energy. The production of commercial energy, 2, in India
registered a growth of 1@.7 per cent per annum over the period
1970-94 (increasing from 47.77 million tones of o0il equivalent
(mtoe) in 197@0-71 to 178.45 mtoe in 1993-94). The composition of
commercial energy also has undergone major changeé. The share of
natural gas in total energy supply showed an impressive rise from
two to eight per cent during the same period. Coal aécounted for
as much as 60 per cent of total energy, though its share declined
marginally to reach 58 per cent in the 199@°s. It, however,
continues to remain the major fuel for the economy, registering
a growth rate of 5.3 per cent between 187@0-94. Generation of
power registered a growth rate of 7.98 per cent per annum between
1873-94. Over the same period, share of hydro-capacity in total
utilities (the power generated from all sources) fell from around
43 per cent to nearly 27 per cent, while that of thermal energy
increased from 54.to 71 per cent and that of nuq}ear energy

declined marginally, from 2.9 to 2.6 per cent.

2The different forms of primary commercial energy sources in India are
coal,oil ,natural gas,hydro and nuclear power.




Along with the impressive performance in the production of energy
the consumption of energy increased more than proportionately.
As a result, India’s demand for energy far exceeded the domestic
in the

production. This has been accompanied by a change

structure of demand as well. Among major energy using sectors,
the share of industry almost doﬁbled during 1953-19980 to reach
about 67 per cent and that of transport almost halved from about
46 per cent to 23 per cent during the period under consideration
(see table 1).

Thus, today industrial sector accounts for bulk

of the energy consumed in India.

Table 1.1

Percentage share in final energy consumptioh by different

sectors
Sector 1953-54{1960-61} 1970-71| 198¢-81 {1990-91
Industry 39.8 48 .7 51.6 57.9 hd.4
Transport 46.2 44 .9 29.4 23.5 24.5
-Household 9.9 19.6 14.3 12.3 13.8
Agriculture 1.7 1.8 3.8 6.1 9.0
Others 2.4 2.0 2.9 1.1 2.3

Source:GOI, Planning commission (1992)

The impressive performance on the production

notwithstanding, India cohtinues to be a net importer of oil
which exerts severe strain on India’s balance of payments. Being
a net oil importer, India’s balance of payments situation was
severely affected by the unprecedentéd hikes in international oil
- prices during the -~187@0°s. Between 19783 ard 1980, the import
value‘of petroleum , o0il and lubricants (POL) increased from a
mere 9 per cent to 78 per cent. Few years of respite was

experienced in the mid 1979°s due to the discovery of Bombay
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High. However, after the closure of over-worked oil wells at
Bombay High, indigenous production of crude oil as percentage of
total availability, which had averaged around 65 per cent over
1985-99, fell to 47 per cent in 1993-94. On the other hand, net.
crude oil and petroleum product imports increased from 12 million
tones in 197@-71 to 39 million tones in 1993-94, meeting over 4@
per cent of the demand for o0il. Thus India is highly susceptible
to fluctuations in the global oil market. The Advisory Board on
Energy (1986) estimated the total domestic investment required
for meeting the demand for fuel at Rs 450,000 crores over the
next 20 years. If the present demand and supply scenario 1s
maintained, then by 2003 A D the oil import bill is expected td
be of the order of Rs. 20,900 crores per annum. Therefore,
meeting the future energy needs of the nation is going to be a

major concern to the planners.

The excess demand for energy had its implication on the eneigy
prices which in turn had a bearing on the general price level.
Commercial energy prices in India, rose by more than ten-folds,
from an index of 100@ in 1970-71 to 1120.91 in 1894-95. The price
indices for various fuel types (Chandhok, 1994) shows that, for
the peiiod of 1970-94, furnace oil showed an average annual rise
of 16.73 per cent. This fact is strengthened by a trend analysis
of different energy product prices in India by Sarkar and
Kadekodi'(1988). Their analysis shows that, petroleum products
as a single group have shown a price increase at a trend rate of
15.91 per cent between 1970-71 and 1985-86. ) Much of this
increase has been contributed by the rise in crude oil prices (at

-

4



a rate of 20.26 per cent) and equally sharp increase in the
prices of furnace oil (19.9 per cent) and light diesel oil (17.95
per cent). Coal (the major fuel of the Indian economy) prices
remained fairly low and steady in India before nationalisation of
the coal industry. The period after nationalization in 1973 saw
fast rise in coal prices at a rate of 17.20 per cent per annum
between 1973-74 and 1985-86. Over the whole period, 197@3-71 to
1994-95, coal registered an average annual rise in prices (12.86
per cent ). During the same period price of electricity

registered the slowest annual rise of 1@.37 per cent3.

The discussion thus far has thrown up a number of issues that
requires careful empirical analysis. The most important issue
being, how best India could address her energy problem in the
short run and in the long run? The problem has both supply and
demand.dimensions. While the interventions in the supply side
have a long term perspective, the demand side of -the problem
could be addressed at least partly, in the short run. On the
demand side, one of the major issues pertains to the energy use
efficiency. Since there are evidenceé which suggests that energy

efficiency in the Indian manufacturing industry (which accounts

31t may be noted that, electricity prices in India vary substantially
across users and states. For instance, it is the lowest for agriculture (30 paise
per kilo watt hours (ppkwh)) and highest for commercial establishments (136.61
ppkwh) in 1992-91. In 1995-96, the average tariff (electricity prices) in India
was lowest for agriculture ( 24.46 paise per unit) and highest for industrial and
commercial sectors (218.36 paise per unit and 208.11 paise per unit
respectively). ‘

- S



for nearly two-thirds of the total energy consumed) is very
low4, it may be appropriate to carry out a careful analysis of
the energy use efficiency in the industrial sector. This forms
the focus of the present study. To identify the specific issues
and define the approach of the study we shall review the relevant

studies in the area.

Review of literature

Industrial countries have shown a trend towards substantial
reduction in the use of fuels, whereas India has been showing a
reverse trend (due to rapid automation). There are a number of
studies that point towards the scope for conserving energy and
the existing possibilities of improving energy efficiency in -
Indian industries. For instance The United Nations Study (1984)
claims that there is scope for the saving of significant amounts
of energy at relatively low costs by simple changes in the
production process. It also points out that a number of measures
for improving efficiency are available especially where
teéhnological improvements are concerned. The Advisory Board on
Energy (1986) has élong the same lines pointed out the need to
conserve fuel in the face of serious energy shortages. It notes
the attempts by certain developed countries like Japan, France
and United Kingdom towards conservation. This has also been seen
in a small sample of (ten) Indian industries which have proved

exemplary in the field of conserving energy. Some of them are

41t has also been pointed out that the share of energy bill in total cost
~of production for this sector has gone up from 3.9 per cent to 6.2 per cent
between 197®~71 and 1992-91 (almost doubled during the past two decades).
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Arvind Mills, Ahmedabad, Bharat Petroleum Corporation, Bombay and
so on. The scope for increasing energy efficiency in industry

was also pointed out by Pachauri (1988) in his Iﬁdian 0il Study.
He estimates a saving of Rs 24 crores per annum for the industry

through improved efficiency.

The World Bank has also enquired into the question of energy
efficiency in particular industries, ﬁith reference to the
developing countries (Mogens and Kishore (1983) for the Cenent
Industry, Meunier and Oscar (1984) for the steel industry and
Andrew (1985) for the paper and pulp industr&). These studies
contain series of measures for improving energy efficiency on the
lines of experience of the developed world. Andrew (1985) found
that energy consumed per ton of paper produced declined by 14 per
cent in the United States between 1972-1989 as a result of in-
plant improvements. He estimated a return of 20-3@ per cent in
the form of energy savings. Similarly, for the steel industry,
Meunier and Oscar quote the example of Japan and claim that a
saving of 19-15 per cent on energy consumed can be achieved by
the developing countries through the adoption of efficiency
measures. Mogens and Kishore have also concluded that there
exists substantial potential for reducing energy consumption in
developing countries and have suggested various measures. Some
of the measures suggested by these studies were improved
utilization of ;aste residuals as fuels, introduction of energy
audit, optimal plant size, improving design technology,
operational environment, skills, appropriate pricing of energy

inputs and so on.



On the other hand, one disturbing factor pointed out by these
studies is that, Indian Industries are least energy efficient

when compared to other industrial and developing countries. For
instance, in the cement industry, India shows @.163 tones of oil
equivalent (toe) of fuel consumption per ton of output, whereas
the same stands atrﬁ.®9 toe for Federal Republic of Germany and
at @.108 toe and @.161 toe for Turkey and Pakistan respectively

(Mogens and Kishore; 1983).

An important question addressed by a large number of studies
refers to the possibilities of substituting.energy with other
inputs. Earlier studies on production structures assumed
negligible substitution possibilities between energy and non-
energy inputs (capital and labour). Since energy and materials
cost constitutes a significant portion of the production cost,
their omission as a separate variable in estimation may alter the
estimates of substitution, scale economies, technical change and
lead to sub-optimal estimaﬁes of output. Berndt and Wood (1975)
tested a four input (KLEM) translog cost function with U.S
manufacturing time series data for the period 1947-71. They
found that energy and capital are complementary and that energy
and labour are substitutable. Fuss (1977) in his study on the
Canadian manufacturing sector using pooled time series (1961-71)
Ccross $ection {5 regions) data concludedvthat energy and cap}tal
are complementary. Similar results have been ré&ported by Magnus
(1879) for Netherlands, while estimating a three input function
(KLE) using annual time series data, 1950-1976. On the other
hand, ihere are some studies that show substitutability between

-

8



energy and capital. Griffin and Gregory (1978) found energy and
capital as substitutes while estimating three input (KLE)
translog cost function from pooled cross-section data for the
manufacturing sector of nine industrialized organization for
Economic Corporation and Development (OECD) countries, at five
vear intervals from 1955-13969. Pindyck (1879) applied a similaf
function to pooled cross-section time-series data for the
industrial swmotors of ten countries (seven European countries,
Canada, Japan and the U.S) during the period 1963-73 and showed

that energy and capital are substitutes.

The impact that energy shortages will have on the economy will
‘depend crucially on the elasticities of substitution between
energy and non-energy inputs. Likewise, if substantial
substitution possibilities among energy and non-energy inputs are
present, then a rise in energy prices can be absorbed by
substituting other factors in pl;oe of energy, without affecting

the output levels too adversely.

There are a number of Indian studies which investigate the price
sensitivity of energy demand and substitution possibilities among
energy components as well as between energy and non-energy inputs
in the.manufacturing sector. The focus on this sector could be
because of the fact that it is the major fuel consuming sector in
~ India. One-guch study is by Vashist 21984) which estimated the
2lasticity of substitution using a three input translog cost
function for the fotal manufacturing sector for the period 1960-

71. He found that labour is a substitute for capital and energy

9



and also that energy and capital tend to be complements in the
short run. William and Laumas (1981) estimated the substitution
elasticities using a four input (KLEM) translog cost function
using data for a cross-section of manufacturing industries for
1968. It was found that all factors are fairly good substitutes
of energy, with the exception of labour. There was divided
evidence with respect. to the relationship between labour and
energy.: they emerge as complements for some product groups and
substitutes for the others. They also found that the own price
elasticity of energy is higher than that of other factors of
production. Apte (1983) analysed the pattern of substitution
between the energy and non-energy inputs, and within the energy
inputs (broadly categorized as solid fuels, liquid fuels and
electricity) for a set of five industries. He used a pooled time-
series (1968-1971) and cross-section (across five indﬁstries)
sample. His method involved a two-stage analysis using translog
cost function. He found energy and capital to be complementary in
four out of five industries. Jha, Murty and Paul (1991) measured
the substitution elasticities between factors (capital, labour
and a combined energy material [EM] input). They considered four
manufacturing industries and estimated the translog cost function
using aggregate time-series data covering the period 196@-61 to
1982-83. It was found that capital can be substituted by labour

and/ or EM in all industries except cotton textiles.

Satyvanarayana (1995) attempted to examine the nature of energy
use, to investigate the type of technical change and quantify the

inter-factor and inter-fuel substitution possibilities through a

10



two-stage optimization technigque using a four input (KLEM)
translog form. The results showed that the output-energy ratio
declined after 1982. The more energy utilising industries were
responsible for this decline. The nature of technical change
which was found to be in favour of energy using was partially
responsible for this fall in ratio. Substitution elasticity
between energy and capital and alsc between energy and materials
declined in the eighties, thereby causing a fall in output-energy
ratio. Energy and labour emerged to be complements. High factor
and substitution elasticities reveal that there is sufficient
scope for bringing down the energy demand in the sector in real

terms.

From the studies reviewed above certain broad generalisations can
be drawn, with specific reference to the Indian manufacturiné
sector. It was seen that as far as energy efficiency was
concerned, Indian industries paint a dismal picture. They are
less energy efficient not ohly when compared to the industries in
the developed nations but also in comparison to developing
nations. The evidence on the degree of factor and fuel
substitution and demand elasticities is mixed. Regarding the
substitution possibilities among inputs, the studies confirms
that there exist substantial opportunities.

It is importaﬁt to ncte that all ﬁﬁése studies dealt with eﬁergy
use at the industry level. It could be argued that the relevance
of such studies is undermined by the fact that these studies are

not preceded by any careful analysis of the behaviour of (firms)

-~
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that constitute the industry. Hence a proper enquiry into the
different dimensions of energy efficiency calis for firm level
analysis. Indeed, there are a few micro-level studies. Such
studies suffer from a major methodological problem because they
looked into the technical inefficiency in the production process
where energy is used as one of the inputs. Such aggregate or
overall inefficiency measures are not capable of identifying
inefficiency of individual input. In India, there is hardly any
study at the industry level or at the firm level which has
attempted to measure input-specific technical inefficiency. In
general, we have identified two major gaps; (a). lack of analysis
of the firm level behaviour and (b). absence of studies on input-
specific technical inefficiency. The present study, therefore;
is an attempt to fill these two gaps by analysing the input-

specific inefficiency at the firm level.

Objectives of the study

The specific objectives of the study are as follows;

{1} to examine the trends and patterns of energy use in the

Indian manufacturing sector,

(2) to estimate input-specific (energy) inefficiehcy' at the firm

level, and

(3) to analyse the factors responsible for inter-firm variations

in energy efficiency.

Data source
The present study draws heavily on secondary sources for data.
The data on value of output and energy for each industry for the

* ' ’ 12



years 1974 to 1994 have been obtained from the Annual Survey of
Industries (ASI)- Summary Results for the Factory Sector
published by the Central Statistical Organisation (CSO). The

price indices for output and energy were taken as given by
Chandhok (1994), and RBI Reports with the base year 1981-82. For
the firm level study, data was taken from the database compiled
by the Centre for Monitoring Indian Economy (CMIE) entitled

"PROWESS " .

Chapter Scheme

The present study comprises of six chapters including an
introduction and conclusion. The second chapter examines the
trends in energy use in the Indian manufacturing sector at
disaggregate level. Here we also address issues regarding the
substitution between energy, labour and capital. On'the basis of
the analysis of inter-industry variations in energy intensity we
identified and selected the Basic Metals and.Alloys industry for
detailed analysis. The third chapter presents the methodology
used in the study. The fourth chapter presents the estimated
results of input-specific (energy) inefficiency at the firm level
using Data Envelopment Analysis. An analysis of the determinants
of inter-firm variations in energy inefficiency is the subject
matter of chapter five. The last chapter provides the main

findings and conclusions of the study.
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CHAPTER 2
TRENDS AND PATTERNS OF
ENERGY INTENSITY IN THE
INDTAN MANUFACTURITING SECTOR

Introduction
The focus of the present study, as identified in the previous
chapter, is on the analysis of input-specific inefficiency at the
firm level. From the operational side, a question which needs to
be addressed is related to the selection of an industry for
detailed firm level analysis. In the present chapter, an attempt
is made to identify a spécific industrs}'oh the basis of a
disaggregate analysis of the trends and patterns in energy
intensity in the Indian maﬁufacturing sector. The chapter is
organised as follows - The trend in energy intensity in the
manufacturing sector is examined in the first section. The
second section deals with inter-industry variations in energy use
in the manufacturing sector. The third section brings out the
case fo;v studying the firms under Basic Metals and Alloys

industry and this is followed by the conclusion to this chapter.

Trends in energy intensity in the Indian manufacturing sector:

The trend in energy use in the Indian manufacturing sector has
been examined using the energy-output (E/O) ratio which measures
the energy intensity (amount of energy consumed per.unit of
outpgt) in & unit. Induétries at two digit level ;lassification

provided by National Industrial Classification (NIC) has been

used in the analysis *. In this study, the manufacturing sector

1The relevant classification can be found in ammexure II (supplement to)
ASI, Summary results for the Factory Sector.



has been defined as all indﬁstries excluding “electricity,’
‘water works and supply’, "gas and steam” and “repair works’ .
The time period covered by this study is 1974-94. This period of
analysis is significant as this was a time of intense turmoil in
the international o0il market with implications for the net energy
importing nations like India. The o0il crisis in 1973 marked the
end of the cheap o0il era and the beginning of a subsequent and

all time increase in the prices of all fuel types.

To understand the energy intensity in the manufacturing sector
during the 1874-75 to 1993-94 period, see Graph 2.1 (page no.16)
which illustrates the energy-output ratio of the manufacturing
sector. The value of output in the manufacturing sector and the
value of energy used in production have been taken at constant
prices. The deflator used for output is the Wholesale Price
Index( WPI) for “manufacturing sector’, and the WPI for ~fuel,
0il and lubriéants'(base 1881-82z19@0) for energy=2. ‘Until the
eighties, no particular trend was observed in the E/O ratio,
however after 1883 a sharp increase can be seen till 1986. Then
onwards the ratio shows a declining trend with year to year
fluctuations. Notwithstanding the declining trend, we can see a
sizable rise in the level of energy intensity. The E/O0 ratio
touches its peak in 1985-86 as it started rising after 1983.

This indicates that after 1983 the amount of energy used to

2 The WPIs are taken from Chandhok (1993) and Index Number éf Wholesale Price
in India. .
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GRAPH 2.1

Energy Intensity in the
Indian Manufacturing sector
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produce one unit of output was higher than that required prior to
1983. This implies that the energy use in the manufacturing

sector has increased after 1382-83. In a scenario of rising fuel
cost, the industries are expected +to increase their fuel
productivity (manage energy efficiently), conserve fuel and also
examine the possibility for substitution of energy with less
expensive inputs and thus reduce cost of production. Trends in
input substitution is examined in Graph 2.2. (See Graph 2.2,
p.18). The figure shows a sharp increase in the energy-labour
ratio in the Indian manufacturing sector especially after 1983.
This would mean that substitution of labour by energy has been
taking place over the years. However the energy-capital ratio
remained more or less constant. Thus if may be Iinferred that the
energy use 1n the Indian manufacturing sector has Iincreased
especlially after 1983 partly due to the increased substitution.
This increase in energy use may indicate inefficiency in energy
use in the manufacturing sector. Let us examine this in more
detail taking the inter-industry variations in energy intensity.
The finding becomes meaningful only if there is no substitution
between energy and other inputs such as labour, capital and

materials.

Inter-industry variations in Energy Intensity:

It was seen that the pattern of energy intensity in the
manufacturing sector increased after 19é3. The trend growth rate
of energy intensity variation at industry level will provide
further insights regarding energy utilisation in the
manufacturing sector. The trend growth rate of E/O ratio was

17
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computed for a twenty year period (1974-94) and for two sub-
periocds -~ before and after the oil crisis (1974-83 and 1983-94

respectively) across industries in the manufacturing sector have‘
been taken for the study. The year 1983 has been taken as the
yvear of break (kink) since this captures the period before and
after the o0il crisis and this break has been confirmed based on
a structural break test. Moreover the dummy variable test for
the manufacturing industry as a whole has shown that the trend
break or kink at 1983 is significant (the growth rate in the
second period is significantly different from the first period).
The growth rates of E/O shows that there are inter-industry
variations. (See Table 2.1). Of the 18 industries, industries
22, 32 and 34 (Beverages and Tobacco, Non-metallic mineral
products and Metal products) registered an increase in growth
rate of E/O in the second sub-period compared to the first sub-
reriod. This implies that energy consumption by these industries
is growing at a higher rate in the 80°s compared with the 7@'s.
Industries 21, 3@ and 35 also showed an increase in growth rate
after 1983 but the R-squared was very low for these industries
(0.26, @.23 and @.11 respectively). Industries 36 and 38 showed
negative growth rate in the second sub-period. The negative
growth rate indicates that the E/O ratio has been declining over
the yvears. However it was observed that the rate of decline is

lower in the second sub-period compared to the first sub-period.



Table 2.1

TREND GROWTH RATES OF ENERGY-OUTPUT RATIO :

Industry 1974-83 1983-84 1974-94
290-21 7.89 1.912 9.41
(8.775) (1.431)
22 2.451 2.87 2.661
(2.52)*= (4.26)*%*
23 2.057 2.599 1.328
(1.75)**=* (2.733)
24 -1.747 -9.523 -1.135
(-2.26)*=* (0.825)
25 2.913 2.482 2.688
(2.336)*=* (2.86)**
26 1.381 -3.328 2.527
(1.312) (-2.448)
27 2.448 1.287 1.868
{1.348) (1.9021)
28 3.149 2.492 2.821
' (4.89)* (5.57)=*x
29 6.719 -2.838 2.941
(7.91)* (-1.2588)
39 -2.179 2.871 1.246
(-9.988) (1.909@)x*x*
31 2.018 -1.886 g.4266
(3.153)=* (-4.241)*
32 1.238 _ 1.472 1.355
(2.146)*%* (3.87)*
33 1.412 -2.288 2.562
(1.389) (-0.405)
34 -1.006 4.781 1.888
(-1.287) (8.79)*
35 -1.9589 0.044 -@.958
(=3.47)* (@.113)
36 -3.428 -1.47 -2.248
(-3.47)* (-2.426)**
37 @.34 -1.391 -2.526
(2.484) (-2.997 )%= :
38 -6.638 -3.331 -4.985
(-4.83@0)* (-3.487)™*
MFG 1.157 2.272 2.715
(2.178)** (9.738)
Source: ASY
Note: Figures in parentheses are t-ratios.

per cent level

% Significant at one
k% Significant at five per cent level ’
*x% Significant at ten per cent level
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Satyanarayana{(1995) observed that in Indian manufacturing sector
the more energy utilising and less energy utilising industries
did not experience a change in their energy utilisation status
after 1983. This suggests that there has been no shift in favour
of more energy utilising industries (new industries have not
joined the group) after 1983. The shares of the more energy
utilising and less energy utilising factories in the total number
of factories reveals that, while more energy utilising factories
had a share of 46.93 per cent of the total number of factories in
the sector in the seventies, this share came down to 45.58 per
cent after 1983. On the other hand, the le?s energ& utilising
factories improved their share in the total over the two periods
from 53.07 per cent to 54.53 per cent. This again implies that
there has beén no structural shift in the manufacturing sector
towards more energy utilising industries. In fact her results
showed that the less energy utilising factories had increased
their share in the manufacturing sector. Besides this, the
average output-energy (O/E) ratio for the more energy utilising
industries showed a decline from 18.78 in'the seventies to 16.84

after 1983 whereas for less energy utilising industries, this

43.62 after 19833, Thus, though there was no shift towards mogr

energy utilising industries in the sector, the fall in t
output-energy ratio of the industries in this category were

mainly responsible for this trend in the manufacturing sector.

3 For a detailed 3-digit in the industry wise Energy Productivity Ratio refer
to productivity (1991b).
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The Case for selecting Basic Metals and Alloys industry:

Having establishea that the energy intensity and inefficiency has
increased in Indian manufacturing, we need to study the factors
responsible for the increase in the energy used per unit of
output in the manufacturing sector after 1883. This can be
meaningfully done by carrying out a firm level study taking the
firms belonging to an industry which is more energy utilising and
also comparatively large in size. The industry for the indepth
study is chosen in the following manner. The industries in the
manufacturing sector have been divided into three categories,
High, Medium and Low energy intensive industries, based on a cut
off average E/O0 ratio computed for the manufacturing sector as a
whole. The average E/O ratio for the manufacturing sector has
been computed by averaging the average E/Q ratic of each
industry. The average E/O ratio for each industry for both the
twenty year period (1874-94) and for the iast five years (1989-
94) were taken. To categorise the various industries into the
three groups the computed E/0 ratios of the industries were
arranged in descending order. Using the cut off ratio computed
from the manufacturing sector the industries lying above the cut
off point were categorised as Highly Energy Intensive Industries
(HEI). Altogether six industries belonged to this category. The
next six industries where categorised as Medium Energy Intensive
Industries (MEI) and the remaining six industries as Low Energy
Intensive industries (LEI). It may be noted that the iﬂaustries
classified as High, Medium and Low energy intensive in the time

period 1989-94 were the same as those that occurred in the time
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period 1974-94. Table 2.2 illustrates the three categories of

industries along with their E/O ratio and output share.

Table 2.2

Mean Energy Intensity and Mean Share of output in total manufacturing; 1974-
94.

Category 1: Highly Energy Intensive Industries (HEI)

NIC Industry E/0 Rank Output Rank
" code of E/0 Share
32 Non-metallic mineral products @.2563 1 2.238 10
28 Paper and paper products 2.138 2 2.138 11
33 Basic metals and alloys 2.132 3 2.123 3
25 Jute,hemp,mesta and other
vegetable fibre ©.103 4 Q.2 17
23 Cotton and cotton textiles @.983 5 2.961 7 i
6 ?.174 1

31 Chemicals & chemical products ©.082

Category 2: Medium Energy Intensive Industries (MEI)

NIC Industry E/0 Rank Output Rank
# code of E/0 Share S
24 Wool,silk and synthetic fibre @.259 .7 ©2.059 g
34 Metal products @4 8 0.219 13 l
27 Wood and wood products 0041 9 0223 18
22 Beverages and tobacco @.036 1 @.017 15
20-21Food and food products 2.931 11 ©.165 2 i
37 Transport equipment .03 12 @.2865 6
Category 3: Low Energy Intensive Industries (LEI)
NIC Industry E/0 Rank Output Rank
code of E/O Share
35 Non-electrical machinery 2.0253 13 2.2253 8
30 Rubber,plastic,petroleum
and coal products a.925 14 2.122 4
36 Electrical machinery 2.018 15 ?2.972 5
23 Leather and fur products g.012 18 @211 16
26 Textile products #.215 17 B.021 12
38 Miscellaneous @.913 18 2.018 14

Source: Same as in Table 2.1. .
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The industry for indepth study has to be taken from the highly
energy intensive ones. Since there are six industries in this
category, we have to choose an industry from among this group.
The choice will be based on the energy intensity and output share
of the industry in the total manufacturing sector. Among the six
industries falling under the highly energy intensive industries
(see Table 2.2), it is clear that non-metallic mineral products
ranks first in energy intensity but it is only tenth in output
share; paper and paper products ranks second in energy intensity
but eleventh in output share; basic metals and alloys ranks
third in energy intensity and third in output share; and
chemicals and chemical products ranks sixth in energy intensity
and first in output share. Chemicals and chemical products being
a heterogenous group 1is rejected. Basic metals and alloys
industry appears to be the best choice as it ranks third in terms
of energy intensity and it is an important producer in terms of

output share.

Summary

This chapter examined the trend in energy intensity of the
manufacturing sector using the growth rate of energy-output ratio
for a period 1974 to 1994. It was seen that the manufacturing
sector recorded an increase in the energy intensity. This may be
attributed pa}tly to‘increased substitution of labour with energy
inputs. Based on the analysis of trends and patterns in energy
intensity across different industries we have identified the
basic metals and alloys industry for the firm level analysis.
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Having selected the industry for detailed study, let us now
proceed with the method of analysis which is taken up in the next

chapter.




Chapter 3
THEORETICAL MODELS BASED ON
NON—FPARAMETRIC METHODS

Introduction

in this chapter a description of the methodology based on non-
parametric methods employed in this study is presented. The plan of
the chapter i3 as follows: The first section gives a brief overview
of the production and cost frontiers. The concept of x-efficiency
iz explained in the =second section. A brief discussion of the
various measures of efficiency is contained in the next section. It
examines the concept of frontier estimation of efficiency and
sxplains the three frequently used frontier based measures of
efficiency, namely, parametric stochastic frontier production
function, Non-parametric programming and parametric programming.
The methodology emploved in estimating input specific ineffiéiency
in this study (DEA) , is explained in fourth section. The merits of
this non-parametric method is also discussed. Two nonparametric
measures of association- Spearman’s rank correlation coefficient
and Kendall's test of concordance are presented in the fifth

section.
Production and Cost Frontlers

Theoretically, the concept of & production frontier is none other than the
production function which defines the meodmum possible cutput for any glven
inputs. A firmis inefficient if it les below the production frontier or above

the cost frontier. In terms of the production function a firm is inefficient if



v1 < £(x1;m8)

where small yi 1S the actual output and f(.) = Ymax as given in
equation (1). Now the residual €1 defined as (y1-ymax) gives the
efficiency ratio in a firm as

€1 = yi / £(x1; B)

Similarly, Hamond (1986) gives the efficienéy ratio in terms of
a cost function. The function is specified as:

c1 > glzs; a)
where ci is the average cost of the firm and g(.) = Cmin is
defined as the frontier (minimum) cost. Now, the residual, 8i
defines the efficiency ratio of the firm as:

81 = g(z1;a)/ca
The first empirical treatment of the production function as a
frontier is in Farrell (1957) and Farrell and Fieldhouse (1962).
The Farreli methodology remains the foundation of the modern
frontier analysis. He began by dichotomising Overall or Pareto
efficiency into two multiplicative components: OE = TE . AE

where TE is technical efficiency and AE is allocative efficiency.

Technical efficiency is defined as the capacity and willingness
of a firm to produce the maximum possible output from a given
bundle of inputs and technology. It deals with the management of
technoiogy. Allocative efficiency, on the other hand refers to
the ability and willingness of a firm to equate its specific
marginal value product with its marginal cost.. It is concerned
with the acheivement of maximum profits from varying factor

-
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proportions. Thus while technical inefficiency arises from
excessive input usage, allocative inefficiency results from
employing inputs in the wrong proportions. Each of these
inefficiencies can be defined in terms of a production frontier

as the ratio of potential and actual performance.

Consider a firm employing two inputs xi and xz, producing a
single output y. The production is specified as y=f(xi, xz2) and
it is assumed (by Farrell) that the returns to scale is constant,
ie, linearly homogenecus. Then the production function can be
specified as 1 = f(xi/y, x2/¥). This enables us to draw an

isoquant II.

Here the firm is producing unit-output at the point C. Technical
efficiency, which is defined as the ratio of the actual to the
potential, can now be stated as 0B/0C. It is clear that

8 < TE ¢ 1. Now, the allocative efficiency can be spécified
given the isocost line PP which is defined by the ratio of_factor
prices. The allocative efficiency ratioc can be given by OA/OB,
whereby the firm is producing output in the most price efficient
way. It can now be seen that the overall efficiency or econonic
efficiency is the product of technical and allocative

efficiencies.

OE = TE . AE

OA/0C = OB/OC . OA/OB
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Figure 3.1

Farrall Efficiency Measurement

l!ﬂ

The éoncept of X-Efficiency

A central notion is that firms do not produce on the dﬁfer bbunds
of their production possibility surface but well within it. Thus
firms frequently produce less than maximum output with given
inputs, and at various +times they inqrease output without
increasingvinputs. Formally, X-inefficiency is defined as a
situation in which a firm’s total costs are not minimised because
the actual output from given inputs is less than the maximum
feasible level (Pearce, 1892). The degree to which actual output
is less than the maximum output (for giveﬁ inputs) is the degree
of X—inefficiency, and the increase in the output with the same
inputs increases X-efficiency (Leibenstein, 1976). Blois (1874)
suggested that it would seem that the degree of X-inefficiency
present in a firm could be defined in terms of the ratio of the

-
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actual cost per unit of output to the theoretical minimum cost
per unit of attaining that output.' Accepting this suggetion,
Leibenstein (19768) stated that the concept of X-efficiency is
best expressed in value terms of both inputs and outputs.
Suppose a firm maximises output in physical quantity terms, from
given inputs but chooses to prpduce the wrong quantity. Inthat
case also X-inefficiency exists and is better to express it iﬁ

value terms.

Farrell (19857) and Leibenstein (1966) tried to explain why firms
are not minimising their costs. Farrell found the reason in
total inefficiency which is the product of allocative and
technical Inefficiencies. Leibenstein, attributed the reason not
only to the allocative and technical inefficiencies.
Leibenstein, attributed the reason not only to the allocative and
technical factors but to all the X" factors like historical
factors, motivational factors, organisational structure;
inadequate "pressure'components or a combination of all these
factors generating an "inert area" of production in the firm.
Leibenstein (1966) pointed out that non-allocative inefficiencies
also exist in the firms, which he <called X-Inefficiency.
According to Leibenstein,

> the concept of technical efficiency suggests that the
problem is a technical one and has to do with the techniques
of an input called management. Under X-efficiency, the basic
problem is viewed as one that is intrinsnic to the nature of
human organisation, booth organisation within the firm and
organisation outside the firm (Leibenstein, 1977, p.312).

-
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X-efficiency is not the same as technical efficiency, since
X-efficiency may arise for reasons outside the knowledge or
capability of management attempting to do the managing. In
other words, it is not only a matter of techniques of
management, or anything else "technical"” in carrying out
decisions, that is involved in X-efficiency (Leibenstein,

1982, p.27).

The only limitation which the X-efficiency paradigm had been
facing was its empirical estimation. According to Button (18985)
“"the problem of X-efficiency is that it focuses on relationships
that are essentially unobservable. The factors which X-
efficiency paradigm identifies for‘the analysis wewr not able to
be quantified; and there was no adequate tool to capture the
degree of X-efficiency. But the development of the frontier
measurement using econometric method  of stochastic Frontier
Production Function and later the development of Data Envelopment

Analysis (DEA) have helped to overcome this limitation.

Different approaches to the measurement of efficiency

Several measures of efficiency have been introduced in economic
literature ranging from simple ratios to econometric modelling.
The partial productivity measure of efficiency was criticised,
since it ;gnores the effect of other inputs on efficiency. This
led to the alternative measure of efficiency based on all inputs,
that is, the Total Factor Productivity (TFP) index. Asthe TFP
index is constructed using weights the measure suffers from the
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different inputs (Farrell, 1857).

These formulations of efficiency are termed as the classical
approach, the constraints of which led to the development of the
frontier baSéd measures of efficiency. The conventional
production and cost functions have been statistically estimated
using the OLS regression technique and hence are average
functions. The average functions are naturally associated with
mean output, for given input levels as different from the
frontier functions which are associated with maximum possible

output.

There are two competing paradigms on how to estimate production
frontiers. One uses mathematical programming techniques
(deterministic) while the other employs statistical methods

~(stochastic).

Parametric Stochastic Frontier Model

This statistical methodology involves the explicit identification
of the underlying functional form and the distribution of
technical efficiency (Baurer; 1990, p.4). This model makes a
parametric representation of technology along with a two part
composed error term. One part is the statistical noise |,
generally assumed to follow a normal distribution. The. other
part represents inefficiency and is assumed to follow a
particular one sided distribution. These can be half normal,
exponential, truncated normal or two-parameter gamma.
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The parameters of the production function are estimated using
regression techniques. The residuals are decomposed into, an
unobservable random component and an inefficiency component, i.e,
the non-noise component of the error term gives the measure of X-

efficiency.

Hoﬁever it is argued ‘that the estimation of an explicit
functional form imposes unwarranted structure on the technology.
Similarly the choice of the distribution for the efficiency
residuals is usually arbitrary, guided mainly by its computaional

tractability.

The Deterministic Production Frontier

This approach envisages a deterministic optimal relationship
between inputs and output in the sense that all variations in the
firms performance is attributed to variations in firm efficiency
alone. The deterministic approach consists of parametric and%

non-parametric programming techniques.

Non-Parametric programming{(Data Envelopment Analysis)

Under this approach developed by Farrell (1957), the frontier is
constructed as a free disposal convex hull of the observed input-
output ratios by linear programming technigues; for a given set
of firms, under different assumptions about free disposability
and returns to scale. It is non—paramefiic in the sense that it
does not assume that the underlying techpology "belongs to a
certain class of fﬁnctions of a specific functional form which
depend on a finite number of parameters, such as the well known

-
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Cobb-Douglas functional form" (Diewert and Parkan, 1983, p.131).
It is "non-statistical" in the sense that it makes no explicit
assumption on the probability distribution of errors in the

production function (Sengupta, 1987 a).

Parametric programming

This approach uses a deterministic linear program to estimate a
frontier technology. Its main difference from the non-parametric
programming technigue is that the paramatric technology is
smooth, while its non-parametric counterpart is piecewise linear.
But this method is constrained by many 1imitafions which make it

of limited applicability.

Data Envelopment Analysisi:
' Built on the earlier work of Farrell (1957), DEA is based on an
engineering like approach, comparing a set of inputs, common to
all firms. The literature on DEA is a collection of programmes -
both "fractional " and "linear". The fractional program can be
thought of as the conceptual DEA model, while the linear program
is that used in actual computation of the efficiency ratio. The
fractional program determines for each firm a set of factor
weights, such that the ratio of_weighted output to weighted

inputs for that firm is maximised.

DEA employs a linear program to arrive at this efficiency ratio

which 1is consistent with a frontier interpretation of

1 The discussion in this part is based on Ganley and Cubin (1992).
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performance. DEA floats a piecewise linear surface to the rest
on the top of the observations. The facets of the hyperplane
define the efficiency frontier, and the degree of inefficiency is
quantified and partitioned by a series of matrices that measure
various distances from the hyperplane and its facets (Seiford and

Thrall, 1994).

For a cross section of Z firms, DEA generates Z sets of weights
such that the fatio of output to input collapses to a summary,
scalar measure of productive efficiency for each firm. The
constraints in the programme ensure that the efficiency index has
an intutive interpretation in the closed interval (2,1). If the
index is unity, a firm is relatively efficient or best-practice.
A value less than unity indicates a firm is inefficient relative

to peer organisations.

DEA gives a measure of efficiency for each firm which allows for
intrafirm performance evaluation. This advantage of DEA makes it
preferable to the regression techniques, in which a single set of
parameters is generated for the entire data set. Moreover DEA
imposes no functional form on production technology. It handles
multiple outputs; and qualitative as well as quantitative data
can be used as inputs. Again, real and physical values can be
used at the.same time as outputs and inputs, §ince the objective
is not to estimate the functional parameters, but“a relative

measure of performance.
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The Fractional DEA program

Based on the Farrell s measure of efficiency, Charnes, Cooper and
Rhodes (1979, 1978) formulated the fractional form of DEA.
Suppose there are Z firms producing outputs Y4, 1=1,...., + from
inputs Xk, x=1,...., m ; then the fractional program can be

written as:

¢
MAXYL V.Y
V‘Uki-l 1"ip

Subject to Z "less than unity" constraints

C=1,..,Pe. .2
And Vi, Wik >0 ' i and k

Where Vi and Wi are the respective output and input weights.

The Linear DEA program

The fractional program is not used for actual computation of the
efficiency scores because it has intractable non-linear and non-
convex properties(Charnes, Cooper and Rhodes (1878)). Rather,
Charnes and CQoper transformed it to a linear program which has
two orientations: the output orientation, which computes the
input efficiency of the firms and ihe input orientation, which

computes the input efficiency . Like all linear programs, each

has two components: a primal and a dual.

-~
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The Primal:
The linear program of output orientation for the p th branch is
obtained by setting the denominator in the objective function of

the fractional program equal to unity and hence:

[
MAXX V,Y
v‘"ki-l 1 -tp

Subject to

£ m '
0‘2 VIYIGSZ WRXM' C=1. e @ -p' L) .Z
1= k=1

And Vi, Wk >0 ¥ i and k

This program is linear. It constraints the weighted sum of inputs
to be unity and maximises the weighted sum of outputs at the p“th
branch choosing appropriate values of Vi and Wi. The less-than-
unity constraints of the fractional program are embodied in the
constraints of the primal linear program such thatthe efficiency
score cannot exceed unity.

The strict positivity assumption on weights was introduced by
Charnes, Cooper and Rhodes(1979) such that

Wi » e, w=1,...., m

vi > &€, i=1,....,t -
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Where € is an infinitesimal or non-Archimedean constant usually

of the order 10-% or 1@-2. They were introduced into the primal

because under certain circumstances 1978 model implies unity-

efficiency ratings in the fractional program for firms with non-

zero slack variables such thst further

performance remained feasible.

The Dual formulation:

The dual of the output oriented program is

minimisation of quantities of the m inputs

stated levels of the t ocutputs. ie,
MINh e (£ 5,+F 5,)
-€ +
A . k=1 x 1=y 1
2
Xyp-By=Sp=BX, Ac k=1,.....m

z
xm+5}=3iyh}wl=1'--"t

A20,c=1,....,p,....2
5y20,k=1,...,m

S$,20,i=1,...,t

improvements in

expressed as the

required to meet
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with hp unconstrained; and € 1is an infinitesimal (or non-
Archimedean) constant analogous to that used in the primal
(Charnes and Cooper (1984)). The pth firm is relatively
efficient if and only if the efficiency ratio hp* equals unity
and the slack variables are all zero. That is , if and only if:
hpX*=1 and Sx*=Six=@ & k and i.

where * indicates the optimal values of the variables in the dual

program.

In computation, the dual program is more tractable than the
primal. In the primal the constraints are indexed on all Z
firms. By contrast, in the dual the constraints are indexed on
inputs and outputs and sum over firms. The number of inputs and
outputs is never likely to exceed the number of firms. Philips,
Ravindran and Solberg (1976) have shown that the computational
efficiency of the simplex method falls with- increases in the size
of the constraint set. Hence the dual program with only (m+t)
'constraints on inpdfs and outputs is computed in preference to

its primal with Z constraints.

Diagrammatic interpretation of the dual
Figure 3.2 gives a diagrammatic presentation of the dual. A
branch is technically efficient in its use of inputs if no other
branch or linear combination of branchs, is producing equal
amounts of outputs for less of atleast one input. This definition
is equivalent to the formal efficiency conditions from the dual

as given above.
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Figure 3.2

Diagramatic Intrepretation of the Dual

Figure (3.2) illustrates a hypothetical frontier technology based
on 5 firms (G, F, B, E, and D) producing a single output Y from
two.inputs X1 and X2. Firms G, F and E, lying on the frontier,
are best practice. This implies that no other branch or linear
combination of branches can be identified producing the same
level of output for less of either of both inputs. ‘These
branches have unitf efficiency ratios and zero slacks in the
solution to the dual. Branches B and D are inefficient relative
to frontier performance. That is, for the same level of output
it is possible to find a firm, or a linear combination of firms,
which are using less of afleast one of the inputs. For the¢firm

B, a linear combination of firms E and F is producing at least as

much output as B with less of X1 and X2. The firms E and F can

be called peer groups for the firm B since they provide the

blueprints to improve performance for the firm B. It is because

-
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other things being equal, they are likely to be implementing

superior managerial procedures.

From the above model (dual input oriented model) it is clear that
there are constraints on inputs and outputs in the dual. The
input constraints define a radial contraction in inputs given by
the ratio hpx , with the additional reductions given by the non-
zero 1input slack wvariables, SOx=, x=1,...., m. The output
constraints do not include a radial adjustment and are only of
importance in so far as any of the optimal output slacks Si=,

1=1,...., + are non-—-zZero.

In figure 3.2 the solution for firm B has all input and output
slacks equal to zero. However, firm D has a non-zero slack on
the input Xi. The efficiency ratio for D is OC/OD which defines
an initial radial contraction in both inputs. However, at the
point C, firm E is producing the same ogtput for less of X1 and
the same amount of Xz2. Hence D is not fully efficient until it
reduces its consumption of Xi by the horrizontal distance C to E.
This distance is given by a non-zero slack S1 in the final

solution of the dual for firm D.

For a cross section of Z firms, DEA generates Z efficiency
ind%ces in the closed i?terval (9,1). If the index is unity, a
firm is relatively efficient or best-practice. A value léss than
unity indicates that a firm is inefficient relative to peer
organisations. Again, the efficiency index can be split into
two:
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Theta (8) : It gives the radial reduction in inputs possible in
order to obtain the projected input values.

Iota (i) : Itvﬁeasures the radial contraction possible plus the
additional reduction\in the use of input(s), if there is a slack
on that input. Both these measure will be value one 1 for
efficient firms. These measures can be explained with the

following figure.

Figure 3.3

Radial Contraction Path and Slack

In the figure 3.3, for the inefficient firm E to be rated
efficient, it should make a radial contraction of inputs Xi and
X2 to D; plus avreduction in the use of input X1 to reach C. The
radial contraction is measured by theta (8) and this radiél
contraction plus additional reduction in inputs is given by iota

(1). .
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Returns to scale?2:

The original DEA program of Charnes, Cooper and Rhodes (1979, 1378) were based
on a linear program which embodisd constant returns to scale. The program
constructs a constant returns frontier by identifying that branch which '
maximises the ratio of output to input. This ratio can be interpreted as the

maximam aversge productivity and denotes the scale efficient branch since it

el

is consistent with a position of constant returns to scale (CR3).

Figure 3.4
Average Productivity and Returns to Scale
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In figure (3.4), firm K (on the frontier) maxinises average productivity. A ray
drawn from the origin to any of the remainning firms (J or G) would have a lower

slope and would not maximise average productivity, ie (Y s > (Yo, xey, C

2 The discussion on returns to scale is followed from Banker (1984). 43



constant returns to scale frontier is therefore an unbounded ray
beggining at the origin and passing through a point of maximum
average productivity such as at firm K. Since firm K maximises -
average productivity it is scale efficient and has a unit weight
in the constraints, ie. *x =1. The remaining firms J and G have

lower average productivity ratios.

Banker (1984) pointed out that the weight on best-practice firm
describes the returns to scale. That is,

A*pp< 1 = IRS

A*vp= 1 = CRS

A*vp> 1 = DRS

For multiple inputs and‘-outputs several firms may be scale
efficient on atleast one variable such that the Banker scale
indicater would be the sum of the optimal weights on each of

those firms:

3

% %A <1=>IRS
c=1

X

L A *c=1=>CRS
c=1

x
£ A *>1=>DRS

c=1
Where some of the 7tc = @ for inefficient firms.

However, the assumption of constant returns to scale is
overrestrictive and this compelled the economists to continue
with the statistical procedures.
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Figure 3.5

The Varying Returns to Scale

The returns to scale vary from facet to facet, each.of which
represents the solution to a constraint in the dual. For
combinations of input and output lower than the scale efficient
branch, eg. along the facet BC, there are IR"3; facets reflecting
higher levels of production have DRS. The scale efficient branch

(C) is included in both the VRS and the CRS frontiers.

So, the full revised program of Banker (1984) is presented as

follows:
MINh (ﬁs f:s)
-€ +
A, P ke Egald
x
Xm.bp-—Sch_IleAc, k=1,...,m

A20,c=1,...,p,...2
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z
Yip+si- 2 Yiclc' i-l, e s o g t
c=1
£ A -1
c=1 =
Sy20,k=1,...,m

CHY I S -

In general, the CRS efficiency comparison gives a poorer
picture of performance since a firm has to be both technically
and scale efficient to qualify for a unity efficiency ratio.
Under a VRS technology dominance is weaker in the sense that
scale inefficient production may qualify as best-practice if it

is technically efficient, ie
TEi_- ors S TEi_. vyre

With CRS and VRS results before them Grosskopf and Valdmanis
(1987) argue that the CRS technology should be interpreted as
reflecting longrun performance possibilities. Analogously, the
VRS assumption indicates feasible attainment in the short run.
On this basis the long run CRS adjustment costs will be greater
than those suggested by the VRS technology. The CRS targets are
effective adjustments towards longrun equilibria, ie., the
minimum point of a U shaped average cost curve. In the short run
even the best pracﬁ;ce costs will be greater than those

attainable in the long run and so VRS costs adjustments will be

smaller than their CRS counterparts.
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Apart from the efficiency scores, DEA reports the magnitude of
inefficiency of each input. It is obtained by the difference in
the actual input usage and the required input usage for the firm |
to be rated efficient. Again, DEA helps us to understand the
magnitude of excess in each input even after the radial reduction
is made possible in their usage. This will indicate the extra

reduction required in the usage of those specified inputs.

Non-parametric Measures of Association?

Two important non-parametric measures of association have been
explored: Spearman’s rank correlation coefficient (Rho), and
Kendall’'s coefficient of concordance W. Spearman’s is a
bivariate technique for correlating X and Y and Kendall’'s is
multivariate, applicable when more than two variables are
involved. In both techniques the matched observations are
reduced to matched ranks. The techniques are "distribution-free”

and possess no equivalent parameters in the universe.

Spearman’s rank correlation coefficient is computed by the

formula:

A correlation coefficient Rho is yielded, which has values @ to
+1, values approaching +*1 having high correlation, values

approaching zero having low correlation. A test of significance

3 See Belsley B L (1978). .
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for Rho for small paired samples(N<1@) is given by comparing the
computed Rho to the table values of Rho. A computed Rho greater
than the table value requires rejection; the opposite indicates
acceptance of the null hypothesis, H@: the correlation
coefficient is zero. With large paired samples (N>18), student’s

t-test is used as follows:

N=-2
1-p2

tﬂf\

with t as a one-tailed test. Where the computed t exceeds the

standard deviate t, rejection occurs, and vice versa.

Kendall’ s coefficient of concordance is computed from the formula

128
W=
K% (N3-N)

where 12 = a constant

s sum of squared deviations of rank sums from the mean
of the rank sums
k = number of rows, that is, observations

N number of columns, that is, variables to be ranked

It is interpreted as a correlation coefficient, except that all
values are positive. W can range only betweep zero and one.
However, the closer to one that W occurs, the higher is the
association or concordance among the multivariate series of
observations. The closer W approaches zero, the less there is

concordance or agreement. It may be tested for significance where

-~
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small matched samples occur (k from 3 to 2@; N from 3 to 7), by
comparing s to the table value for the W-test. Where s is
greater, reject; where it is less, accept. The null hypothesis
is H@: the coefficient of concordance is zero. Where matched
samples are large (N>7), W is distributed as chi-square, and chi-
square 1s used as the test, with the following formula:

X2 = k(N-1)W.

Where the X2 statistic exceeds the chi-square distribution value,

reject; where it is less, accept.
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CHAPTER 4

ENERGY INEFFICITIENCY
AT THE FIRM LEVEL:-
THE ESTIMATES
Introduction
Having dealt with the method of analysing input specific
inefficiency using Data Envelopment Analysié (DEA), let us‘noﬁ
proceed with the empirical estimation and present the results of
the model. As we have already stated, the analysis is confined
to the basic .metals and alloys industry. The chapter is
organised into two sections. The data source and variables used
for the firm level analysis have been introduced in the first
section. As a prelude to this analysis, we have also examined
the share of energy in total inputs in different products groups.
Against this background, the second section presents the results -
of DEA in terms of the levels_pf energy use and ineffiqiency
across different firms. We also carry out an analysis of the
association between the energy use inefficiency and the in
efficiency in the use of other factors. This is carried out
through two non-parametric tests, namely-Spearman’'s rank
correlation coefficient and Kendall’s coefficient of concordance.
Finally, we have also attempted to examine the association
between inefficiency levels in the use of energy and the firm
characteristics.
Data Source and Variables
The firm level data for the year 1995-96 has been obtained from
CMIE s computerised database known as PROWESS, which gives data

for about six thousand companies listed in BSE. The advantage of-



this data set is that it is computerised and timely. This data
set is useful for cross section analysis, though its utility for
time series analysis is limited since it is available only from

1989-82 onwards.

The companies undef Basic Metals and Alloys industry have been
classified under four product groups as given below. The figures
in parenthesis give the number of companies in each product
group.

a) Castings & Forgings (64)

b) Pig Iron & Sponge Iron (15)

c) Steel (164)

d) Non-Ferrous Metals (869)

The estimatipn of energy inefficiency using DEA requires data on
value of output and data on various inpﬁts (energy, wages and
salaries, Gross Fixed Assets and total raw materials). The
definition and the method followed in the construction of

variables are given below for this purpose.

Value of output: It is the sum of net sales and change in stock.

(Value of Output = Sales - Indirect Taxes + Change in Stocks).

Energy (Cost): This is the total cost of commercial energy like
power, fuel and coal used in the firms under study. Energy costs
are to a certain extent, industry specific. Thus coal

consumption is a source of energy for cement and steel companies,
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and is hence classified as part of their enefgy cost. On the
other hand, coal consumption for power generation companies is

treated as a raw material expense and not energy cost.

Wages and salaries: This includes total expenses incurred by an
enterprise on all employees, including the management. Besides
salaries and wages, items such as payment of bonus, contribution
to employees provident fund and staffvwelfare expenses are also

included under wages.

Gross Flxed Assets (GFA): These are the fixed assets that are
used for producing goods and services and are shown as gross of
depreciéted value. These include movable‘and immovable assets as
well as capital work-in-progress, ie., assets which are in the

process of being installed.

Total Raw materials expenée: This is the totél cost of raw
materials and stores consumed during the accounting period. It
includes raw material expense, consumption of stores and spares
and packaging material, purchase of finished goods for resale,

etc.

All costs incidental to the purchase of raw materials are also
included under this head. Some of the incidental expenses like
transportation of raw material (which is knouwn as freight

inward), handling expenses, octroi, purchase tax, coolie and

cartage form part of the raw material cost. Though freight
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inward form part of the raw material expenses, the freight

outward is treated as distribution expenses.

These are various inputs used in DEA analysis for estimating
levels of energy inefficiency. To have an understanding of the
need for ensuring energy efficiency comes from the assumption

that energy could be a major input in the total inputs.

FIRM LEVEL ENERGY INEFFICIENCY: RESULTS OF DEA

To appreciate thé empirical results, it is important to have some
understandimng of the the extent of energy dsed by the product
groups under study. We have used here the share of energy in the
total inputs (all in terms of cost figures) for this purpose.
Within each product group, the share of energy used as input
might vary. - However, for the convenience of analysis here, we
have used the average share of excess energy used by firms under
each product group. The classification of the firms'is made on
the basis of the share of energy used in total inputs in the
product groups; i.e, above and below the average shares. Table
4.1 shows this.

Table 4.1:

Classification of companies on the basis of average share of energy used in
total inputs

Product groups Average No: of companies Total
share of -
energy > avg < avg
Pig & sponge iron 2.203 5 19 15
Steel 8.487 56 198 164
Castings & Forgings 6.127 27 37 64
Non-ferrous metals 2.823 26 33 59

Source : CMIE; 1996
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The average share of energy used in the total inputs of firms
differ across product groups. For example, while the average
share of energy in the total inputs were above eightAper cent for
steel, it was only around two per cent in the case of iron
products. The table reveals that in all the four product groups,
majority of the firms fall under the category wherein the share
- of energy in the total inputs were below the average. Ih fact
this shows that in many firms, the share of eﬁergy used in their
total inputs were very low (high), but variations are visible

across firms even among same product groups.

Results of DEA

As stated in the methodology chapter, DEA provides one of the
better ways of estimating efficiency. The features of DEA in
this estimation procedure are the following. Ganley and Cubbin
(1992) identifies the DEA efficiency score as a quantitative
guide to the inertia of its production process in the firms. DEA
also identifies the exact magnitude of the excess of each input
in different companies. It is found by taking the deviation
between the required and the actual use of each input. Even after
the radial reduction of these excess inputs, what remains is

identified as slack.

In the empirical estimation, the value of ocutput is taken as the
output variable and wariables such as energy, raw material, wage
and GFA as input variables. This estimation provided us with the

existing levels of X-inefficiency in the companies. The excess

energy used (that is, inefficiency in energy use) has been
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estimated in this manner under both the CRS and VRS assumptions.
The estimation of energy inefficiency under the VRS assumption
was anticipated to indicate that in the short run, the firms
could be made more efficient with less reduction of energy
inputs. The estimation was also to indicate that under the
assumption of CRS, the adjustment costs for making the firm
efficient became greater than those suggested by the VRS
technology since CRS reflects long run performance possibilities.
Therefore the efficiency scores of companies tﬁrned to be smaller

{(which means larger reductions is needed in the input usage).

To begin with, the firms were classified on the basis of the DEA
scores of firms (in terms of their excess energy use). On the
basis of the estimation of energy efficiency/ inefficiency levels
and the consequent classification of firms, we have tried to
analyse the product groups as well as the financial performance

of the firms across product groups.

Energy inefficiency across product groups

Firms using energy for their production might find that energy
inefficiency need not follow the same pattern in the case of both
the long run and the short run. Similarly, firms producing
different products might show differences in their 1levels of
energy use. Keeping these factors in mind, the analysis in this
section look at the trends in the eneérgy (in)efficiency levels
across product groups both for the short run as well as the long

run. The broad trends are given in table 4.2 & 4.3.
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Table 4.2
Number of firms in different energy inefficiency levels across prodict groups
(both for VRS and CRS).

CRS 1- 20 4 o 8- IE zero TOT
20 49 68 82 123 TOT 1IE

Castings & forgings 27 16 5 3 2 53 11 64
Pig & Sponge Iron 3 2 2 o2 1] 7 8 15
Steel 71 53 11 ] 1 136 28 164
Non-Ferrous Metals 17 13 19 2 2 42 17 59
Basic metals & alloys|{118 84 28 5 3 238 64 302
VRS

Castings & forgings 24 7 4 3 1 33 25 64
Pig & sponge 2 1 1 @ %) 4 11 15
Steel 62 45 8 2 g 117 47 164
Non-Ferrous Metals 14 8 6 i 1 29 3@ 59
Basic metals & alloys|192 61 19 6 @ 189 113 392

Source: Computed from data for the year 1996 provided by the computerised data
base (PROWESS); CMIE. ‘

Table 4.3 -
Distribution of firms (Percentage share of firms) of different product groups
in different energy inefficiency levels (bot.b for VRS and CRES).

CRS i- 20 4 63~ 83 IE zero TOT
20 W 63 62 1@ TOT IE
Castings & forgings 142.1 258 7.8 4.7 3.1 82.8 17.2 120
Pig & Sponge Iron 20.0 13.3 13.3 ©@.0 3.0 46.7 53.3 122
| Steel 43.2 32.3 6.7 9.9 @3.6.-832.9 17.1 120
Non-Ferrous Metals 28.8 228 170 3.4 2.0 71.2 28.8 100
Basic metals & alloysi39.1 27.8 9.3 1.7 1.478.8 21.2 1&2
VRS
Castings & forgings {37.5 18.9 6.2 4.7 1.6 61.@ 39.0 122
Pig & sponge 20.0 13.3 13.3 0.9 9.0 46.7 73.3 10
Steel 37.8 27.4 4.9 @0 .8 71.3 28.7 10
Non-Ferrous Metals 23.7 13.86 1.2 @.3 ©@.3 48.2 50.1 122
Basic metals & alloysi33.8 68.2 8.3 0.8 .4 62.6 37.4 120

Source: Same as of table 4.2

Table 4.2 shows the number of firms in the VRS and CRS category
at different energy inefficiency levels for the product groups.
Table 4.3 shoWws the distribution of firms in the different
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product groups across different levels of energy use in excess.

While the former explains the actual number of firms at different
energy' efficiency 1levels, the latter describes the actual
performance product groups in terms of energy efficiency of

firms.

First of all, an analysis of the levels of efficiency and
inefficiency for the long run is made. The table shows that in
the long run, the iron products group had the maximum percentage
of efficient firms, with more than half of the firms in this
group did not use any excess energy. While in the case of non-
ferrous metals, the efficient firms accounted for one-fourth of
the total in the long run, the steel products, casting and
forging products and basic metals and alloy firms had only around
one-fifth of +their firms using energy in +the 1long run
efficiently. However, a more dis-aggregated analysis of the
firms using energy inefficiently in the long run showed that in
majority of the firms, especially in casting and forging group as
well as in steel product groups, more than 40 per cent of the
firms had inefficiency in energy use at excess level to a narrow
range. This means that with a little more effort in the energy
management, these firms could be brought under the category of

energy efficient firms.

" Coming to the short run analysis of the firms and their product
groups, it is clear from the table that in all the four product
groups more firms were found to be inefficient in the long run

than in the short run. In fact the figures points to the fact
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that some firms in all the product grdups which were efficient in
the short run had become inefficient in the long run. The long
run energy use scenario of firms in these product groups showed
that the concentration of inefficient firms (in terms of energy

use) were in the lower stratum of 1-20 per cent of excess energy
use. Both in the long run as well as in the short run, the
number of firms with substantial excess energy (say 50 per cent)
and consequently fell beyond the scope of any energy management
programme were fortunately very less in number in these prodﬁct
groups. Product group wise, the steel products had the maximum
inefficient firms followed by castings and forging and basic

metals and alloys products.

On the whole, it can be inferred that both under CRS and VRS
assunption, in all the four product groups, the number of
companies decreased as the range of excess energy use increased.
Further, in majority of the companies the extent of excess energy
used found to be less than 4@ per cent. Also, both under CRS and
VRS assumption the product group representing steel had the
maximum number of inefficient firms, followed by castings and

forgings, non-ferrous metals and iron.

Nonparametric test

The rank correlation coefficients (r) matrix between excess of
raw material, energy, wages and GFA were calculated for q}l the
four product groups, both under CRS and VRS assumptions. The rank
correlation coefficient (r) between the excess of each pair of

inputs were positive, very high and statistically significant. On
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the whole,'one could tentatively conclude that the structural
interrelationship between different inputs, in each sub-industry
is such that, there is high linkage or interdependence between
the various inputs. However, Spearman’'s rank correlation
coefficient is a bivariate analysis which gives the association
between two variables. So in addition to this, a multivariate
analysis called Kendall’'s coefficient of concordance (W) which
gives the association between the excess of all the four inputs
was estimated and the statistical test of concordance was carried
out. In three of the product groups (Steel, Castings and
Forgings and Non-ferrous metals), coefficient of concordance (W)
is significant. In the case of steel the coefficient of
concordance (W) under the CRS and VRS assumptions were ©.03869
and ©.07372 respectively, for castings and forgings this
coefficient was @.08573 and ©.07218 and for non-ferrous metals it
was ©.139 and ©.34¢8. In the product group producing Pig iron &
sponge iron, the coefficient of concordance is zero and hence
insignificant, un@er both CRS and VRS assumption. Thus, both the
' nonparametric tests indicate that there is no association between
the eicess inputs consumed in the product group producing pig
iron and sponge iron. However for the product groups namely,
Castings and forgings, Steel and Non-ferrous metals there is

significant association between the excess of various inputs.
Energy ‘inefficiency and Firm Characteristics

At this stage, it may be instructive to examine the association

between energy inefficiency levels and certain important firm
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specific characteristics 1like p:ofitability, firm size, age
structure, export intensity, capital intensity (GFA), and
technology behavior. The method followed here uses descriptive

statistics and these figures are expected to give a background
for the econometric analysis that we are planning to carry out in

the next chapter.

a. Financial Performance (profit)

It may be argued that the energy hse efficiency interalia is
expected to have a bearing on the financial performance of any
firm, particularly in industries where energy is a major
component of cost item and the firms are price takers.
Nevertheless it is possible that even with high energy usé,
inefficient firms record a‘better financial {(profit) performance
if the firms are price makers. Hence it may be argued that the
influence of energy used efficiently oﬁ the profits levels
depend, among other things, on the competitive environment in

which it operates.

Table 4.4 and 4.5 give the financial performance of the firms in
terms of the profitability and loss. To have a comparison of the
financial performance of the energy efficient as well as energy
inefficient firms (both in the short run and in the long run),

the analysis had taken care of the VRS and the CRS assumptions.

Both in the long run as well as in the short run, majority firms

are profit making ones. However, it cannot be assumed that profit

60



making firms are energy efficient ones or the loss making firms
are the energy inefficient ones.

Table 4.4
Number of Energy Efficient and Inefficient firms according to
Financial Performance.

CRS
Product Group{ Total No Profit Making Loss Making
of firms -
Efficient|Inefficient | Efficient |{Inefficient
Casting & 64 9 43 2 19
Forging (120) (14.1) (87.2) (3.1) (15.8)
Iron 15 i 4 1 3
@1%7%)) (46.7) (26.7) (8.7) (29
Steel 164 24 97 4 39
(129) (14.6) (2.4) (2.4) {23.8)
NFM 59 16 28 1 14
(122) (27.1) (47.5) (1.7) (23.7)
BMA s 322 56 172 8 66
(192) {(18.5) (66.9) (2.7) (21.85)
VRS )
Product Total No | Profit Making Loss Making
Group of firms
Efficient|Inefficient |Efficient| Inefficient
Casting & 64 20 32 5 7
Forging (122) (31.3) (53.9) (7.8) (16.9)
Iron 15 8 3 3 1
(123) (53.3) (22.9) (29) (6.7)
Steel 164 41 8¢ 6 8
(122) (25.@) (48.8) (3.7) .| (13.8)
NFM 59 . 22 22 8 7
(1) (37.3) (37.3) . }(13.8) (11.9)
BMA s 332 91 137 22 52
(122) (29.9) (45.4) (7.9) (17.2)

Figures in parentheses are percentages to the total number of firms
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However, as shown in the table (table 4.4) the concentration of
firms in all the product groups, except the iron (in iron,
majority of firms comes under the category of energy efficient
and profit making, especially in the short run!), are in the
category of profit making, but inefficient ones. However, the
relationship between inefficient use of inputs and consequent
result of loss are evident from the fact that majority of the

loss making firms are using energy inefficiently.

Further ‘investigations into the analysis points to the fact that
under CRS conditions (long run period), the chances of

profitability are larger in the case of efficient firms than in
the case of inefficient firms. For example, the share of profit
making firms in the total energy efficient firms were 81.1
percent in the case of casting and forging éroducts, 87.5 percent
in the case of iron products, 85.7 per cent in steel industries
and 94 per cent in NFM products. Contrast to this, the share of
profit making firms in the energy inefficient group shows a
lesser figure, say, 68 per cent in casting énd forging, 57 per
cent in iron, 71 per cent in steel and 687 per cent in NFM
products. This is a hint to the fact that energy efficient firms

have a better chance of becoming profitable.

-

1 It is interesting to note here that the iron product groups showed

maximam share of energy efficient firms in our analysis in the previous section.
Here, the analysis have shown that most of these energy efficient firms are
profit making also. May be this is a pointer to the fact that firms using any

input efficiently have better chances of making profits.

-~
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Under ths VRS assumption (short run), the same do not hold good.
Here, the share of profit making firms in the group of efficient
firms as well as in the group inefficient firms do not show much
difference. This may be due to the fact that short run is too

short a period to alter the efficiency of firms in energy use.

Overall, it could be said that in the long run, the energy
efficient firms seems to be more profitable than loss making
while the inefficient firms (in terms of energy use) have a

iarger share of loss making firms.

It is expected that most of the loss making firms would bé
inefficient. However, it is a paradox that some of the profit
making firms are inefficient, or some of the inefficient firms
are profitable. The factors that leads to this ambiguity is
beyond the scope of our analysis. However, a disaggregated
analysis of the profit making firms in terms of the levels of
energy inefficiency is worth for our study which is attempted

here.
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Table 4.5 _
Number and percentage of Profit making Firms according to their
levels of energy inefficiency. :

CRS 1- 20~ W- 6 8- 1IE zero TOT
20 49 62 8a 100 TOT IE

Castings & forgings 25 11 4 1 2 43 g9 b2
percentage to total 48.1 21.2 7.7 1.9 3.9 8.7 17.3 129

Pig & Sponge Iron 3 @ 1 g 0 4 7 11
percentage to total 27.3 2.9 9.1 ©v¢ o2 36.4 633 1@

Steel 61 32 4 2 %] 97 24 121
percentage to total .4 26.5 3.3 90 oo 822 19.8 1@

Non-Ferrous Metals 14 7 8 1 2 28 16 44
percentage to total 31.8 15.¢ 13.6 2.3 2.0 636 36.4 1

Basic metals & alloys| 108 52 15 2 2 172 5 228
parcentage to total 45.2 21.9 21.9 p.9 2.9 75.4 24.6 12

VRS

Castings & forgings 21 6 3 1 1 32 2 52
percentage to total &.4 11.5 5.8 1.9 1.9 61.5 38.5 12
Pig & sponge 2 ? 1 o ") 3 8 %
percentage to total 18.2 w2 9.1 09 2.0 27.3 73.3

Steel 52 25 2 1 @ 80 41 121
percentage to total 43.0 20.7 1.7 @.8 2.4 66.1 33.9 129

Non-Ferrous Metals 12 5 4 1 @ 22 22 44
percentage to total 27.3 11.4 8.1 2.3 2.9 49.2 50.9 142

Basic metals & alloys| 87 36 10 3 1 137 91 228
percentage to total 38.2 15.8 4.4 1.3 g4 &1 39.9 10

Both under CRS and VRS assumptions; it could be seen that the
profit making firms of different product groups differ in their
energy use. Among the firms under energy inefficient category,
majority fall under the category where the levels of energy
inefficiency is less than 20 per cent. This shows that less the
inefficiency in energy use, more the chances for the firms to
become profitable. Maximum number of profitable firms using

excess energy (more than 4@_ per cent) were found in the non-
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ferrous metal products group. However, these figures account for
less than 15 per cent. A definite conclusion is not warrented at
this stage due to the absence of more rigorous anélysis (which

will be taken up in the next chapter).

The forgoing observations were found true irrespective of the

nature of the product, under both CRS and VRS assumptions.

b) Firm size

The analysis of energy inefficiency and output levels has been
taken here in two dimensions. First dimension is from the point
of view‘of firm size (here taken as output) ranges and second,

from the side of energy efficiency levels.

Table 4.6

Distribution of Output range across Knergy inefficiency levels.
output No of firmj IE IE IE IE IE
range Efficient 91-20 2@-30 3@-40 40-60 63-83
2-5@ 36 63 53 23 4 2

© (55.4) (52.9) (83.1) (82.1) (80.90) (66.7)

50-10@ 15 22 15 3 1 1
(23.1) (18.5) (17.9) (12.7) (20.2) (33.3)

100-150 5 8 8 1 @ o
(7.7) (6.7) (9.5) (3.8) (0.8) (0.8)

150-200 3 7 2 1 /] @
(4.6) (5.9) (2.4) (3.8) (2.2) (9.9)

200-500 1 14 3 2 7] @2
(1.5) (11.8) (3.8) (92.9) (0.92) (8.9)

E0O < . 5 5 3 @ g 2
(7.7) (3.8) (3.8) (2.9) (2.0) (8.9)

TOTAL 85 - 119 84 28 - 5 3
(100) (123) (102) (122) (192) (1292)
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Six ranges of value outputs (in crore Rupees) are taken here.
More than half of the firms in both efficient as well as
inefficient category had a small output range of less than 190
crores. The energy efficient firms had a better range of output

values while the inefficient ones had a narrow range. As the
level of inefficiency of the firms increased, the output range
became smaller as.could be seen from table 4.6 (see table 4.6 for
the details on energy inefficiency levels and value of output

ranges).

The dimensions from the output value range side show that as
output range increased, the share of firms in the efficient
category also increased. This is an indication to the fact that
if energy efficiency is ensured, the probability of having higher
values of output also increases. As the value of output becomes

larger, the firms have a propensity to become more efficient. See

Table 4.7.

Table 4.7

Distribution of firmms in the energy inefficiency levels across output values.

Energy inefficiency levels

Output
ranges %] 1-20 20-32 32-49 42-60 60-82 |total
2-50 19.89 34.81 29.28 12.71 2.21 1.12 190
50122 26.32 38.60 26.32 5.26 1.75 1.75 100
103-150 | 22.73 38.38 36.36 4.55 0.0 2.3 120
15@-200 | 25.20 58.33 18.867 2.0 2.20 )] 120
200522 5.58 77.78 16.67 . 2.00 2.90 100
1577, % 38.48 38.48 23.28 @ .00 ?.00 2.00 120
TOTAL 21.45 39.27 27.72 8.91 1.65 2.99 100
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c) Age structure
The age structure of the firms and the efficiency in the energy
use of the firms can have some relationship. The firms of very

young age might not use the energy potential to the full extent, -
but need not be inefficient.

However, the older the firm gets,

- the possibility of them becoming less efficient in energy
management cannot be ruled but. This is due to the fact that
after a point of time, the depreciation factor of inputs used
could cause excess energy use. So the assumption in this part of
the analysis is that older the firms, less efficient is their
energy use. Table 4.8 gives the age structure of the firms in

different energy inefficiency levels.

Table 4.8
Distribution of firms under different ranges of age across Energy

inefficiency levels.

Age 17/ 1-20 20-40 49-69 62-892 80-10@
range
P-5 9 11 7 3 1 2

(13.85) (9.40) (8.33) (19.71) (28) @)
6-10 21 24 13 8 3 2

(32.31) (20.51) (15.48) (28.57) (60) (66.6)
11-25 25 56 37 9 1 1

(38.48) (47 .86) (44.95) (32.14) (29) (33.3)
25-5@2 19 21 22 7 @ 2

(15.38) (17.95) (26.19) (25.900) (3) (9)
53-75 2 3 2 1 2 %)

(@) (2.56) (2.38) (3.57) (D) (&
75-100 @ 2 2 @ @ (7]

(D) (1.71) (2.38) (9) (3) { (@)
13D&< 2 2 1 %) @ @

() (3) (1.19) (2) (2) ()
Total 65 2 84 28 5 3

' (129) (3 (122) (199) (129) (199)
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It could be seen from the table that the efficient firms (865),
are relatively younger and in this category, there is not a

single firm which is older than 5@ years old. The maximum number

of efficient firms are found in the age structure of six to 25

(46 in number, i.e, more than 7@ per cent). However, the table

also shows that among inefficient firms also, the maximum firms

come under the same age group. Correspondingly, as the age

increases, the share of inefficient firms in the category

increased. This analysis shown in the following table (see Table

4.9). An interesting point has been noted in the table in the

column of firms in the energy inefficiency levels of 1-48 per

cent. Here, of the 201 firms, around 25 per cent were older

than 25 vears. These firms would have been efficient in their
energy use at an earlier point of time, but now have become
inefficient as their age increased and some worn out occurred.
It shows that as age increases, the inefficiency of energy use
increases.

Table 4.9

Distribution of firms at different Energy inefficiency levels across age
structrure

Energy inefficiency levels
Age @ 1-29 2043 4260 60-80 80-142 |tot
-5 29.03 | 35.48 22.58 9.68 3.23 3.0 192
6-19 29.58 | 33.80 18.31 11.27 4.23 2.82 100
11-25 13.38 | 43.41 28.68 6.98 2.78 2.8 100
~ 26-50 16.67 | 35.00 36.67 11.67 3.2 2.2 120
- 50-T75 P& | .00 33.33 18.67 2.2 3.2 120
75100 0.0 | 50.00 5.4 0.4 @.a0 3.0 122
1008&< .00 ?.00 2. 2.2 3.0 .00 - 109
Total 21.52 | 38.74 27.81 9.27 1.66 @.99 120
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d). Exports

It is assumed here that the firms who export their products might
be using energy in an efficient way. On the other hand it is
expected that the efficient firms might be able to export their
products. The table 4.1@ shows the total exports of the firms and
the levels of energy inefficiency.

Table 4.18

Distribution of firms of different levels of export earnings
across energy lnefficiency levels.

Exports 2 1-20 20-49 40-69 60-8@ | 89-
100
g 42 54 67 24 5 3
(83.64) | (46.55) (78.82) (85.71) (1) (1)
P-5@ 19 52 16 4 2 ]
(28.79) | (44.83) (18.82) (14.29) (@) (D)
5@3-100 1 5 1 2 2 2
(1.52) (4.31) (1.17) (2) () (2)
Above 4 5 2 %] @ 7]
100 (6.986) (4.31) (D) (D) () (D)
66 116 85 28 5 3
Total (122) (193) (100) {1923) (129) (123)

The table shows that most of the firms do not have any exports
worth mentioning (the firms with export earnings is less than
half of the total firms under study). However, among the firms
with export earnings, one-fourth were energy efficient and half
were on a level of low energy inefficiency- of 1-20 per cent.
This shows that only firms with energy efficiency or less
inefficiency are able to export their_products compared to least
efficient firms. See table 4.11 for share of firms in each

inefficiency levels of the different ranges of export earnings.



Table 4.11 .
Distribution of Firmes of diffarent emergy inefficiency levels according to
their export eamings

Energy inefficiency levels

Value of -

Exports o 1-20 20-40 A0-60 6080 80-90 total
@ 21.54 27.69 34.36 12.31 2.56 1.54 100
@-50 20.88 57.14 17.58 4.40 0.0 @.00 100
50-100 14.29 71.43 14.29 0.0 @.% .00 100
1203< 44 44 55.56 %%} @.00 2.0 % 7] 120

The table shows that as export value increases, the efficiency
level of firms also increases. This means that increase in
export earnings could be related to energy efficiency of the
firms, or the export intensity of firms lead them for a better

energy use.

e). Capital intensity

The theoretical assumption regarding capital is that higher
energy inefficiency 1is associated with higher investménts in
machinery as they wére supposed to ‘consume more energy. Table
4.12 below shows the levels of energy inefficiency and the gross

fixed assets of the firms.

It is important to understand at this juncture that mere
investment do not lead to efficient use of inputs. What matters
most is the efficiency with which the available capital is usedi
Smaller investment does no; mean that the firm; would not operate
in efficient conditions. Some times, the small amount of capital

helps the firms to manage them efficiently.
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The table shows that majority of the energy efficient and less
energy inefficient firms had lesser capital intensity. This could
be due to the fact that higher capital investment involves high

use of energy consumption.

Table 4.12 .
Distribution of firms with different ranges of GFA across Knergy
inefficiency levels.

GFA %) 1-29 20-49 432-60 60-89 80-100
a 3 3 5 2 2 ]
{(4.55) (2.54) (5.88) (7.14) (3) (2)
1-50@ 48 83 59 21 5 3
(72.73) (78.34) (69.4) (75) (1) (1)
50-100 6 11 3 7] 2 1}
(9.499) (9.32) (3.53) (3) (3) (3)
190-208 | 1 7 13 3 %] %]
(1.52) (5.93) (15.29) (18.7) (9) (3)
200 - 300 2 7 1 2 2 2
(3.43) (5.93) (1.18) (7.14) (3) (@)
RI%E 2 5 3 7] %] 2
1000 (3.93) (4.24) (3.53) () (9) (2)
Above 4 2 <1 1} 2 1]
19000 (6.06) (1.79) (1.18) (D) (2) ()
66 118 85 28 5 3
Total (199) (109) (123) (190) (12a) (129)
However, if we take the capital intensity as the basis of

analysis, it shows that at higher investment levels, more firms

are

inefficiency.
investment,

energy efficient or with increase

found

in the energy

efficient 1levels

in GFA,

efficient as shown by figures in table 4.13.

or least energy

This points to the fact that higher the level of
the larger the possibility of the firm becoming

more firms become
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Table 4. 13
Distribution of firms with different ranges of GFA across
Energy inefficiency levels.

Energy inefficiency levels ]
GFA %) 1-29 2040 4060 6-80 82-120¢ total
0] 23.28 23.98 38.46 15.38 2.00 2.20 1% 7]
1-50 21,92 37.90 26.94 9.59 2.28 1.37 120
5122 36.00 55.20 15.00 ?.00 2.00 @.00 122
100200 4.17 29.17 54.17 12.50 0.2 2.0 102
200300 16.67 58.33 8.33 16.67 .20 0.00 190
300-1000 | 20.00 50.00 30.200 7] 2.2 0.2 120
1223< 57.14 28.57 14.29 .20 0.0 2.20 100
Total 21.64 38.69 27.87 9.18 1.64 3.98 120

e). Technology behaviour
Firms spending more on R&D as well as firms which import foreign

technology are expected to use energy more efficiently,

especially if their R&D is oriented towards developing energy
saving technologies. From the table 4.14, it appears that 86 per
cent of the efficient firms do not spend any amount on technology
improvements.

Table 4.14

Distribution of firms of different ranges of technological levels
across Energy inefficiency levels.

Techno- %] 1-20 20-42 45-60 680 80-100
logy
2 56 93 64 22 5 2
(86.15) (79.49) (76.19) (71.43) (1) (66.67)
@.1-1 4 19 16 8 @ 2
(6.15) (16.24) (19.25) (28.57) 1%)] ()
1-12 5 3 3 %] .2 1
(7.69) (2.56) (3.57) €7%))] (&) (33.33)
Above 10 ] 2 1 @ %] 10
(3.93) (1L.71) (1.19) (@ §%))] (D)
Total 65 117 84 28 5 3
(122) (1) (123) (122) (103) (129)
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The snnlysis of the shsre =f firms of sach snergy inefficiency
lavels in different technology levels show that the more the

technology intensity, better the efficiency of energy use.

Table 4.15
Distribution of firms of different Energy inefficiency levels across the
Technology value ranges.

Energy inefficiency levels
technology 2 1-20 20-40 41060 60-80 83103 jtot
@ 23.33 | 38.75 26.67 8.33 2.8 .83 (120
2.1-1 8.51 49.43 34.04 17 .02 2.0 G2 (10
1-10 41.67 25.00 25 .00 0.0 2.2 8.33 |12
19« 8.3 66.67 33.33 0.20 Q.00 Q.02 |10
total 21.52 38.74 27.81 g.27 1.68 2.99 {12

f) Energy inmefficiency and sales:

It is expected that efficient firms would be having better sales,
since larger firms have better management practices and therefore
would be more efficient leading to higher sales. Among the firms
in the higher range of inefficiency, the sales value do not
exceed 100 crores of rupees. Firms with lesser inefficiency have

managed to gain higher sales.
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Table 4.16
Distribution of firms of different ranges of sales value across Eoergy
inefficiency levels.

Sales 2 1-20 20-42 40-60 60-80 80-100
7 2 2 |1 2 1 2
(@) (2) (1.19) | (7.14) (20.9) (@)
1-50 35 60 50 19 3 2
(53.85) | (51.28) | (59.52) | (67.86) | (60.9) (66.67)
50-100 15 23 17 4 1 11
(23.28) | (19.66) | (20.24) | (14.29) | (20.9) (33.33)
100-200 9 16 9 2 @ 2
(13.85) | (13.68) | (18.71) | (7.14) (@) (@)
2001000 5 14 4 1 ? 2
(7.69) | (11.97) | (4.78) | (3.57) (@) ()
Above 1000 1 4 3 @ o @
(1.54) |(3.42) | (3.57) | (@ (@) (@)
Total 65 117 84 28 5 3
(120) (120) (192) (109) (109) (@)

The Share of firms in each energy inefficiency levels to the
different ranges of sales is given in table 4.17 to understand
the distribution of firms in different ranges of energy
inefficiency in the different levels of sales value.

Table 4.17

Distribution of firms of each energy inefficiency levels across
different ranges of sales value.

Energy inefficiency levels
Sales 2 1-20 20-49 42-60 6080 80-1a| tot
1] 3.2 @ .00 25 .3 53 . 25 .2 2.00 | 120
2-50 20.71 35.50 29.59 11.24 1.78 1.18 | 122
53-120 24 .59 37.79 27.87 8.56 1.64 1.64 | 120
- 100-200 25.00 44 44 25 .00 5.56 3.2 .00 | 12
200-1003 | 20.83 58.33 16.67 4.17 .00 o.02 | 180
1200< 12.50 50 .00 37.50 @ .20 3.0 2.02 1 100
total 21.52 38.74 27.81 9.27 1.66 .99 | 120

S0 far, we have analysed the features of firms with energy

efficiency as well as inefficiency at a disaggregated level. The
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following table summarises many of these characteristics in the

firms in different product groups.

For this analysis, we classified each product group as efficient -
or inefficient in energy use taking the CRS figures. In the five
product groups here, the average figures for the sales, GFA;'
output, age and profits were calculated both for the efficient
firms as well as for the inefficient firms. The comparison of
the performance of the variables under analysis in both classes
give some insight into the possible analysis in the next chapter.
Table 4.18 shows the average figures of the variables among the

product groups for both efficient as well as inefficient firms.

Table 4.18
The average performance of Firms in some variables in the
efficient and inefficient energy use groups.

Product Groups Efficient group Inefficient group
IRON
Average sales 240 .29 58.49
Average GFA 340 .38 111.45
Average Age 8.13 18.57
Average net profit .87 -@3.23
STEEL
Average sales 116 .50 295.39
Average GFA 289.30 373.587
Average Age 14.39 20.26
Average net profit - 0.07 .96

CASTING AND FORGING

Average sales 36.20 49 .59
Average GFA 19.06 11.25
Average Age - 17.18 23.71

Average net profit 2.85 2.07



NFM
Average sales 121.75 73.25
Average GFA 132 .40 57 .68
Average Age 17.93 18.20
Average net profit 2.99 @ .25
ALL FIRMS
Average sales 116.78 : 194 .95
Average GFA 249.99 236.33
Average Age 14.94 20 .36
Average net profit @.48 @.06

This table summarises many of the points explained in the
analysis carried out so far. For example, in all the product
groups, the average age of firms in the efficient firms are less,
or inefficient firms are the older ones. The net profit figures
shows that the profitability of efficient firms as better in all

firms. Energy efficient firms also have better output range.

Concluding.Observations

Tﬁis chapter made an attempt towards estimating the level of
energy inefficiency at the firm level in the framework of DEA.
It was found that while some firms are highly efficient in the
use of energy, others present significant levels of inefficiency.
Given such a wide variation, a disaggregated analysis of the
various intervals of energy inefficiency 1levels were made.
Analysis carried in this direction across four different proéuct
groups revealed that maximum efficient firms are in iron whereas
the maximum energy inefficient firms are in the castings and

forgings group as well as in the steel.
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This was followed by an analysis of the association of energy use
inefficiency with inefficiencies in the use of other factors,
using nonparametric tests. The non-parametric tests have shown
that there is significant positive association between the

inefficiencies in the use of different inputs (energy, wages, raw
materials and gross fixed assets):. We have also examined, as a
prelude to the analysis in the next chapter, the association
between firm characteristics and the 1level of energy use
inefficiency. Having observed significanf inter-firm variation
in the level of energy inefficiency, the next chapter seeks to

identify the determinants of energy inefficiency.



CHAPTER 5
DETERMINANTS OF
INTER—FIRM DIFFERENCES
IN ENERCGY INEFFICIENCY

Introduction

The analysis of energy inefficiency in the preceding chapter, has
shown that there exists wide variations in the levels of energy
use inefficiency across firms. While there are a number of firms
wherein the excess energy use is zero or negligible, there are
also firms with significant amount of excess energy use. The
existence of wide interfirm variation, notwithstanding, the
available studies (as we have shown in chapter 1) focussed maiﬁly
on inter-industry variation in the energy use efficiency. In
this context it could be argued that the significance of such
studies are undermined by the fact that they have not been
preceded by any careful analysis of the behaviour of firms (with
respect to energy use) that constitute the industry. In the
present chapter, therefore, we address the question of inter-firm

variation in energy use efficiency.

The chapter is organised in the following way; the second section
presents the issues and identify certain hypotheses for empirical
verification. The third section introduces the variables used in

the analysis and describes how the variables are constructed. The



empirical results are presented in the fourth section followed by

some concluding observations.

Issues, Hypotheses and the Method

To recap the findings of previous chapter once again, out of the
total number of firms studied 21 per cent reported zero excess
use of energy or they are fully efficient in energy use. The
question that immediately follows from this finding is; what is
the probability that a firm in the Basic Metals and Alloys
industry is energy efficient and what are the factors that have
a bearing on it? Given the finding that there is wide variation
in the levels of inefficiency among those recording excess energy
use, the next question is; if a firm is found inefficient what
are the factors that determine the observed level of inefficiency
or how to account for the inter-firm variation in the energy use

efficiency ?

To identify the hypotheses for empirical verification let us now
have brief review of relevant studies. It need to be stated at
the outset that, to the best of our knowledge, there are hardly
any studies that looked into these questions. Nevertheless there
are a number studies that examined the factors that determine the
overall efficiency of the firms using multiple linear regression
models. Our approach is to identify certain hypotheses based on
these studies. Such an approach is justified in the light of the
results of the non-parametric test carried out in the previous
chapter. The non—pérametric tests have shown that'ithére is
significant positive association between the excess of various
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inputs (energy, wages, raw materials and gross fixed assets)
used. Therefore, it can be expected that the factors which
explain the overall technical inefficiency may also explain the

variations in energy inefficiency across firms.

Studies that examined the determinants of efficiency of the firms
have classified the explénatory variables into two broad
categories namely, factors internal to the firm and factors
external to the firm. Internal factors include managerial and
technical skill, training and education of employees, financing
of investments, labour management relations, economies of scale,
firm size, age of the firm, incentive structure etc. External
factors include the availability of infrastructure facilities,
foreign trade, technology, government policies etc (Goldar and
Agarwal, 1992). Higher managerial and technical skill and higher
standard of training and education of empléyees are expected to
improve the efficiency of firms. High degree of economies of
scale is generally associated with large scale production and
hence overall efficiency. Apart from enjoying economies of
scale, bigger firms have the advantage of better management and
co-ordination (Page, 1984). It is generally thought that the age
of the firm reduces the overall efficiency since it uses
technology of old vintage.

Regarding the external factors influencing efficiency it ;s
argued that while better infrastructure facilities allow the
firms to operate efficiently, external orientation necessitates
the firm to operate efficiently to maintain competitive position

-

80




in the international market. A firm with advanced technology is
expected to perform more efficiently than a firm with outdated

technology.

Technical efficiency of firms in the Indian engineering industry
has been analysed by Agarwal and Goldar (1992). The OLS
regression results revealed that the size of the firm, R & D
intensity, retention ratio and the intensity of foreign trade

(exports and imports) are major determinants of +technical

efficiency. These variables are found to have positive
coefficients. Capital intensity wvariable was found to be
insignificant. It was also found that efficiency is lower for

public sector ffrms compared to private sector firms. Goldar and
Agarwal (1999) studied the efficiency of Indian engineering firms
in the pre- and post-reform period, using both the two stage
least square method (2SLS) and OLS method. The resulté obtained
by both the methods were by and large similar. Several
explanatory variables like firm size, foreign equity
participation, age of the firm, technology imports, energy
intensity, labour-capital ratio and export intensity were used to
examine the determinants of technical efficiency. Firm size and
foreign equity participation were found to be statistically
significant and positively contributing to the technical
efficiency. The age of the firm, on the other hand, showed a

negative influence on technical efficiency.

Drawing from the above studies following hypotheses have been put
forward. The first hypothesis considers the age of the firm. It
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is hypothesised that energy inefficiency would have a positive
relationship with the age of the firm on the following ground. In
general an older firms would be using a technology of old vintage
and therefore will be relatively inefficient in its input use.
However, the above hypothesis may not hold good if the older
firms are technologically more dynamic and possess financial

resources to upgrade their technology.

Another hypothesis links energy use efficiency and the size of
the firms. Firm size and energy inefficiency is expected to be
negatively related if the bigger firms enjoy economies of scale
and the advantage of better management. On the other hand, in a
protected market with concentrated market structure, where the
large firm has substantial market power, there may not be any
incentive to be energy efficient. Hence, while one could
postulates a strong relationship the direction of +the

relationship could be either positive or negative.

Labour-capital ratio.can also have a positive relationship with
energy inefficiency since a firm with a high ratio of employment
to investment would generally be using a technology of old
vintage and therefore will be relatively inefficient in energy
use. Another hypothesis :elates to the external orientation of
the firm. There are enough empirical evidence in the literature
to suggest that outward oriented firms are more efficient as
compared to their inward oriented counterparts. An export
oriented firm will be under greater pressure to cu§‘down costs
and improve the efficiency of resource use including energy if it

-
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has to cope up with global competition. Also an export oriented
firm is expected to be more aware of the developments elsewhere.
Therefore, a negative relationship is expected with energy

inefficiency and export intensity.

It is possible to argue that the import of embddied technology
(in the form of capital goods) will have a bearing on the energy
use efficiency. If the domestic firms have greater access to
imported intermediate inputs and capital goods it could enhance
their energy use efficiency. Therefore a negative relation is

expected between energy inefficiency and import intensity.

Ultimately what really matters would be the type of technology
that the firm uses in the production process. Hence one could
assume a strong association between technology orientation of the
firm and its energy use efficiency. In a developing country like
India where the technology behaviour of firms is panifested both
in the in house R&D and imported technology one need to consider
both these variables in analysing 'the impact of technology
behaviour on energy use efficiency. It could be argued that if
the R&D is energy saving a firm can reduce its inefficiency in
energy use by spending more on R&D. Likewise providing domestic
firms greater access to imported technology can lead to greater
efficiency in resource use (energy -use). Therefore,- this
variable would have a negative relation;hip with energy
inefficiency. While stating these general hypotheses we shall
also hasten to add that the actual relétionship may vary across

industries on account of the varying techno- economic

-
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characteristics of the industry and the competitive environment

in which they operate.

Having presented the hypotheses to be empirically verified let us
now briefly deal with the method of analysis. Let us begin with
the first question. Broadly we have two sets of firms either
efficient or inefficient. This makes our dependent variable is
binary (efficient=1 and inefficient=0). In econometrics such
cases could be analysed using a probit model. To address the
"first question we have estimated a probit model of the following
type

Prob (to be efficient) = ae + aiSize + azProfitability + asa
Capital intensity + asAge + asImport intensity + asExport

intensity + avTechnology intensity + wa

where prob(to be efficient) = e x8

1 + exs
and wi.is the error term.
The second question is approached using an OLS regression.. The
functional form relating the various explanatory variables on
energy inefficiency is presented here. We have chosen a linear
function, expressed as:
EI = as + ai1Size + azProfitability + az Capital intensity +
azAge + aslmport intensity + asExport intensity + arTechnology

intensity + wi

where, EI is the percentage of excess energy used by each firm
estimated by using DEA technique. It is assumed that the
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probability of ©being efficient and the extent of energy

inefficiency are governed by the same set of factors.

Database and the construction of variables

The analysis in this chapter is also based on the data obtained
from CMIE. Since we have already dealt with the data at length
elsewhere we shall proceed with the description of the

construction of variables used in the analysis.

Age of the firm is defined as the year of incorporation minus the
current year. Size of the firm is usually measured in terms of
either gross fixed investment or sales. In the present study we
have taken total sales turnover as a measure of firm size.

Capital intensity in usually measured as the ratio of labour to
capital. 1In the absence of data on employment we have measured
capital intensity as the ratio of wages to gross fixed assets.
While export intensity is measured in terms of the ratio of
export to sales, import intensity.is measured as the ‘ratio of
import to sales. Technology intensity is measured as a ratio of
the sum of expenditures incurred for import of technology and in
house R&D to sales. Prdfitability of the firms have been

measured as the ratio of net profit to net sales.

Since the data is for only one year the analysis is free from

serial correlation. Examination of the corr;lationumétrix (with
low correlation between variables) ruled out the possibility of
multicollinearity. A§ all the variables are defined in terms of
fatios, the problem of heteroskedasticity is also taken care of.

-
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The Empirical Results:

The results of the estimated models are presented in table 5.1
and 5.2. While table 5.1 presents the results of the probit
estimates, table 5.2 presents the results of the OLS estimates.
The models are estimated fér the whole sample by pooling the
observations and also for individual product groups. Since the
number of observations in one of the industries (Iron) is found
to be only 15 we have not undertaken a separate estimation for

this industry.

Now lets look at the results of the probit estimates for the
whole industry. Among the variables that are identified in the
model only three are found to be statistically significant with
the expected signs. They are age of the firm, import intensity
and export intensity. This tends to suggest that the probability
of a firm recording excess energy-use increases with its age. The
observed positive coefficients ofv import intensity tend to
suggest that firms which import large amounts of capital and
spares are more likely to be efficient in energy use. The
significance of export intensity tend to suggest that outward
orientation acts as a compelling force for the firms to be
efficient. However, it is also possible that the firms which are
more efficient turn out to be better exporters. If this is the
céée, then there is tﬁe problem of simultaneity.and therefore a
strong conclusion is not called for with out more rigorous

analysis using a simultaneous equation framework.
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Table 5.1
Probit estimate of factors responsible for inter-firm variations
in energy inefficiency.

Variables Co-efficients
Pooled Steel CF NFM
Constant -@.5d9 -@.729 -2.974 -@.682
(3.244)* (3.908)* . (1.442) (1.883)=
Sale (Size) J.0003 ] @.223 -@. 001
(2.929) (3.873) (2.832)* (2.383)
Profit . @.329 2.971 1.006 9.333
(2.858) (1.326) (J.469) (2.374)
Import Intensity 1.988 -10.228 -497.34 7.727
(1.562)* (1.358) (1.39) (1.689)*
Export Intensity @.763 1.512 1.468 -@.801
(1.532)=* (1.727)* (1.664)* (@.298)
Age -3.922 -0.025 -@.0386 -0 .009
(2.812)* (2.262)* (1.341) (D.484)
Technology -@.93 -9.438 2.669 @.331
(2.8691) (2.578) (@.857) (2.898)
Capital -@.009 @.322 @.194 -@3.922
(0.280) (1.846)* (©2.372) (2.477)
Pseudo R2 @.0541 2.124 @.311 @.192
Log Likelihood -141 .67 -65.81 -19.843 -26.044
Chiz 16.198 15.21 17.88 12.37
No: of firms 287 158 81 55

Note: Figures in parentheses are the respective z-values

* significant at least at ten per cent level

Coming to the inter product group variation age is foﬁnd to be
;ignificant only in the caée of steel whereas export intensity is
found to be significant in steel and castings and forgings.
While the positive relationship between import intensity and
energy efficiency 1is found only in- the case of non-ferrous
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matals, and size turned out to be significant only in the case of
castings and forgings. Finally +the postulated relationship

regarding capital intensity is found only in steel.

The OLS estimate on the inter-firm variation 1in energy
inefficiency is found to be more in tune with the hypothesis we
have put forward. In the estimate using the pooled data all the
variables except import intensity , capital intensity and
technology factor are found to be significant. It is surprising
to note that notwithstanding the liberalised policy measures and
resultant competitive environment firms behavior in terms of
either technology behavior or imports have any significant
influence on the energy efficiency of firms. , The lack of
significance of the technology factor is to be viewed against the
fact that large number of firms neither do in house R&D nor
resort to technology import for upgrading their technology. The
estimates also show that larger firms are less efficient in
energy use and the profitability of firms comes down as they
become more inefficient. This tends to indicate the emergence of
a more competitive market environment wherein the inefficient
firms find it increasingly difficult to pass the higher cost of
production (in the form of higher prices) on account of the high
inefficiency to the consumers. More importantly, this finding
holds good not only for"the whole sample bup also for two out of
three industries taken up for "analysis. Similar to profit and
sale, our hypothesis regarding export intensity is found to be

hplding good for the whole sample and the steel.
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Table 5.2
Determinants of inter-firm variations in energy inefficiency
Multiple linear regression estimates).

Variables Coefficient
Pooled Steel CF NFM
Constant 16.210 11.764 23.651 22.961
(9.71@)* (5.838)* (4.135)=* (5.26@)*
Sale(stze) -0.006 -2.008 @.012 2.013
(1.825)Y* (2.725)* (2.198) (@.462)
Profit -8.129 -11.839 -42.779 1.491
(2.214)* (1.956)* (2.182)* (3.151)
Import -20.8675 25.541 28.893 -38.588
Intensity (1.384) (1.017) (3.287) (1.895)*
Export -14.288 -21.984  -16.215 ~1.143
Intensity (2.291)* (2.659)* (1.388 (@.335)
Age ?.137 @.337 -3.089 -@.222
(1.998)* (3.803)* (@3.525) (1.2086)
Technology 2.194 @2.355 -5.291 -3.448
(@2.535) (1.18@) (@.581) (2.744)
Capital @.687 2.596 3.587 @.798
(2.248)* (@.485) (@.8861) (2.128)*
Rz @.125 C @.1732 @.147 @.233
F 4.7 4.43 1.3 1.71
No: of firms 287 1586 : 61 55

Note: Figures in parentheses are the respective t-values.

* significant at least at ten per cent level

However, for the reasons already stated, we would prefer to be
cautious 1in terms of reflecting on the influence of export
orientation on energy use efficiency of firms. Finally we find
a positive and statistically significant association between
_energy use éfficiency and the age of the firm for the whole
sample and for non-ferrous metals. Though this relationship is

not found to be significant in two of the product groups the
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available results tend to under score the need for enhancing the

modernisation efforts of the older firms.

Concluding Observations:

The present chapter attempted to examine the factors causing
inter firm variations in energy efficiency. To find out the
probability that a firm is inefficient a probit estimate was
carried out. This was estimated for the whole sample as well as
for the three product groups namely steel, castings and forgings
and non-ferrous metals separately. The factors responsible for
the inter-firm variations were élso examined by running a
multiple linear regression model. The variables used for the
.analysis were age, size of the firm, profitability, import

intensity, export intensity and Technology intensity.

In the case of the probit estimates only three variables, namely,
age of the firm, import intensity and export intensity were
statistically significant with the expected signs. The above
result was obtained for the whole sample. The probit estimates
for each of the product groups reveals that there are inter
product group variations. Age was significant in case of steel
only. Export 1intensity was significant only in steel and
castings and forgings. Import.intensity was significant only in
the case of non-ferrous metals and size only in case of castings.
and forgings. The above variables also showed the expected
signs. The results of the OLS estimate were found to be more in
tune with the hypothesis put forward in this study. In the case

of pooled data all varliables except import intensity, capital
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intensity and technology factor were found to be significant.

In

general, the study shows that the larger and older firms are less

efficient in energy use and the inefficiency has a negative

relationship with profitability and export orientation.
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CHAPTER 6
SUMMARY AND CONCLUSTIONS

Th= importance of onergy management in an energy deficienﬁ

developing country like India cannot be overemphasised. More so
since secondary studies tend to suggest that energy efficiency in
the Indian manufacturing industries is very low - a matter of
serious implications for the growth potential of the economy.
The importance of studies like the present one needs to be viewed

in this background.

In the present study an attempt has been made to analyse the
firm-level energy efficiency and its determinants against the
backdrop of the trends in energy use in the Indian manufacturing
sector during the time period 1974-1994. This period witnessed a
turmoil in the international oil market with implications for
enefgy used By net energy importing countries like India. It was
found that the absolute level of energy use in the Indian
manufacturing sector was higher after 1983 when compared to the
pre-1983 period and the more energy utilising industries where
responsible for the observed increase in the energy—output ratio
after 1883. It was also found that the energy labour ratio
registered a sharp increase especially after 1983 whereas the
.energy capital ratio remained more or less constant. Thus it may
be inferred that the substitution of labour by energy has been
taking place over the years which is partly responsible for the -

increase in énergy'intensity in the sectbr especially after 1983.



An examination of the energy intensity and the share of energy
across different industries in the manufacturing sector showed
that Basic Metals and Alloys ranked third in both cases.
Therefore, for the detailed firm level énalysis the Basic Metals

and Alloys industry has been selected.

The firms under the Basic Metals and Alloys industfy were
classified into four product groups “Pig and Sponge Iron’,
‘Steel”, "Castings and Forgings® and *Non-ferrous metals”. The
excess energy use in all the above four product groups was

estimated using Data Envelopment Analysis. The analysis was done

at the firm level making use of the CMIE data. It was found that

in all +the four product groups, both under CRS and VRS
assumption, the number of companies decreases as the range of
excess energy use increases, with majority of the companies using
less than 4@ per cent of energy in excess. The study found the
simultaneous existence of highly energy efficient ahd inefficient

firms in the same product group.

Two non-parametric tests - rank correlation coefficient
(bivariate analysis) and Kendall's coefficient of concordance
(multivariate analysis) were carried out to examine 1if there
exist any significant association between the inefficiency in the
use of energy and other inputs (raw material, energy, wages and
GFA). Both the tests indicated that in three>of the product
groups namely = "Castings ahd Forgings , “Steel’ and ‘Non—férrous
metals”, there is significant association between different
factor specific inefficiencies.
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diven the high inter-firm variation in the level of energy
aefficiency another question addressed in the study pertained to
the determinants of energy (in)efficiency. Here we asked two
questions? What is the probability that a firm is efficient in

energy use and secondly what are the factors that determine the
inter-firm variation in energy use inefficiency. These two
questions were analysed using a probit model and OLS. It is
found that the probability of a firm recording efficiency in
energy use increases with its age, import intensity and export
intensity. The major factors that determine the inter-firm
variation in energy inefficiency are found t§ be the age of the
firm, size, profitability, export orientation and capital
intensity. It is su;prising to note that notwithstanding the
liberalised policy measures firms' behavior in terms of either
technology behavior or imports have any significant influence on
the energy efficiency of firms. The lack of significance of the
technolégy factor is to be viewed against the fact that large
number of firms neither do inhouse R&D nor resort to technology
import for upgrading their technology. In general the study
shows that the larger and older firms are less efficient in
energy use and the inefficiency has a negative relationship with
profitability and export orientation. All these results poiht
towards the imperative of initiating steps to deernise and
upgrade the production technology in the Indian manufacturing
sector. In bringing about these, the policy framework will have
to be tuned in such a way that a competitive environment is

created.
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