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Abstract 
In most cases, energy use in the production of a given desirable output results in the generation 

of undesirable output also as a by -product. Thus, the aim of this paper is to estimate energy use 

efficiency in Indian cement industry considering energy related undesirable emission. Depending 

on the presence and absence of undesirable output and environmental regulation, three 

measures of efficiency have been estimated at the state level from 2000-01 to 2004-05 by 

applying Data Envelopment Analysis. The first measure of energy efficiency considers both 

desirable and undesirable output simultaneously and assumes weak disposability of undesirable 

output, i.e. presence of environmental regulation aimed at reducing pollution levels, while the 

second measure considers only desirable output. The third measure also considers both 

desirable and undesirable output but it assumes strong disposability of undesirable output, i.e. 

absence of environmental regulation. Energy efficiency is defined as the ability of the producer 

to reduce the energy input to the largest extent possible, conditional on the given level of 

output, non-energy inputs and undesirable output. A comparison of energy efficiency estimates 

from the first two measures reveals that energy efficiency estimates are biased if only desirable 

output is considered. Results from the third measure demonstrate that environmental regulation 

has a reinforcing effect on energy  use efficiency.    

 

Introduction 

The Indian economy exhibited an impressive growth rate of 9.0% and 9.2% during 2005-06 and 2006-

07, respectively (MoF 2007). Now, Government of India aims to achieve a GDP growth rate of 10% in 

the Eleventh Five-year Plan and maintain an average growth rate of about 8% in the next 15 years 

(Planning Commission 2002). However, energy being a vital element of production, such an ambitious 

vision of the Indian government would inadvertently call for a rapid increase in commercial energy 

demand at the rate of 5.2% per year in the near future (Government of India, Planning commission). 

Various estimates indicate that India would have to increase its primary energy supply by at least three 

to four times, and its electricity generation capacity by five to six times of the 2003/2004 levels by 2031. 

The Integrated Energy Policy report brought out by the Planning Commission estimates that in a 8% 

GDP growth scenario, India’s total energy requirements would be in the range of 1536 MTOE (million 
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tones of oil equivalent) to 1887 MTOE by 2031, under alternative scenarios of fuel and technological 

diffusion. Accordingly, India faces a formidable challenge in meeting its energy needs and providing 

adequate and affordable energy to all sectors of the economy in a sustainable manner.        

In formulating its growth strategy for the future India has placed much emphasis on the 

growth of its manufacturing sector. The objective of the Indian planners is to achieve accelerated 

growth in the industrial sector (especially manufacturing) with a view to increasing industry’s share in 

GDP as well as India’s share in the worlds industrial output (Mukherjee, 2008). This ‘industry driven 

growth’ could be achieved only through massive utilization of energy as the Indian industrial sector 

consumes a large proportion of primary energy, accounting for 4.5% of industrial energy use worldwide 

(Gielen and Tailor, 2009). This share is projected to further increase as the economy expands rapidly. 

Under business as usual, industrial energy use is projected to rise faster than total final energy use. In 

such a situation it is necessary to put in substantial effort to enhance energy use efficiency of the 

industrial sector so as to cope with massive demand. With this background, this chapter makes an 

attempt to estimate the energy use efficiency in Indian cement industry which is the highest energy 

intensive industry among all other manufacturing industries in India.  

 

Indian Cement Industry: Policy Changes and Massive Growth 

Indian cement industry witnessed an unprecedented growth as a sequel to government’s liberalization 

policy initiated in the form of partial decontrol in 1982, subsequently culminating in total decontrol in 

1989. India has progressed from being the world’s eighth largest cement producer in 1979-80 to being 

the second largest producer at present. However, this huge growth in cement production has been 

achieved through massive utilization of energy. Among the energy intensive industries in India, cement 

industry happens to be highly energy -intensive with the second highest share in fuel consumption 

(15.60%), after Iron and Steel (18.10%), mostly in the form of coal utilization. Its expansion could not 

have been achieved without a substantial increase in energy uses, mostly in the form of coal.  

This has resulted in severe environmental problems not only in the coal mining regions but also 

around the cement produc ing plants. In addition, India’s annual emission of green house gases from 

the cement industry has increased from 7.32 mt in 1993 to 16.73 mt in 2003 and its share in total 

carbon dioxide ( )2CO emission by India has increased from 3.3% to 4.8% during this period (ICRA, 

2006). 

The Indian government, recognizing the potential dangers of these environmental problems, 

has made several policy changes over the past 25 years or so to increase the energy use efficiency of 

the firms and thereby reducing the  2CO  emissions, with particular emphasis on energy-intensive 

heavy industries such as the cement industry. These policies include (i) disclosing companies’ particulars 

on energy efficiency; (ii) accelerated depreciation of energy efficiency and pollution control equipment; 

(iii) setting up the Energy Management Centre under the Ministry of Energy; (iv) deregulation to 

promote industrial competitiveness; (v) energy price reforms to guide energy efficiency initiatives and 

encourage international competitiveness; and (vi) enforcement of the Energy Conservation Act and 

Electricity Act (Yang, 2006). As a result, the energy intensity (measured by the ratio of energy 
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consumption to gross value of output) of this industry declined from 0.2446 in 1989-90 to 0.2241 in 

2006-07. This decline in energy intensity can be attributed to the energy efficiency policies instituted by 

the government over this period. Although energy intensity of Indian Cement industry declined over the 

study period, it is still very high as compared to other energy intensive industries, such as Glass 

(0.1995), Aluminum (0.1601), Paper (0.1503), Fertilizers (0.1219), Iron &steel (0.0835) and much 

higher than aggregate manufacturing (0.0396). So it is necessary to examine whether there is any 

scope for this industry to further improve its level of energy use efficiency and how does inclusion of 

undesirable output in the production function affect energy efficiency scores? 

The objective of this paper is to examine the levels of energy use efficiency of the Indian 

cement industry at the state level by incorporating both desirable and undesirable outputs. Specifically, 

our aim is to examine whether exclusion of undesirable output results in biased estimates of energy use 

efficiency. This paper also examines whether environmental regulation, aimed at curbing energy related 

carbon dioxide emissions, has any significant reinforcing impact on energy use efficiency.  

The rest of the paper is organized as follows. Section 2 provides a brief review of literature 

related to the measurement of energy use efficiency. In section 3, we discuss the model of measuring 

energy use efficiency. Section 4 provides an explanation for the measurement of variables and data 

sources, followed by a disc ussion of the empirical results in section 5. The final section sums up main 

findings and policy implications.  

 

A Brief Review of literature  

In the literature, energy intensity is defined as the quantity of energy used per unit of output/activity 

(Mukherj ee, 2008) or energy used per unit of value added (Mongia et a l., 1999). The inverse of energy 

intensity is traditionally used as a measure of energy efficiency or energy productivity.  

A rich body of literature has emerged to examining energy intensity across various end -use 

sectors. The focus of this body of research has been to explain changes in energy intensity by different 

contributing factors. To decompose energy consumption or aggregate energy intensity, index 

decomposition analysis (IDA) has been ap plied in several countries including Canada, New Zealand and 

the United States (EECA, 2006; NRC, 2006; OEERE, 2007: in Zhou and Ang, 2008). In the Indian 

context Bhattacharya and Paul (2001) used a complete decomposition technique to decompose the 

sectoral changes in energy consumption and energy intensity in India during 1980-1996. Their study 

reveals that though there was an improvement in aggregate energy intensity, agricultural sector was 

lagging behind. Paul and Bhattacharya (2004) used decomposition method to decompose the observed 

changes in the energy- related 2CO  emissions into four factors: pollution coefficient, energy intensity, 

structural changes and economic activity. The results of their study show that economic growth has the 

largest positive effect on 2CO  emission changes in all the major economic sectors. Emissions of 2CO  

in industrial and transport sectors show a decreasing trend due to improved efficiency and fuel 

switching. The study by Nag and Parikh (2000) also tries to analyze the impact of different factors such 

as activity levels, structural changes, energy intensity, and fuel mix and fuel quality on the changes in 

aggregate carbon intensity of the economy for the period 1970-1995.  
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It has been found that most of the IDA based studies concentrated on measuring energy 

efficiency of a specific entity, such as a country or a specific energy intensive sector and very few of 

them concentrated on measuring energy efficiency across sectors (Zhou and Ang, 2008). IDA based 

approach considers inverse of energy intensity as a proxy for energy use efficiency and tries to explain 

variation in energy intensity by several factors.  But inverse of energy intensity is an imperfect proxy for 

energy use efficiency because, energy intensity may decline not only due to an improvement in energy 

use efficiency but also some other factors like changes in the production process from being more 

energy intensive to less energy intensive etc. Moreover, by concentrating on a specific entity, IDA based 

approach can’t demonstrate the possibility of achieving higher energy use efficiency compared to other 

best performing counterparts. Data envelopment analysis (DEA) has gained popularity in energy 

efficiency analysis by serving this purpose.  

DEA, originally proposed by Charnes et al. (1978), is a non-parametric frontier technique 

where efficiency of a particular entity is measured by its distance from the best practice frontier 

constructed by the best performing entities within the group. DEA measure of energy use efficiency has 

two major advantages as compared to the traditional definition, “the ratio of energy services to energy 

input”. First, DEA accommodates multiple inputs (energy and non-energy inputs) and multiple outputs 

in the production process. Secondly, DEA can also accommodate the objectives of decision making units 

(DMUs) in assessing energy use efficiency. These advantages have led to wide application of DEA tools 

in the energy efficiency analysis in recent literature of energy economics (see Zhou et al., 2008 for a 

detail survey). Notable studies include Boyd and Pang (2000), where relationship between energy 

efficiency and productivity is established in the context of glass industry, using plant level data from the 

Census Bureau. Ramanathan (2000) used DEA to compare the energy efficiencies of alternative 

transport modes in India and Ramanathan (2005) used DEA to study efficiency in terms of energy 

consumption and carbon dioxide emission from 17 countries of the Middle East and North Africa. Onut 

and Soner (2006) applied DEA to evaluate energy use efficiencies of five-star hotels in Turkey, Hu and 

Kao (2007) used DEA to find energy -saving targets for 17 APEC economies, Wei et al. (2007) used DEA- 

based Malmquist index to examine the energy efficiency change in China’s iron and steel sector, Azadeh 

et al.(2007) use integrated DEA approach to assessing total energy efficiency and optimization in energy 

intensive manufacturing sectors of OECD countries, Grosche (2008) used DEA to measure energy 

efficiency improvements of US single-family homes between 1997 and 2001. Recently, Mukaherjee 

(2008) use several DEA models for measuring energy use efficiency of the manufacturing sectors in US 

and India.   

A common limitation found in the previously advocated DEA models in energy efficiency 

analysis relates to the absence of undesirable output in the production process (Zhou and Ang, 2008). 

Energy use, however, generates undesirable output  also, e.g. 2CO  emissions as a by-product of 

cement. Thus, leaving out undesirable output does not seem to provide a complete spectrum of the 

production process. Therefore, Zhou and Ang (2008) evaluate energy use efficiency within a joint 

production framework of both desirable and undesirable output.  

Our analysis departs from the above mentioned study in the following two aspects. First, while 

Zhou and Ang (2008) estimate energy efficiency considering both desirable and undesirable output, we 
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estimate energy use efficiency with and without undesirable output to examine whether omitting 

undesirable output generates any bias in energy use efficiency or not. Secondly, while Zhou and Ang 

(2008) assume weak disposability with respect to the disposal of undesirable output, we assume both 

weak and strong disposability of undesirable output. Here, weak disposability of undesirable output 

implies presence of environmental regulation which makes disposal of undesirable output a costly 

activity, while strong disposability implies absence of environmental regulation inducing free disposal of 

undesirable output. Disposal of undesirable output, in presence of environmental regulation, becomes 

costly because, for controlling pollution, firms are required to divert some of their productive resources 

which could otherwise be used for the production of desirable output. The underlying rationale for 

assuming both weak and strong disposability is to examine the role of environmental regulation in 

reducing energy related undesirable emissions even when firms are already subjected to energy 

conservation regulation. If energy conservation regulation could lead to higher energy use efficiency, it 

would automatically lead to lower levels of emission. Now, imposition of environmental regulation, with 

energy conservation regulation already existing, can be justified if the new regulation could further 

improve firms’ energy use efficiency by reinforcing the previous one; otherwise, an additional regulation 

would lead to increased transaction cost for the monitoring authority. The proposed models are applied 

to Indian cement industry to measure energy use efficiency.  

We have considered Indian cement industry because it turns out to be a classic example of the 

scenario described earlier. Since this industry, along with others, has been notified as ‘designated 

consumer’ of energy under the Energy Conservation Act of 2001, we intend to examine the impact of 

introducing environmental regulation on energy use efficiency considering the fact that the industry is 

already under Energy Conservation Act. Moreover, cement industry produces 5% of the world’s total 

carbon dioxide as an undesirable by-product, making the cement industry an important sector for 

analyzing carbon dioxide emission mitigation strategies.  

 

Methodology 

Assume a production process, in which a vector of energy input, e, and a vector of non-energy input, x 

is used to produce a vector of desirable output, y and a vector of undesirable output, z. Following 

Banker et al. (1984), we can define a output set, S , characterized by a convex hull:  

( ){ xzxeyS :,,,=  and e  can produce y  and }z .   

The output set, in presence of undesirable output, is assumed to have the following properties. 

The first is “null-jointness” which implies that production of a positive amount of desirable output must 

be accompanied by some amount of undesirable one. Formally, null-jointness implies that: 

 ( ) 00;,,, =⇒=∈ yzSzxey  (a) 

The second assumption is that desirable and undesirable outputs are jointly weakly disposable: 

If ( ) Szxey ∈,,, and ,10 ≤≤ θ then( ) Szxey ∈θθ ,,,  (b)                                                                



 6 

This implies that a reduction in undesirable output is not possible without reducing the 

desirable output. The third assumption is known as strong disposability of desirable output : 

If ( ) Szxey ∈,,, and ,0 yy ≤ then ( ) Szxey ∈,,,0
 (c) 

This implies that desirable output can be reduced without reducing the undesirable one. So in 

our model, desirable and undesirable outputs are treated asymmetrically in terms of their disposal. 

We define the best practice production frontier as the surface of   S , and can define a DMU’s 

energy use (in) efficiency by measuring the DMU’s distance of the frontier.  Following Shephard (1953, 

1970) and reaF &&  and Primont (1995), the input distance function can be defined as:  

           ( ) .,,,,:max,,,






 ℜ∈∈






= +θ

θ
θ SexzyexzyD                                                        

In other words, the value of the input distance function measures the maximum amount by 

which the energy input vector can be deflated by a factor ,θ  given the non-energy input vector, 

desirable output vector and undesirable output vector. The reciprocal of the value of the input distance 

function can be defined as input oriented Farrell measure of technical efficiency (1957): 

Technical efficiency (TE) = ( )exzyD ,,,
1

=
θ
1

 .                                                                              

If we define
β

θ 1= , then maximization of θ  is equivalent to minimization of β . The 

optimum value of β  can be defined as a performance index in measuring energy use efficiency and can 

be obtained by solving the linear programming problem (1): 

DEA model (1):  

ββ min* =  

s.t. ,0
1

n

K

k
knk xx ≤∑

=

λ  Nn ....,.........2,1=  (no. of non-energy inputs)  (1a) 

0
1

ee k

K

k
k βλ ≤∑

=

 (1b) 

0
1

mk

K

k
mk yy ≥∑

=

λ , Mm .....,.........2,1=  (no. of desirable output) (1c) 

,0
1

jk

K

k
jk zz =∑

=

λ    Jj ........,.........2,1=  (no. of undesirable  output) (1d) 

1
1

=∑
=

K

k
kλ ,             Kk .......,.........2,1=  (no. of DMUs) (1e)   
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Where k is indexed as firm and the subscript “0” represents the DMU under evaluation. Model 

(1) attempts to proportionately contract the amounts of energy inputs to the largest extent possible. 

But this reduction does not ensure the reduction of quantities of other inputs also. However, inequality 

(1a) ensures that the other inputs are not increased at the optimal. Further, inequality (1c) ensures that 

the optimal output is not lower than what is actually being produced. The nature of environmental 

regulation is represented by inequality (1d). It represents weak disposability of undesirable output, 

implying that firms face environmental regulation for reducing the same. Finally, inequality (1e) 

indicates the technology exhibiting variable returns to scale (VRS).  

In the second model, we consider only desirable output while estimating energy use efficiency. 

In absence of undesirable output, disposability assumption is no longer required. So if we omit (1d) 

from model (1), it would be a representation of model (2), providing our second measure of energy use 

efficiency.  

Now if we assume that there is no environmental regulation, the optimization will change as 

follows:  

DEA model (3) 

ββ min* =  

s.t. ,0
1

n

K

k
knk xx ≤∑

=

λ           Nn ....,.........2,1=  (3a) 

0
1

ee k

K

k
k βλ ≤∑

=

 (3b) 

0
1

mk

K

k
mk yy ≥∑

=

λ ,          Mm .....,.........2,1=  (3c) 

,0
1

jk

K

k
jk zz ≤∑

=

λ           Jj ........,.........2,1=  (3d) 

1
1

=∑
=

K

k
kλ ,                   Kk .......,.........2,1=  (3e)   

The only difference between model (1) and model (3) is that we have changed the equality 

(1d) in model (1) into inequality (3d) in model (3). Inequality (3d) implies strong disposa bility of 

undesirable output in absence of environmental regulation. So in model (3), firms’ objective is to reduce 

the energy input as much as possible without bothering about pollution. Model (3) provides our third 

measure of energy use efficiency.  
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Construction of the Production Frontier 

Next, we need to discuss the construction of the production frontier based on which efficiency is 

measured. In the DEA literature, three types of frontier have been proposed to evaluate efficiency in a 

panel-data framework. First one is the standard Contemporaneous Frontier where technology in each 

time period t is presented by the output sets )(xPt and it is assumed that )(xPt are determined by 

the observations on inputs and outputs corresponding to period t only. The second type of frontier is 

called Intertemporal Frontier where )(xP t
are determined by taking into account inputs and outputs of 

all the periods of the panel at a time. The third one is called Sequential Frontier which assumes all 

current and past observations as feasible (See Tulkens and Eeckaut, 1995 for detailed discussion about 

different DEA frontiers) . Then the production possibility set expands (or remain constant) from one 

time period to the next. Conceptually, a sequential frontier amounts to assuming that there is no 

technical regress, and that any technical regress will be assimilated with inefficiency by this construction 

(Mukherjee, 2008). 1  

In the context of manufacturing industries, in which technological regress is unlikely to occur, 

DEA with Sequential Frontier provides a more adequate measure for the possibility of technical changes 

than standard Contemporaneous Frontier (Shestalova, 2003). Therefore, in our study, we have also 

used the Sequential Frontier to accommodate the possibility of technical change that has taken place in 

Indian cement industry during the study period. Starting with a reference sample of 32 observations for 

the year 1989, we successively enlarge the reference sample by including the observations of one more 

year. For example, sample firms for 1990 consist of firms available in 1989 plus the existing firms in 

1990. At the last period, we have considered observations of the last period and all the observations of 

the previous periods, making total number of observations 887 at the last period. To provide robustness 

of our result, we have estimated efficiency scores from the Contemporaneous Frontier also and 

compared the efficiency scores obtained from Sequential Frontier. Theoretically, contemporaneous 

efficiency scores should be higher than sequential efficiency scores, because in case of sequential 

frontier, sample size increases in every successive period and as a result probability of being efficient 

decreases for an entity.  

 

Data Consolidation 

We have attempted to evaluate energy use efficiency performance of Indian cement industry at the 

state level. The state- level data for the period 2000-01 to 2004-05 has been extracted from the Annual 

Survey of Industries (3 digit 98 NIC code 269). The study covers 20 major cement producing states for 

the analysis. We conceptualize a two output, four input production function for the cement industry in 

India. Desirable output is measured by value of ex-factory products and by- products, deflated by the 

whole sale price index for cement and undesirable output by 2CO  emissions (in tonnes). The inputs 

include (i) capital, (ii) energy, (iii) labor, (iv) raw materials. The capital input is measured as a stock by 

taking the value of gross fixed capital, deflated by the wholesale price index for machinery and machine 

tools. Labor is measured by total number of persons employed. Energy is measured in terms of 

expenditure on fuels deflated by the wholesale price index for fuel, power, light and lubricants. 
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Similarly, the material input is measured by the expenditure on materials, deflated by wholesale price 

index for non-metallic mineral products. Then, all inputs and outputs are divided by the total number of 

factories in a particular state so that we can examine environmental efficiency of a ‘typical firm’ within 

each state.2 Descriptive statistics of the variables are presented in Table 1.   

 

Table 1:  Descriptive statistics of the variables 

 Variable Mean Std. Dev. Min Max 

Output 3.46 4.74 0.19 23.09 

2CO  0.24 0.45 0.0025 1.84 

Capital 3.82 9.05 0.12 72.62 

Energy 0.62 1.02 0.0035 4.34 

Labor 41.00 22.00 15.00 87.00 

Material 1.33 1.13 0.049 5.23 

Note: All nominal variables are converted into real variables with 1993-94 as the base. Output, capital, energy 

and material are in Rs.Lakh INR (1 USD =45.317 in 2004); labor is in number; 2CO  is in tonnes.  

 

Calculation of 2CO emissions3 

In the cement industry, two types of carbon-dioxide emissions can be observed: one is process related 

emission and the other energy related emission.  In the absence of information regarding process 

related 2CO emissions, in the present study, we have considered 2CO emissions generated by the fuel 

combustion, particularly coal because it constitutes the major share in the total fuel consumption by the 

cement industry besides being a major source of energy related 2CO emissions. Cont ribution of other 

fuels to 2CO emissions is negligible. 2CO emission is estimated by taking into account the carbon 

emission factor of coal (25.8), the fraction of oxidized carbon of coal (0.98) and molecular weight rat io 

of carbon dioxide to carbon (44/12). Following the method of the IPCC4 (1995), the sectoral 

2CO emission of the i th fuel is obtained from the following relationship: 

,)()( MNOtCtEC iiii ×××=  

where )(tECi is the carbon dioxide emission of the ith fuel at time t; )(tCi is the 

consumption of ith fuel at time t; iO  is the carbon emission factor of the ith fuel; iN  is the fraction of 

carbon oxidized of the ith fuel and M is the molecular weight ratio of carbon dioxide to carbon (44/12) 

According to IPCC (1995) guidelines, the following steps have been carried out to calculate 

2CO emissions from particular fuel consumption. 

(A) Energy consumption data in million tones of oil equivalent (MTOE) is converted into tera joules (TJ) 

unit using standard conversion factors. 

(B)  Total carbon emission (tones of carbon), TC, is estimated by multiplying fuel the fuel consumption 

(tera joules) by the carbon emission factor (TC/TJ) of the corresponding fuel. 
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(C)  Total carbon emission is then multiplied by the fraction of carbon oxidized and the molecular weight 

ratio of carbon dioxide to carbon to arrive at the total carbon dioxide emitted from fuel combustion.  

 

Empirical Results 

We have first estimated energy use efficiency from model (1) which considers both desirable and 

undesirable output and assumes weak disposability regarding the disposal of undesirable output. 

Results are presented in Table 2. The average energy efficiency of the states under study during the 

sample period was 0.8777 implying that it would be possible to reduce the energy input by a maximum 

amount of 12.23% and still produce the given level of output, without using more of any other inputs. 

However, efficiency level varies across states. While Chattisgarh Gujarat, Kerala, Punjab, Uttaranchal, 

Uttar Pradesh, Himachal Pradesh, and West Bengal demonstrated 100% technical efficiency each year, 

Tamil Nadu, Haryana, and Jammu& Kashmir achieved technical efficiency close to 100%. On the other 

hand, states like Andhra Pradesh, Karnataka, Maharastra, Madhya Pradesh and Rajasthan were found 

with the lowest measure of technical efficiency. 

 

Table 2: Energy use efficiency based on weak disposability assumption of undesirable output 

State 2000-01 2001-02 2002-03 2003-04 2004-05 Annual average 

AP 0.8367 0.0853 0.1156 0.1622 0.2434 0.2886 

AS 1.0000 0.8342 0.6312 0.6561 1.0000 0.8243 

BI 1.0000 1.0000 0.8276 0.8065 1.0000 0.9268 

CT 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

GU 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

HA 1.0000 0.6663 1.0000 1.0000 1.0000 0.9333 

H.P 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

JK 1.0000 1.0000 1.0000 1.0000 0.9471 0.9894 

JH 0.7412 0.4850 0.7896 0.9222 1.0000 0.7876 

KA 0.7571 0.5670 0.5671 0.7361 0.9067 0.7068 

KE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

MP 0.8224 1.0000 0.8441 0.8481 0.9848 0.8999 

MA 1.0000 0.4939 0.7568 1.0000 0.7878 0.8077 

O R 1.0000 0.5247 0.8915 0.9932 0.7780 0.8375 

PU 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

RA 0.7200 1.0000 0.5205 0.3688 0.5658 0.6350 

TN 1.0000 0.9462 1.0000 1.0000 0.6359 0.9164 

UP 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

UT 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

W B 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

State Average 0.9439 0.8301 0.8472 0.8747 0.8925 0.8777 

Note:  (a) AP- Andhra Pradesh, AS- Assam, BI- Bihar, CT- Chattisgarh, GU- Gujarat, HA - Haryana,  HP- Himachal 
Pradesh, JK- Jammu & Kashmir, JH- Jharkhand, KA - Karnataka, KE- Kerala, MP- Madhya Pradesh, MA- Maharashtra, 
OR- Orissa, PU-Punjab, RA-Rajasthan, TA - Tamil Nadu,  UP- Uttar Pradesh, UT-Uttaranchal, WB-West Bengal.  
(b) State average is the average efficiency of the 20 states for a given year. Annual average is the average for a 
given state over 5 years. 
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Average energy efficiency was 0.9439 in 2000-01 but declined to 0.8925 in 2004-05. Next we 

have estimated energy use efficiency without considering undesirable output and estimates are 

presented in Table 3.  

 

Table 3: Energy use efficiency without considering undesirable output 

State 2000 -01 2001-02 2002-03 2003-04 2004-05 

Annual 

average 

AP 0.8177 0.0847 0.0674 0.0928 0.1368 0.2399 

AS 1.0000 0.694 0.6291 0.6474 0.9576 0.7856 

BI 1.0000 0.8184 0.6792 0.8013 1.0000 0.8598 

CT 0.9317 0.6842 0.7784 0.7942 0.8209 0.8019 

GU 1.0000 1.0000 0.2262 0.5391 0.4382 0.6407 

HA 0.8724 0.3556 0.5067 0.536 0.2526 0.5046 

HP 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

JK 1.0000 1.0000 1.0000 1.0000 0.6819 0.9364 

JH 0.7072 0.4846 0.7372 0.8242 1.0000 0.7507 

KA 0.7003 0.2071 0.4782 0.5682 0.6127 0.5133 

KE 1.0000 0.8771 0.6639 0.609 0.6542 0.7608 

MP 0.7081 0.6444 0.7791 0.7574 0.7339 0.7246 

MA 0.8246 0.1678 0.7232 0.9619 0.5069 0.6369 

OR 1.0000 0.3752 0.8327 0.9186 0.705 0.7663 

PU 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

RA 0.7146 1.0000 0.5152 0.3549 0.4116 0.5993 

TN 1.0000 0.2388 1.0000 1.0000 0.4669 0.7412 

UP 1.0000 0.8123 0.8241 0.7428 1.0000 0.8758 

UT 1.0000 0.8677 0.6727 0.5626 0.5329 0.7272 

WB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

State average 0.9138 0.6656 0.7057 0.7355 0.6956 0.7432 

    

While comparing the efficiency scores presented in Table 2 and Table 3, it can be seen that 

average energy efficiency measure based on both desirable and undesirable output is substantially 

higher than that obtained from the model that considers only desirable output and leave out the 

undesirable output. In order to verify whether omitting undesirable output results in biased estimates of 

energy efficiency, the Wilcoxon Rank Sum test5 has been conducted. The null hypothesis is that 

efficiency scores obtained from the two models contain the same population of relative frequency 

distribution, whereas, alternative hypothesis is that mean energy efficiency score obtained from with 

undesirable model is significantly different from the one obtained without considering undesirable 

output. The value of Wilcoxon statistic is 153 and the value of two tailed ‘ p ’ statistic is less than 

0.0001. Therefore, the null hypothesis can be rejected at 1% level, implying that omitting undesirable 

output results in biased energy efficiency estimates and this bias is statistically significant.   
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While model (1) represents energy input minimization in the presence of environmental 

regulation, model (3) represents absence of environmental regulation implying strong disposability of 

undesirable output. The estimates of energy efficiency obtained from model (3) are presented in Table 

4. The average energy use efficiency achieved by the states under strong disposability is 0.8280.  

 

Fig. 1: Change in the average energy efficiency performance for the 18 Indian states over time.  
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Note: EE1, EE2 and EE3 are the first, second and third measure of energy use efficiency respectively.  

      

It can be seen from Fig.1 that India’s cement industry experienced a sharp decline in energy 

use efficiency in 2001-02 compared to the initial period. After that, efficiency performance shows an 

increasing trend but ends up with a lower value at 2004-05 compared to the initial period 2000-01. This 

observed trend is similar for all three measures of energy use efficiency.  

In order to verify whether energy efficiency scores, based on weak disposability assumption, 

are significantly different from those obtained from strong disposability assumption,  the Wilcoxon Rank 

Sum test has been conducted again. The null hypothesis is that efficiency scores obtained from the two 

models contain the same population of relative frequency distribution, whereas, alternative hypothesis is 

that mean efficiency score obtained from weak disposability assumption is higher than that obtained 

from strong disposability assumption. The value of Wilcoxon statistic is 2 and the value of one tailed 

‘ p ’ statistic is 0.0007. 
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Table 4: Energy efficiency based on strong disposability assumption 

State 2000-01 2001-02 2002-03 2003-04 2004-05 Annual average 

AP 0.8177 0.0847 0.0674 0.0928 0.1368 0.2399 

AS 1.0000 0.6940 0.6312 0.6561 0.9576 0.7878 

BI 1.0000 0.8184 0.6792 0.8013 1.0000 0.8598 

CT 0.9317 0.6842 0.7784 0.7942 0.8209 0.8019 

GU 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

HA 1.0000 0.6663 1.0000 1.0000 1.0000 0.9333 

HP 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

JK 1.0000 1.0000 1.0000 1.0000 0.9471 0.9894 

JH 0.7072 0.4850 0.7372 0.8242 1.0000 0.7507 

KA 0.7003 0.2071 0.4782 0.5682 0.6127 0.5133 

KE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

MP 0.7081 0.6444 0.7791 0.7574 0.7339 0.7246 

MA 0.8246 0.1678 0.7568 0.9619 0.5069 0.6436 

OR 1.0000 0.3752 0.8327 0.9186 0.7050 0.7663 

PU 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

RA 0.7146 1.0000 0.5152 0.3688 0.5658 0.6329 

TN 1.0000 0.9462 1.0000 1.0000 0.6359 0.9164 

UP 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

UT 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

WB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

State Average 0.9202 0.7387 0.8128 0.8372 0.8311 0.8280 

 

Therefore, the null hypothesis can be rejected at 1% level, implying that average energy use 

efficiency in presence of environmental regulation is higher than that obtained in absence of it. So, 

environment al regulation may yield double dividends here, one in terms of lower pollution level and the 

other higher energy use efficiency.  

Although at the aggregate level, environmental regulation yields higher average energy 

efficiency, impact of regulation is not the same across the states. Table 5 presents energy use efficiency 

under strong disposability, weak disposability, and improvement in energy use efficiency, if any, under 

weak disposability assumption. States like Gujarat, Kerala, Punjab, Uttaranchal, Uttar Pradesh, Himachal 

Pradesh, and West Bengal are found operating on the best-practice frontier through out the study 

period irrespective of the existence of environmental regulation or otherwise. Average efficiency 

remains the same in both the situations for Haryana and Tamil Nadu also, implying that environmental 

regulation is non-binding for these states. For all other remaining states, environmental regulation has 

been found to bring about significant improvement in terms of energy use efficiency. 
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Table 5: Differences in mean energy efficiency under strong and weak disposability 

State Strong Weak Improvement 

AP 0.2399 0.2886 0.0488 

AS 0.7878 0.8243 0.0365 

BI 0.8598 0.9268 0.0670 

CT 0.8019 1.0000 0.1981 

GU 1.0000 1.0000 0.0000 

HA 0.9333 0.9333 0.0000 

HP 1.0000 1.0000 0.0000 

JK 0.9894 0.9894 0.0000 

JH 0.7507 0.7876 0.0369 

KA 0.5133 0.7068 0.1935 

KE 1.0000 1.0000 0.0000 

MP 0.7246 0.8999 0.1753 

MA 0.6436 0.8077 0.1641 

OR 0.7663 0.8375 0.0712 

PU 1.0000 1.0000 0.0000 

RA 0.6329 0.6350 0.0022 

TN 0.9164 0.9164 0.0000 

UP 1.0000 1.0000 0.0000 

UT 1.0000 1.0000 0.0000 

WB 1.0000 1.0000 0.0000 

Note: Improvement in efficiency has been calculated by taking the difference between weak and strong 
efficiency scores.  

 

Conclusion 

This paper makes an attempt to estimate energy use efficiency of the Indian cement industry 

at the state level for the period 2000-01 to 2005-05, using Data Envelopment Analysis (DEA). Since, 

cement industry is a major producer of environmentally detrimental carbon dioxide gas as an 

undesirable by-product, a special emphasis is given to that undesirable output while evaluating energy 

use efficiency. The major focus of the study has been to answer two empirical questions. First, whether 

exclusion of undesirable output from the analysis results in biased estimates of energy use efficiency. 

Secondly, whether environmental regulation has any reinforcing impact on energy use efficiency or not. 

To answer the first question, we have estimated energy use efficiency considering both desira ble and 

undesirable output in the first case and only desirable output in the other to examine whether omitting 

undesirable output results in biased estimates of energy use efficiency. To answer the second question 

we have assumed both weak and strong disposability with respect to disposal of undesirable output to 

examine whether environmental regulation aimed at reducing energy related emissions is able to bring 

about further improvement in energy use efficiency also.  Empirical results demonstrate that energy 

efficiency measures are biased if only desirable output is considered, implying that undesirable output 

indeed matters while evaluating energy use efficiency Moreover, average energy use efficiency is higher 

in presence environmental regulation than that obtained in absence of it. Therefore, we conclude by 
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claiming that environmental regulation has the potential in terms of positively impacting energy use 

efficiency in addition to reducing higher pollution levels, implying that if we formulate our model 

correctly with introduction of environmental regulation it will result in higher efficiency scores.  Higher 

energy use efficiency in presence environmental regulation suggests that the government can introduce 

environmental regulation in the form of inst itutional instruments such as pollution taxes which would 

induce the firms to internalize the external costs (including environmental) of energy consumption.  

 

End Notes 
1 The assumption of no technical regress seems to make sense for the sample years under study 

during which most of the cement companies did experienced significant technological improvement. 
2 This approximation of firm level data from of the industry is not absolutely perfect because, here we 

assume that all firms in a particular state produce equally using equal amount of inputs. In the 

absence of firm level data within the states, we have used this kind of approximation. Mukherjee 

(2008), in the context of Indian manufacturing, also used the same approximation. 
3 This section draws heavily on Paul and Bhattacharya (2004). 
4 Intergovernmental Panel for Climate Change. 
5 Wilcoxon Rank-Sum test is a nonparametric alternative to the two sample t -test. This test is based 

solely on the order in which the observations from the two samples fall. Since DEA efficiency scores 

are obtained from nonparametric linear programming model, we have used this nonparametric 

alternative for t -test. 
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