
1. In some applications, especially, but not only, with small data sets, the ordinary least square (OLS) estimates are influenced by 

one or several particular observations that are in some way inconsistent with the rest of the data. Such aberrant observations have 

an impact on the benchmarking study and are commonly known as outliers. Due to outlier problem, only 59 electricity 

distribution utilities have been considered for the present analysis. 
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During the last two decades, the electricity distribution sector in many developing countries 
including India has undergone a wave of reforms, seeking to transfer the productivity gains to 
consumers and to improve the efficiency of utilities. A widely favored approach in assessing 
potentials for efficiency improvements is through benchmarking of utilities based on their relative 
efficiency. In essence, benchmarking identifies the most efficient firms in the sector and compares 
the actual performance of less efficient firms against the reference performance of most efficient 
firms. The study aims to evaluate the technical efficiency on a panel-data of 59 electricity 
distribution utilities in India employing the parametric approach namely Stochastic Frontier 
Analysis. 
 
Keywords: Benchmarking, Stochastic frontier analysis, Data envelopment analysis, Efficiency 

analysis, Productivity, Technical efficiency. 

 

1. Introduction 
 

Efficiency analysis has played a vital role in the performance measurement of electricity 

distribution utilities and is considered one of the major issues among policy maker and state 

regulators in defining regulatory policies. Internationally, most of the regulators usually 

applied benchmarking techniques in evaluating the efficiency of electricity distribution 

utilities [1]. With the introduction of incentive-based regulatory framework, efficiency 

measurement (benchmarking) has been widely applied to Electricity Distribution Utilities, 

both in regulatory framework as well in academic studies. In benchmarking applications, 

the regulator is generally interested to identify the most efficient utility in the sector and 

compares the relative performance of inefficient utilities against the standard performance 

of efficient utility Electricity distribution utilities in India have suffered from a number of 

problems, which have accumulated in the past fifty years. These problems primarily include 

excessive T&D losses, lack of commercial orientation, irrational tariff policies etc. The 

operations of electricity distribution utilities in its present state, if allowed to continue, are 

likely to deteriorate further and unsustainable [2]. This paper carried out the panel data 

efficiency analysis of 59 electricity distribution utilities in Indian scenario over a three-year 

period from 2008 to 2011, and compares the relative efficiency of all the utilities among 

themselves, using parametric approach namely Stochastic Frontier Analysis (SFA)
1
. It 

should be noted that results obtained have not been intended for direct use by regulators or 

policy makers in actual regulatory process. 
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2.  Literature Review 
 

The recent experience of regulatory reform and privatization of the electricity sector around 

the world has put an increasingly sharp focus on the performance analysis and efficiency 

estimation of electricity distribution utilities. A wide range of different parametric and non-

parametric methods has been utilized for estimating the efficiency of different electricity 

distribution utilities [3]. Stochastic Frontier Analysis (SFA) and Data Envelopment 

Analysis (DEA) are the most commonly used methods for benchmarking and efficiency 

analysis in the electricity sector. Researcher, from the world, estimated efficiency of 

Electricity Distribution utilities to enhance their performance. Forsund and Kittelsen [4] 

estimated change in efficiency and total factor productivity development on a sample of 

181 Norwegian Electricity Distribution Utilities. Jamasb and Politt [5] provide an extensive 

comparison of international efficiency studies in electricity markets around the world. 

Hattori [6] analyzed the performance of U.S. and Japanese electricity distribution utilities 

over a fifteen-year period from 1982 to1997 employing SFA. In a subsequent paper, 

Jamasb and Politt [7] presented an international benchmarking study of 63 regional 

electricity distribution utilities from six European countries comparing several DEA, COLS 

and SFA model specifications. Lavado [8] estimated the cost function on the panel data of 

119 electricity distribution cooperatives in Philippines and computed efficiency frontier 

using DEA and (SFA). In order to generate information for effective price-regulation in the 

Slovenian Electricity Market, Farsi and Filippini [9] estimated a cost frontier function on a 

sample of Electricity Distribution Companies in Slovenia between 1991 and 2000. Lowry et 

al. [10] developed an econometric cost-benchmarking model for U.S. Power Distribution 

Utilities and compared the cost performances of the utilities to the reference industry norm. 

Hirschhausen et al. [11] estimated the technical efficiency of electricity distribution utilities 

in Germany and addressed various traditional issues specific to the situation in Germany. 

Tovar et al. [12] applied Stochastic Frontier Analysis through distance function to analyze 

the impact of firm size on productivity development in the Brazilian Electricity Industry. 

The current study is an attempt to evaluate and assess the performance of power 

distribution utilities in India to provide a framework for the improvement of distribution 

operations. 

 

3. Methodology and model specification 

 

SFA and DEA are the two commonly used methods for estimating frontier functions and 

thereby measuring efficiency of production of decision-making units. Stochastic frontier 

analysis involves the use of econometric method whereas DEA involves the use of linear 

programming [13] . We explicitly focused on SFA due to following primary advantages: a) 

allow to observe the impacts of various parameters on efficiency scores, b) environmental 

variables can easily be incorporated in the model specification, c) sensitive to outliers 

detection, d) capture the inefficiencies and heterogeneity separately, e) can handle large 

amount of data.   

 

Aigner and Chu [14] first proposed the parametric function estimation model of Cobb-

Douglas form. The model is defined by 

            
)1(,...,..........2,1)ln( Niuxy iii =−= β  

  where )ln( iy  
is the logarithmic of the (scalar) output for the thi − firm; 

ix  is a (N+1) – row vector whose first element is 1 and remaining are logarithm of         

N-input   quantities used by the thi − firm. 
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)...,,.........,,( 21 no βββββ =  is a (N+1) – column vector of unknown parameters 

to be estimated; and  

iu is a non-negative random variable associated with technical inefficiency in 

production of the firms in the industry involved. 

The output-oriented technical efficiency of thi − firm 
iTE  is defined as the ratio of 

observed output to maximum feasible output and is mathematically given as 

       

)2(
);( βi

i

i
xf

y
TE =  

iy  achieves its maximum feasible value of );( βixf  if, and only if, 
iTE  = 1 and if, 

1<iTE  then it provides a measure of the shortfall of observed output from the maximum 

feasible output [15]. 

In equation (2) the production frontier );( βixf  is deterministic in nature i.e. all the 

deviations of observed output iy  from maximum feasible output );( βixf  are assumed to 

be the result of technical inefficiency. Such a model specification is deterministic in nature 

that it ignores the vast output can be affected by random factors that are not directly under 

the control of firms. Aigner et al. [16] and Meeusen and Broeck [17] independently 

suggested the stochastic frontier production function in which an additional random error 

term, iv  is incorporated in addition to the non-negative random variable, iu  and the model 

is specified as 

                      

)3(,...,..........2,1)ln( Niuvxy iiii =−+= β  

 The first error term iv  is a two-sided error term intended to capture the effects of statistical 

noise and other random factors, such as the effects of weather, strikes, luck etc and the 

second error term iu  is a one sided error term intended to capture the effects of technical 

inefficiency i.e. the shortfall of observed output iy  from the maximum feasible 

output );( βixf . Since the error term in eq. (3) has two components, the stochastic 

production frontier model is also called as “composed error” model. Aigner et al. [15] 

assumed that the svi  were independently and identically distributed (iid) normal random 

variables with mean zero and constant variance,
2

vσ  , independent of the sui  which were 

assumed to be independently and identically distributed (iid) exponential or half-normal 

random variables. 

The model, defined by equation (3), is called the stochastic frontier production function 

because the output values are bounded above by the stochastic (random) variable,
 

.)exp( ii vx +β Figure 1 shows such a stochastic frontier production function. 

This study adopts the particular parametric model for the technical inefficiency effects 

originally suggested by Battese and Coelli [18]. The model allows to accommodate panel 

data, which permits the estimation of the parameters of the factors believed to influence the 

levels of the technical inefficiency effects, together with the separate components of 

technical inefficiency change and technical change over time. The stochastic frontier 

production function is defined by  
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Figure1. Stochastic Frontier Production Function 

 

                             
)exp( itititit uvxy −+= β                                                 (4) 

The proposed model specifies technical inefficiency effects in the stochastic frontier model 

that are assumed to be independently (but not identically) distributed non-negative random 

variables. For thi − firm in the tht −  period, the technical inefficiency effect, itu , is 

obtained by truncation of the −),( 2σµ itN distribution, where 

                          iitit z δδµ += 0
                                                                                      (5) 

where,   

itZ  is a (1×M) vector of explanatory variables associated with the technical inefficiency 

effects in the tht −  time period 

  δ   is an (M×1) vector of unknown parameters to be obtained. 

Equation (5) specifies that the means of the normal distributions, which are truncated at 

zero to obtain the distributions of the technical inefficiency effects, are not the same, but are 

functions of values of observable variables and a common vector of parameters. 

The parameters of the stochastic frontier production function and technical inefficiency 

models defined by equations (4) and (5) are estimated simultaneously by maximum 

likelihood using the computer program, FRONTIER 4.1 [19]. Using the parameterization as 

suggested by Battese and Corra [20], we replace 2

vσ  and 
2

uσ  with 222

uv σσσ +=  

and
2

2

σ

σ
γ u= . This is done with the calculation of the ML (maximum likelihood) estimates in 

mind. The parameter γ  must have a value between zero and one to obtain a suitable value 

for an iterative maximization process. Further, FRONTIER 4.1 is capable of calculating 

individual firm technical inefficiencies from estimated production frontiers. The measure of 

the technical efficiency relative to the production frontier can be calculated as 

                          
)exp( itit uTE −=                                                                                         (6) 

which indicates that in case of a production frontier, itTE  will take a value between zero 

and one, while it will take a value between one and infinity in the cost function case.  

In our study, the most general functional form for the stochastic frontier model of electricity 

distribution utilities in India would be a translogarithmic (translog) production function 

expressed as  
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∑ ∑∑
= ≤ =

−+++++=
3

1

3 3

1

2

0 lnlnlnln
j j k

iikijijkjijttti uvxxxtty βββββ                                      (7) 

where  

          i   indicates an observation for the thi −  utility in the survey, 59,.....,2,1=i  

          t indicates a time trend term to capture the effects of technological change. 

        svi  are assumed to be independent and identically distributed as normal random 

variables with  mean zero and variance, 2

vσ , independent of the sui ; 

        sui  are non-negative technical inefficiency of production, which are assumed to be 

independently distributed, such that iu  is obtained by truncation (at zero) of the ),( 2σµ itN -

distribution, where the mean is defined by 

    
lossondistributistructurecustdensitycustit 3210 __ δδδδµ +++=             (8) 

 

4. Selection of input-output variables 

 
In order to have a better understanding on the choice of input-output variables of the 

performance assessment model, one needs to take into account the international 

benchmarking experience of electricity distribution utilities. Further, the choice of variables 

is also constrained by data availability [9]. Jamasb and Pollitt [5] reviewed the frequency 

with which different input and output variables are used in about 20 efficiency studies of 

electricity distribution sector and summarized that there is no firm consensus on which 

variables best describe the performance of electricity distribution utilities. The selection of 

input and output variables should reflect as much as possible the basic functions of the 

industry concerned. The key factors affecting the electricity distribution operations are, on 

the output side, the amount of total energy sold, total number of consumers served, 

geographical size of the distribution area; and on the input side, the distribution line length 

(both overhead and underground) in kms, total number of distribution transformers, number 

of employees, OPEX (operating expenditures), power purchased cost, TOTEX (total 

expenditure) etc. For performance assessment and estimating efficiency measures of the 

electricity distribution utilities in India, the present study uses one output: total sales 

volume of electricity sold to end consumers, measured in GWh, and three inputs: TOTEX 

(total expenditure) , network line length and number of distribution transformers. In 

addition to these variables, we include a time trend term also to account for technological 

change with time. 

         Three exogenous environmental variables were used to capture external factors that 

influence the firm’s efficiency and are beyond the managerial control. These include 

consumer density (consumer number over network length); consumer structure (residential 

sales to total sales) and distribution losses [21]. Table I shows the variables and summary 

statistics of the data set for the present study. 

Table I : Summary statistics of data set 
  Maximum Minimum Standard Deviation Mean 

Input 1. Network Length (km) 833470.29 1240 154858.99 135852.23 

 2. TOTEX (Cr) 35441 161 5219.32 4497.04 

 3. Transformer (Nos) 472307 171 92055.89 80510.71 

Output 1. Electricity Sold (MU) 71280 165.5 11429.32 9369.94 

Environmental 

Variables 

1. Consumer Density 743.85 3.57 98.96 49.23 

 2. Consumer Structure 56.27 3.18 12.07 28.47 

 3.Distribution Loss 63.04 0.95 11.94 25.18 
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5. Data source 

 

The data for input and output variables were culled from Annual Revenue Requirement 

(ARR) reports and Tariff petitions submitted by the distribution utilities to their respective 

state electricity regulatory commission, Power Finance Corporation reports, All India 

Electricity Statistics and various online reports published by Government of India, Ministry 

of Power [22, 23]. 

 

6. Results and discussions 

The maximum likelihood estimates for parameters in the translog frontier production 

function for the electricity distribution utilities in India are presented in Table II. 

Table II : Maximum Likelihood Estimates for Parameters of the Translog Stochastic Frontier 

Production Model for Electricity Distribution Utilities in India. 

Variable Parameter Coefficient Standard Error t-ratio 

Constant 0β  4.14 2.22 1.86 

ln x1 
1β  1.54 0.45 3.46*** 

ln x2 2β  1.83 0.584 3.145*** 

ln x3 3β  -0.903 0.394 -2.288* 

(ln x1)
2 

4β  -0.066 0.025 -2.163 

(ln x2)
2 5β  0.035 0.038 0.918 

(ln x3)
2 6β  -0.056 0.024 -2.227 

ln x1 ln x2 7β  0.254 0.068 3.704 

ln x1 ln x3 8β  0.081 0.04 2 

ln x2 ln x3 9β  -0.103 0.054 -1.88 

t 10β  0.095 0.144 0.661 

t2 
11β  -0.032 0.035 -0.911 

Inefficiency Function     

Intercept 0δ  -0.578 0.277 -2.08 

Consumer Density 
1δ  -0.002 0.0016 -1.47* 

Consumer Structure 
2δ  0.008 0.0034 2.504** 

Distribution Loss 
3δ  0.017 0.0046 3.668*** 

Diagnosis Statistics     

Sigma Squared 2σ  0.0814 0.0146 5.57*** 

Gamma γ  0.769 0.095 8.5*** 

Log Likelihood  30.88   

Likelihood Ratio Test  46.84   

Average Technical Efficiency 

Score 
 0.81 

*Significant at 10% level, **Significant at 10% level, ***Significant at 10% level 
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 In the translog stochastic frontier production function, the output elasticities with respect to 

different inputs are functions of the level of the inputs involved and are computed at means 

of relevant data points [24]. The estimated elastcities of frontier output with respect to 

network length, total expenditure and transformer numbers are 1.54, 1.83, -0.903 

respectively. Given the translog frontier production function the result shows that the 

elasticity of the mean value of output is estimated to be an increasing function of network 

length, TOTEX (total expenditure) and a decreasing function of number of transformers 

employed. This means that for a 10% increase in network line length, the utility output (i.e. 

electricity sold) will increase by 15.4%. Similarly, a 10% increase in total expenditure will 

increase the electricity sold by 18.3%. The coefficient of transformer numbers showed a 

negative sign, indicating that input of number of transformers is not significant constraint 

on efficiency estimate of electricity distribution utilities. The estimated sigma square (
2σ ) 

of .0814 is significantly different from zero at 1% level of significance, thus indicating a 

good fit of the model and correctness of the specified distributed assumption of the 

composite error term. The variance ratio, defined by gamma (
2

2

δ

δ
γ u= ), is estimated to be 

.769, suggesting that about 76.9% of the discrepancies between the observed output and the 

frontier output  are due to inefficiency components and insignificantly caused by random 

error terms (i.e. factors beyond the control of electricity distribution utilities. Alternatively 

speaking, the shortfall of observed output from the frontier output is primarily due to 

factors, which are within the control of the electricity distribution utilities under study. The 

estimates of the coefficients of the inefficiency model are of particular interest in the 

present study. A negative sign  of  parameters  in  the  inefficiency   model  suggest  that  

these  variables  has positive effect on technical efficiency. The estimated coefficient of 

distribution losses is positive, which indicates that technical inefficiency of the electricity 

distribution utilities increases as the proportion of distribution loss increases. The technical 

efficiency score of sampled electricity distribution utilities is shown in Figure 2. 

 

Figure 2 : Technical Efficiency Score of Indian Electricity Distribution Utilities during the period 

2008/09 - 2010/11 

 

7. Tests of Hypotheses 

Hypotheses tests based on one-sided Generalized Likelihood-Ratio test were conducted for 

the frontier model to test the null hypothesis, that there are no technical inefficiency effects 

present in the model. Battese and Coelli [25] suggested that the one-sided generalized 

likelihood ratio (LR) test should be performed when maximum likelihood estimation is 

involved because this test has the correct size. The generalized likelihood-ratio test requires 

the estimation of the frontier production model under both the null and alternate 
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hypotheses. Under the null hypothesis, 0:0 =γH , the model is equivalent to the 

traditional response function of Ordinary Least Squares (OLS), without the technical 

inefficiency effect. The test statistic is calculated as  

             )]()([2)( 1HLHLLR o −−=λ                                                          (9) 

where λ, L(H0) and L(H1) are the generalized likelihood ratio test statistics, the value of 

likelihood function under the null hypothesis L(H0) and alternative hypothesis L(H1), 

respectively. If the null hypothesis is true, the test statistic is usually assumed to be 

asymptotically distributed as a chi-square (or mixed chi-square) random variable with 

degrees of freedom equal to the difference between the number of parameters estimated 

under null hypothesis L(H0)  and alternative hypothesis L(H1). 

The values of log likelihood function as calculated by computer program FRONTIER 4.1, 

for ordinary least square (OLS) fit of the production function and full stochastic frontier 

model are 7.459 and 30.88 respectively. The result of generalized likelihood ratio test is 

842.46]88.30459.7[2 =−−=λ  while the critical values of mixed chi-square distribution 

with 5 degrees of freedom at 5% significant level and 1% significant level are 10.371 and 

14.325 [26]. Since the one-sided generalized likelihood-ratio test of 0=γ provides a 

statistics of 46.482, which exceeds the 5% critical value of 10.371, therefore, the null 

hypothesis, is rejected and inefficiency effects exist. 

             

8. Conclusion 

In this paper, we have estimated and compared technical efficiency levels of 59 electricity 

distribution utilities in India during the period 2008/09-2010/11 and identified the sources 

of inefficiency using SFA. The empirical results show that the consumer density and 

distribution losses significantly affect the efficiency scores of electricity distribution 

utilities in India. The pure technical efficiency score is on the average 81 percent, implying 

that distribution utilities can probably reduce the use of all inputs equi-proportionately by 

around  19%  maintaining the output at a given level and, would operate at a level 

commensurate with the best practice of other similar distribution utilities in the sample. 

While analyzing the technical efficiency score of first five companies it is seen that 

Electricity Department Goa and Electricity Department Puducherry are among first five 

primarily because their losses are 4.78% and 0.95% respectively. Because of their small 

network it is easier to bring down the losses as compared to companies having large 

network and hence better technical efficiency. Uttar Gujarat Vij Company Limited 

(UGVCL) has retained its position among first five companies because of drastic reduction 

in Aggregate Technical & Commercial Losses below 10% as compared to previous year. R-

Infra and Tata Power Mumbai are among the oldest private companies who have infused 

huge sum to build their network resulting in high technical efficiency and thus better 

performance. Furthermore, the findings obtained in this paper also show that many of the 

distribution utilities are technically inefficient with technical efficiency levels lower as 

compared to the mean technical efficiency score of 0.816. This in turn opens up the policy 

suggestions suggested by policy makers and state regulators that aim to improve the overall 

efficiency and performance of the electricity distribution utilities in India. 
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