
In this paper, estimates of a  production function for Indian manufacturing (organized)
are presented, which are utilized to make an assessment of input substitution possibilities
and the pace and bias of technical change. The basic source of data for the study is the
Annual Survey of Industries (Central Statistical Office, Government of India).  Pooled
data for 22 two-digit industries for the period 1973-74 to 2007-08 have been used.  Data
on output and inputs have been appropriately deflated for their use in the estimation of
the production function for Indian manufacturing. In the period 1973-74 to 1992-93,
energy intensity in Indian manufacturing (organized) did not exhibit any distinct upward
or downward trend and remained by and large within a limited range. But, in the period
after 1992-93, there was a clear downward trend in energy intensity in Indian
manufacturing. The results indicated that there was substantially higher substitution
possibility of energy by non-energy input in the period after 1992. Also, the results indicate
that while in the period up to 1992 there was no significant factor saving bias of technical
change, in the subsequent period, technical change in India’s organized manufacturing
was capital using and energy saving in character.  Thus, the enhanced substitution
possibilities of energy by non-energy inputs (coupled with a rise the relative price of
energy input) and a capital-using energy-saving bias of technical change in the period
after 1992 appear to have caused a significant decrease in energy intensity of Indian
manufacturing in post-1992 period.

1. Introduction

1.1 Energy intensity of Indian manufacturing (or to be more specific, energy intensity
of the organized sector of Indian manufacturing) has declined significantly since 1992.
Based on an analysis of trends in energy intensity in India’s organized manufacturing in
the period 1973-74 to 2008-09, Goldar (2011) reports that while in the period 1973-74 to
1992-93, energy intensity in Indian manufacturing did not exhibit any distinct upward or
downward trend and remained by and large within a limited range, in the period after
1992-93, there was a clear downward trend in energy intensity. Between 1992-93 and
2008-09, energy intensity in Indian manufacturing declined by about 60 percent.  A similar
finding has been reported by Ray and Reddy (2007). According to their estimates, energy
intensity of Indian manufacturing declined from 787 TJ per billion Rupees of output in
1992 to 547 TJ per billion Rupees of output in 2002. The annual rate of fall in energy
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intensity was 3.6 percent.  This phenomenon of a downward trend in energy intensity of
India’s organized manufacturing in the period since 1992 is examined further in this paper
using the framework of a production function.

1.2 Goldar (2011) has argued that the post-1992 fall in energy intensity in India’s
organized manufacturing is attributable partly (if not largely) to a rise in the real price of
energy to the industrial units. This argument rests crucially on the premise that there are
substantial substitution possibilities between energy and non-energy inputs in industrial
units and that such substitution of energy by non-energy inputs took place in Indian
manufacturing after 1992 induced by a hike in the relative price of energy. A study of
input substitution possibilities is therefore important for understanding the trends in energy
intensity in Indian manufacturing in the past. Besides input substitution, the level of energy
use in industries would be impacted by technical change – the pace of technical change
and the input saving bias of technical change.  A study of technical change in India’s
organized manufacturing can therefore provide useful insight into the observed trends in
energy intensity in India’s organized manufacturing. Accordingly, in this paper, estimates
of a  production function for Indian manufacturing (organized) are presented, which are
utilized to make an assessment of input substitution possibilities and the pace and bias of
technical change.

1.3 The basic source of data for the study is the Annual Survey of Industries (Central
Statistical Office, Government of India).  Pooled data for 22 two-digit industries for the
period 1973-74 to 2007-08 have been used.  Data on output and inputs have been
appropriately deflated for their use in the estimation of the production function for Indian
manufacturing.

1.4 The rest of the paper is organized as follows. The Model is described in Section 2.
The construction of variables is outlined in Section 3.  A preliminary analysis of the data
is done in Section 4. The estimates of production function parameters and other related
parameters are presented and discussed in Section 5. The key findings are summarized in
the concluding section of the paper, Section 6.

2. The Model

2.1 The capital-labour-energy (KLE) production function specification is utilized for
this study.  Capital, labour and energy are taken as three inputs. Output is accordingly
defined as total value of output minus the value of materials. This specification is based
on the assumption that in the gross output production function, materials input is separable
from capital, labour and energy.2

2.2 For studying the role energy input in the production process in manufacturing
industries, particularly the issues of energy substitution by other inputs and input saving
biases of technical change,  the KLE production function specification is arguably better

2 For a discussion on separability, see Berndt and Christensen (1973). See also, Pindyck (1979) and Pyo and
Ha (2007).

The Journal of Industrial Statistics, Vol 1, No. 2170



than the KLEM (capital, labour, energy and materials) specification. It may be contended
in this context that economic output is created by capital, labour and energy. Materials
used are a passive partner in the production process and do not contribute to value addition
which is the essence of economic output (Lindenberger and Kummel, 2002).  It may be
added that a number of earlier studies have used the KLE specification.  These include
Goldar and Mukhopadhyay (1991), Kemfert and Welscth (2000) and Klacek et al. (2007).
Also mentionable here is the study undertaken by Pindyck (1979) who assumed that labour,
capital and energy are as a group weakly separable from materials input.

2.3 The functional form for the production function chosen for the analysis is translog,
which has found wide application in the econometric literature. Thus, a three-input translog
production function has been estimated and utilized for the analysis. The production
function is specified as:

… (1)

2.4 In the above equation, Q denotes output (or to be more specific, it denotes net
output which is obtained as value of gross output minus value of materials input), and the
subscripts i and j are for three inputs: K (capital), L (labour) and E (energy).  Thus, xK,  xL,
and xE denote capital input, labour input and energy input, respectively. In the above
equation, t denotes time, which represents technical change.

2.5 The elasticity of output with respect to each of the three inputs, which represents
the value shares of the inputs, is given by the following equations:

…(2)

…(3)

+…(4)

2.6 The rate of technical change may be derived from the production function in
equation (1) above by differentiating ln Q with respect to time, as shown in the following
equation:

…(5)

The rate of technical change varies over the sample points. Technical change is Hicks

neutral if   …(6)
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Otherwise, technical change is biased. The nature of bias of technical change can be
ascertained from the signs of   φK, φL and φE.

2.7 From the estimates of the production function given in equation (1) and the value
shares given in equations (2) to (4), the Allen elasticities of substitution (AES) can be
computed. The Allen elasticity of substitution between inputs i and j is given by

   …(7)

Where,

   …(8)

and IGijI is the cofactor of Gij in matrix G.

2.8 To estimate the production function econometrically, an appropriately specified
random error term is added to the equation in (1).  Alternatively, the value share equations
(equations 2 to 4) may be estimated jointly after adding appropriately specified error
terms to these equations.  In this paper, direct estimation of the production function is
done by taking a single equation approach.

3. Construction of Variables

3.1 As mentioned earlier, a panel dataset for 22 two-digit industries3 of ASI for the
period 1973-74 to 2007-08 has been used to estimate the production function.  Data for
the period 1973-74 to 2003-04 have been drawn from the electronic database formed by
the Economic and Political Weekly Research Foundation by combining the ASI results of
different years. This has been extended to 2007-08 with the help of published results of
ASI.

3.2 The variables have been constructed as follows. Persons engaged (or number of
employees where persons engaged is not available) is taken as the measure of labour
input (L).   A price index of energy input (PE) has been formed for each two-digit industry
by taking a weighted average of price indices of coal, oil and electricity. The weights
(which differ across industries) are based on the input-output matrix for 1993-94. The
figures on the value of fuels consumed reported in ASI are deflated by the energy price
index to derive a measure of energy input (E). Net fixed capital stock at constant prices is

3 The two-digit industry groups included in the study are NIC 15 to 36. While ASI data for more recent years
have become available, the analysis is confined to the period up to 2007-08 because the industrial classification
in ASI has undergone a major change from 2008-09 making it difficult to construct comparable time-series
data at disaggregate level beyond 2007-08.
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taken as the measure of capital input (K). This series has been formed by the perpetual
inventory method. The net fixed capital stock (at 1999-00 prices) in registered
manufacturing reported in the National Account Statistics (NAS) for March 1974 has
been used to make the benchmark estimates of net fixed capital stock (for 1973-74) in
each of the two-digit industries.  The NAS estimate has been distributed among two-digit
industries in proportion to the book value of fixed capital in these industries in 1973-74
reported in ASI. To the benchmark estimate (for 1973-74), gross investment (computed
from ASI data) at 1999-00 prices has been added and adjustment has been made for
depreciation to yield the net fixed capital stock series. The rate of depreciation has been
taken as five percent.

3.3 From the value of output reported in ASI, the value of materials has been subtracted
and then the series so obtained has been deflated. This provides the measure of output
(Q). For each two-digit industry, the best available price index has been taken from the
official wholesale price indices series as the deflator or the output price index (PQ).

4. Preliminary Analysis of the Data

4.1 Figure 1 gives a graphic presentation of energy intensity (deflated value of fuels
consumed, which includes coal, petroleum products, electricity, etc used in the factories,
divided by deflated value of net output) in Indian manufacturing in the period 1973-74 to
2007-08. A downward trend in energy intensity from the early 1990s is clearly visible.
Trend growth rate in energy intensity in the period 1973-74 to 1992-93 was 0.4 percent
per annum. By contrast, the trend growth rate in energy intensity in the period 1992-93 to
2007-08 was -4.2 percent per annum.

4.2 Figure 2 shows changes in capital intensity (fixed capital at constant prices divided
by the number of persons engaged) in Indian manufacturing over time. The growth rate in
capital intensity had accelerated in the 1990s as compared to the average growth rate
achieved in the previous two decades. However, in the 2000s, the growth rate in capital
intensity came down substantially.  The growth rate in capital intensity was 2.6 percent
per annum during 1973-74 to 1992-93 and 7.5 percent per annum during 1992-93 to
2000-01, which came down to only 1.1 percent per annum during 2000-01 to 2007-08.
Despite the relative stagnation of capital intensity in Indian manufacturing in the 2000s,
the trend growth rate during 1992-93 to 2007-08 at 4.88 percent per annum exceeded that
during 1973-74 to 1992-93.

4.3 Table 1 presents trend growth rates in energy intensity and capital intensity for
various two-digit manufacturing industries. Trend growth rates are shown for two periods:
1973-74 to 1992-93 and 1992-93 to 2007-08. It is seen from the table that there was a
significant downward trend in energy intensity in most industries in the period since 1992.
It is also seen from the table that in almost all industries the growth rate in capital intensity
during 1992-93 to 2007-08 was higher than that during 1973-74 to 1992-93. Thus the
trends in energy intensity and capital intensity observed at the aggregate manufacturing
level holds true also for most two-digit industries.
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5. Empirical Results of Production Function Estimation

5.1 Since panel data are used for the analysis, the estimation of the production function,
given in equation (1) above, was initially done by the fixed effects and random effects
models. This approach to the estimation of the translog production function has been
taken in Pyo and Ha (2007).4  The results are reported in Table 2.

5.2 For a production function to be well behaved, it needs to meet the conditions of
monotonicity and quasi-concavity.5  One serious problem encountered with the production
function estimates presented in Table 2 is that these do not meet the condition of
monotonicity at the sample mean.  The Hausman test indicated that the fixed effects model
should be preferred over the random effects model (the Chi-squared value for the test at
12 degrees of freedom was found to be 39.5, far exceeding the critical value from the
Chai-squared table).  Therefore, for further analysis, the fixed effects model has been
adopted. Two further changes have been made to deal with the problem that the results of
the fixed effects model shown in Table 2 do not meet the conditions of monotonicity.
First, the assumption of constant returns to scale has been imposed on the production
function. This assumption imposes the following restrictions on the parameters:

… (9)

5.3 Secondly, the year effects are dropped from the model and only industry fixed
effects are retained.  The estimates of production function with these changes made in the
estimation method are shown in Table 3.

5.4 The estimated production function shown in Table 3 meets the condition of
monotonicity and quasi-concavity at sample mean.6 The estimated value shares are 0.397
for capital, 0.296 for labour and 0.307 for energy.  The Allen elasticities of substitution
have been computed at the sample mean, from the estimated parameters and estimated
value shares, using the method described in equations (7) and (8). The own parial elasticities
of substitution (AESii) are negative, as they should be. The cross partial elasticites of
substitution (AESij) are: capital and labour, 1.51; capital and energy, 0.60; and labour and
energy, 1.2.  This suggests that the three inputs are substitutable for one another.

4 There are several other studies that have applied fixed effects or random effects model to estimate the
translog production function from panel data. These include Garrick and Veloso (2005).
5 For a discussion on monotonicity and quasi-concavity, see Berndt and Christensen (1973), among others.
Monotonicity requires the estimated value shares to be positive. Quasi-concavity requires that the bordered
Hessian matrix of the first and second partial derivatives of the production function should be negative semi-
definite.
6 Ideally, the conditions of monotonicity and quasi-concavity should be checked at each data point. This
would impose a huge computational burden, and hence not done. The checking of monotonicity is easier.
This has been done for all data points, and it is found that the condition is monotonicity is met in almost all
observations (over 99.5 percent).
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5.5 At the sample mean, the estimated rate of technical change is 2.6 percent per annum.
This may be interpreted as the average rate of technical progress in Indian manufacturing
(organized) in the period 1973-74 to 2007-08. A test of Hick neutrality of technical change
has been carried out, testing for the parameter restriction given in equation (6) above.
This is rejected by the data (the value of F (2, 739) is 18.55, well above the critical value).
Thus, there is indication of a bias in technical change. Considering the estimates of φ
terms, it may be inferred that technical change was capital using and energy saving.

5.6 Since the trends in energy intensity in Indian manufacturing in the period after
1992 were quite different from those in the period 1973 to 1992, the translog production
has been estimated separately for the periods 1973-74 to 1992-93 and 1994-95 to 2007-
08.7 The purpose is to find out if the estimates of elasticity of substitution and the rate and
bias of technical change differ between the two periods. Table 4 present estimates of
production function parameters for the two periods mentioned above.  Table 5 presents
estimates of Allen partial elasticity of substitution and the rate and bias of technical change
for the two periods.

5.7 The estimates of the translog production for Indian manufacturing for the periods
1973-74 to 1992-93 and 1994-95 to 2007-08 shown in Table 4 satisfy the condition of
monotonicity and quasi-concavity at the sample mean. The estimated own elasticity of
substitution at the sample mean has the expected negative sign for all three inputs in both
sets of estimates. It is seen from Table 4 that the number of coefficients that are statistically
significant is greater in the estimates for 1994-95 to 2007-08 than those for the period
1973-74 to 1992-93. The estimated partial elasticity of substitution (at the sample mean)
between capital and energy is 10.98 for the period 1994-95 to 2007-08, while it is only
0.21 for the period 1973-74 to 1992-93. The estimated partial elasticity of substitution
between labour and energy is again substantially higher in the latter period, i.e. 1994-95
to 2007-08. The same holds true for the estimated own elasticity of substitution of energy
and hence for the price elasticity of demand for energy.  The results suggest that
substitutability of energy by non-energy input was greater in the period 1994-95 to 2007-
08 than that in the period 1973-74 to 1992-93.

5.8 The rate of technical change (at the sample mean) in the second period was higher
than that in the first period. It was 4.14 percent per annum during 1994-95 to 2007-08 as
against 2.5 percent per annum during 1973-74 to 1992-93. What is more important to
note is that the hypothesis of Hick neutral technical change is not rejected by the data for
the first period, but this hypothesis is rejected by the data for the second period. In the
former case, the computed F-ratio does not exceed the tabulated value at five percent

7 When the second period was taken as 1993-94 to 2007-08, it was found the estimated production
function does not meet the condition of quasi-concavity at sample mean. This is the reason why
the second period is taken as 1994-95 to 2007-08. In this case, the condition of quasi-concavity is
satisfied at sample mean.
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level. In the latter case, the computed F-ratio exceeds the tabulated value even at o.1
percent level. The implication of this result is that there was a biased technical change in
the period 1994-95 to 2007-08. Examining the φ terms, it is evident that technical change
was strongly capital using and energy saving in the period 1994-95 to 2007-08.

6. Conclusion

6.1 In the period 1973-74 to 1992-93, energy intensity in Indian manufacturing
(organized) did not exhibit any distinct upward or downward trend and remained by and
large within a limited range. But, in the period after 1992-93, there was a clear downward
trend in energy intensity in Indian manufacturing. According to the estimates of Goldar
(2011), between 1992-93 and 2008-09, the energy intensity in Indian manufacturing
(organized) declined by about 60 percent. This phenomenon of a downward trend in energy
intensity of India’s organized manufacturing in the period since 1992 was examined further
in this paper using the framework of a production function. A translog production function
was estimated using panel data for 22 two-digit industries for the period 1973-74 to 2007-
08.

6.2 The results indicated that there was substantially higher substitution possibility of
energy by non-energy input in the period after 1992. Also, the results indicate that while
in the period up to 1992 there was no significant factor saving bias of technical change, in
the subsequent period, technical change in India’s organized manufacturing was capital
using and energy saving in character.  Thus, the enhanced substitution possibilities of
energy by non-energy inputs (coupled with a rise the relative price of energy input) and a
capital-using energy-saving bias of technical change in the period after 1992 appear to
have caused a significant decrease in energy intensity of Indian manufacturing in post-
1992 period.
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Note: Energy intensity= deflated value of fuels consumed divided by deflated
value of net output (gross output minus value of materials)

Note: Capital intensity= Fixed capital at 1999-00 prices per person engaged.
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Table 1: Growth Rates in Energy Intensity and Capital Intensity (% per
annum) in Two-Digit Industries, 1973-74 to 2007-08, by sub-period

15 Food Products and Beverages -0.73 -3.40 3.01 5.43
16 Tobacco Products -0.69 -3.35 -0.49 8.30
17 Textiles 0.54 -4.76 4.51 5.12
18 Wearing Apparel, Dressing and -1.43 3.81 1.31 4.14

Dyeing of Fur
19 Tanning and Dressing of Leather, 4.42 -1.10 3.68 1.42

 Manufacture of Luggage, Handbags,
Saddlery, Harness and Footwear

20 Wood and Products of Wood and Cork, 1.38 0.74 3.13 5.77
Except Furniture, and manufacture of
Articles of Straw and Plating Materials

21 Paper and Paper Products 1.96 -5.22 2.09 2.81
22 Publishing, Printing and Reproduction 2.56 2.40 2.32 8.53

of Recorded Media
23 Coke, Refined Petroleum Products -0.54 -1.23 0.25 11.68

and Nuclear Fuel
24 Chemicals and Products -0.25 -3.91 0.41 3.79
25 Rubber and Plastic Products 0.80 -3.76 2.68 3.33
26 Other Non-Metallic Mineral Products -1.56 -5.20 3.66 3.77
27 Basic Metals 0.92 -2.44 1.95 4.18
28 Fabricated Metal Products, Except 2.61 -5.22 1.56 2.91

Machinery and Equipment
29 Machinery and Equipment N.E.C. 0.50 -4.08 1.54 4.57
30 Office, Accounting and Computing -7.62 -5.06 3.14 11.02

Machinery
31 Electrical Machinery and Apparatus -0.39 -5.18 -0.12 4.09

N.E.C.
32 Radio, Television and Communication -1.45 -11.41 3.81 9.65

Equipment and Apparatus
33 Medical, Precision and Optical -2.17 -10.69 1.70 2.13

Instruments, and Watches and Clocks
34 Motor Vehicles, Trailers and Semi-Trailers 0.75 -5.90 2.03 5.81
35 Other Transport Equipment 1.71 -6.71 2.22 9.61
36 Manufacture of Furniture; -4.33 -2.46 1.78 4.10

Manufacturing N.E.C.
Manufacturing 0.40 -4.20 2.57 4.88

Industry
code

Description

Energy Intensity
Growth rate

Capital Intensity
Growth rate

1973-74
to

1992-93

1992-93
to

2007-08

1973-74
to

1992-93

1992-93
to

2007-08
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Table 2: Estimates of the Translog Production Function,
Indian Manufacturing

αK 1.109 1.27 2.029** 2.42
αL 1.217 1.52 0.793 1.15
αE 1.273 1.53 0.088 0.11
βKK 0.007 0.07 -0.111 -1.10
βLL 0.036 0.43 0.083 1.36
βEE 0.058 0.64 -0.034 -0.41
βKL -0.033 -0.54 -0.066 -1.17
βKE -0.036 -0.40 0.082 0.97
βLE -0.093 -1.44 -0.062 -1.08
φK 0.020*** 5.68 0.021*** 6.16
φL -0.002 -0.80 -0.002 -1.21
φE -0.011*** -3.56 -0.013*** -4.94
λ -0.109*** -3.59 -0.091*** -3.30
θ -0.0004 -1.17 -0.0007** -2.52
R-squared 0.915 0.913
Number of                 770                            770
observations

Parameter Fixed effects model Random effects model
coefficient t-value coefficient t-value

Note: *** indicates significance at 1% level, and ** 5% level

Table 3: Estimates of the Translog Production Function, Indian Manufac-
turing, Constrained Linear Regression with Restrictions on Parameters

Parameter coefficient t-value
αK 0.542** 2.10
αL 0.329** 2.39
αE 0.130 0.55
βKK -0.005 -0.07
βLL 0.056 1.07
βEE -0.041 -0.57
βKL -0.046 -1.07
βKE 0.051 0.77
βLE -0.010 -0.23
φK 0.017*** 5.77
φL -0.003 -1.42
φE -0.014*** -5.42
λ -0.024*** -2.65
θ 0.00004 0.15
Industry effects Yes
Year effects No
Number of observations 770

Note: *** indicates significance at 1% level, and ** 5% level
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Table 4: Estimates of the Translog Production Function, Indian
Manufacturing, Constrained Linear Regression with Restrictions on

Parameters, 1973-92 and 1994-2007

Note: *** indicates significance at 1% level,  ** 5% level and * 1% level.

αK 1.130*** 2.93 -0.066 -0.21
αL 0.323* 1.76 0.208 1.33
αE -0.453 -1.32 0.858*** 2.64
βKK -0.101 -0.71 -0.134 -1.40
βLL 0.080 1.29 -0.289*** -4.02
βEE -0.217* -1.85 0.134 1.30
βKL -0.098 -1.40 0.279*** 4.54
βKE 0.198* 1.75 -0.145* -1.66
βLE 0.018 0.31 0.011 0.22
φK 0.011** 2.25 0.051*** 6.53
φL -0.002 -0.70 -0.033*** -6.60
φE -0.009* -1.82 -0.018*** -3.36
λ -0.006 -0.35 -0.102*** -4.73
θ 0.00002 0.15 0.0024 1.44
Industry effects                Yes                              Yes
Year effects                      No                               No
Number of                       440                              308
observations

Parameter 1973-74 to 1992-93 1994-95 to 2007-08
coefficient t-value coefficient t-value

Table 5: Estimates of Allen Partial Elasticity of Substitution and the Rate
and Bias of Technical Change, for the periods 1973-92 and 1994-2007

Parameter 1973-74 to 1992-93 1994-95 to 2007-08
AESKK -1.30 -5.15
AESLL -8.37 -1.28
AESEE -1.13 -26.75
AESKL 2.70 -1.29
AESKE 0.21 10.98
AESLE 1.31 4.54
Mt (Rate of technical 2.45 4.14
change)
Test of Hicks Neutrality Not rejected Rejected
of technical change
Gap between φK and φE 0.019 0.067

Note: Based on parameter estimates presented in Table 4. The estimates of  Elasticity and Rate of
technical change are at the sample mean.
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