
Abstract— This paper presents an approach based on 
Stochastic Data Envelopment Analysis (SDEA) for 
evaluating of shaping factors for performance 
assessment of electricity distribution units. This 
approach is applied to assessment of Iranian 
distribution units from 2001 to 2011. There are usually 
incomplete and stochastic data or lack of data with 
respect to electricity distribution companies. So, in this 
paper a stochastic DEA approach is used with respect to 
the set of comprehensive indicators to evaluate 
electricity distribution units. Due to lack of information 
about some parameters, theory of uncertainty is 
imported to model.  The best of electricity distribution 
unit is selected with respect to efficiency score in an 
uncertainty environment.  Also, SDEA model is 
performed for each input separately to identify the most 
important shaping factor by comparing the results of 
efficiency with SDEA model. 
Keywords- Performance measures; Electricity industry; 

Stochastic Data Envelopment analysis. 

I. INTRODUCTION  

Energy became one of the basic concerns after 
starting the industrial revolution. So, efficiency of 
electricity distribution performance is an important 
issue. There are different indicators for measuring the 
efficiency of these electricity distributions, such as 
price or revenue cap regulation schemes, sliding-
scale, rate of return, partial cost adjustment, menu of 
contracts, yardstick regulation, etc. Data envelopment 
analysis (DEA) is an ideal approach to evaluate the 
performance of various systems with multiple inputs 
and output. DEA is a popular optimization method 
for measuring the relative efficiency of decision 
making units (DMUs).  Seiford [1] prepared a 
bibliography for DEA and listed 800 papers on DEA 
from 1978 to 1996. Azadeh et al. [2] have used 
Principal Component Analysis (PCA) to rank and 
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assess auto industry in the world. DEA-PCA 
approach was used by Azadeh et al. [3] for 
performance assessment of electricity distribution 
units in Iran. In another study, Azadeh et al. [4] 
presented an approach based on DEA, COLS, SFA 
and PCA methods for efficiency estimation. Data 
Envelopment Analysis (DEA) and window analysis 
(WA) were applied by Sözen et al. [5] for efficiency 
of ten hydro-power plants through. They considered 
production and energy unit cost as indicators. A 
genuine Knowledge Management (KM) performance 
measurement model was proposed by Tse kuah et al. 
[6]. They considered stochastic environment and 
applied Data Envelopment Analysis (DEA), Monte 
Carlo simulation and Genetic Algorithm (GA). 
Blomberg et al. [7] applied DEA for electricity 
efficiency improvement potential in the Swedish 
pulp. Fong See et al.  [8] presented a Stochastic 
Frontier Analysis (SFA) method for calculating 
technical efficiency levels of Malaysian thermal 
power plants. An interactive robust data envelopment 
analysis (IRDEA) model was applied by Sadjadi et 
al. [9] to determine the input and output target values 
of electricity distribution companies. Omrani et al. 
[10] purposed an integrated algorithm based on data 
envelopment analysis (DEA), corrected ordinary least 
squares (COLS) and principal component analysis 
(PCA) to estimate efficiency scores of electricity 
distribution units. They considered Iranian electricity 
distribution units as the case of this study. Their 
proposed algorithm is applied to Iranian distribution 
units from 2003 to 2006. In this study, 17 units of 
Iranian distribution units are considered as DMU.  
The network length, transformers capacity and 
number of employees are considered as inputs and 
the number of customers and total electricity sales are 
considered as stochastic outputs. Stochastic DEA 
approach is used with respect to the set of 
comprehensive indicators to evaluate electricity 
distribution units. A noise analysis is applied for 
selecting the best α of SDEA model. Finally, SDEA 
model is performed for each input indicators to 
identify the most important shaping factor by 
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comparing efficiency results with the main SDEA 
model. The rest of this paper is organized as follows; 
the proposed approach is presented in section II.  In 
section III, the implementation procedure of the 
approach for evaluating of electricity distribution 
units has been investigated and the conclusions are 
presented in section IV.  

 

II. METHODOLOGY 

 
 In this paper an output oriented stochastic DEA 

approach is used to evaluate electricity distribution 
units.  This model is utilized to rank different 
electricity distribution units with respect to a set of 
key performance indicators in order to determine 
optimum performance and identify the most 
important shaping factor. The proposed approach is 
achieved as follows: 
Step1: Collect the required data of electricity 
distribution units from 2003 up to 2012 from Iran 
Power Generation, Transmission and Distribution 
Management Company publications.  

Step2: Define inputs and outputs of SDEA model. 
Outputs of this model are considered stochastic.  

Step 3: Define mean and standard deviation of each 
output indicators. 

Step 4: Apply SDEA model for evaluating electricity 
distribution units. 

Step 5: Validate and verify the results and perform 
noise analysis 

Step 6: Select the best α through noise analysis 

Step 7: Run SDEA for each of the inputs (The 
network length, transformers capacity and number of 
employees) and 2 outputs.  

Step 8: Identify the most important shaping factor by 
comparing the results of efficiency with the results of 
Step 4. 

 

A. Stochastic DEA 

Data envelopment analysis (DEA) is an ideal 
approach to evaluate the performance of various 
systems with multiple inputs and output. DEA is a 
widely used optimization method for measuring the 
relative efficiency of decision making units (DMUs). 

Sueyoshi [11] introduced a CCR stochastic model as 
follows for this problem: 
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The stochastic CCR model I evaluates the relative 
efficiencies of n DMUs (j=1… 17), each with m 
inputs and s outputs denoted by 

ijx  and 

rjy respectively. In model I,  ru  and iv  are the factor 

weights. 
,r jb is standard deviation of rky  and rky  is 

the mean of rky . Sueyoshi [11] considered 
j  as a 

risk criterion representing of decision makers and 

j as an expected efficiency level of the jth DMU 

(see Sueyoshi, 2000). In this study, we have three 
inputs and two outputs. The network length, 
transformers capacity and number of employees are 
considered as inputs. The number of customers and 
total electricity sales are considered as outputs. 

 

 

B. Noise analysis 

For choosing the best model, noise analysis 
should be performed for each model. Then, p-value 
of normality test is calculated for results of model. 
Model with higher correlation will be selected for 
evaluation performance assessment. In this study, this 
analysis is applied for selecting the best α parameters 
of SDEA model. 

 
C. Identify the most important shaping factor  

Identifying shaping factor for performance 
assessment is an important issue. This would help 
policy company and top managers to have a more 
comprehensive and thorough understanding about 
indictors that have more effect on system. To do this, 
SDEA model is performed for each input indicators. 
Then, the results of SDEA for each input indicator 
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are compared with results of SDEA for all indicators 
by correlation analysis. Finally, input indicator with 
higher correlation result will be chosen as the most 
important shaping factor. 

 

III. EXPERIMENT: IRANIAN ELECTRICITY 
DISTRIBUTION UNITS  

In this section, Iranian electricity distribution units 
are considered as the experiment of this study. The 
proposed approach is applied to Iranian distribution 
units from 2001 to 2011. In this study, 17 units of 
Iranian distribution units are considered as DMU.  
The network length, transformers capacity and 
number of employees are chosen as inputs while the 
number of customers and total electricity sales are 
chosen as stochastic outputs. As mentioned in 
previous section these variables are frequently used 
by previous studies [10]. The measurement units for 
the network length, transformers capacity and total 
electricity sales are kilometer (km), MVA and MWh, 
respectively. Our data series involves annual data on 
17 units observed over the eleven-year period from 
2001 to 2011. This data is obtained from Iran Power 
Generation, Transmission and Distribution 
Management Company publications. Number of 
customers and total electricity sales are not 
deterministic. So, due to lack of information about 
these parameters, theory of uncertainty is imported to 
model. 
 

A. SDEA results  

In this section, SDEA is applied for ranking 
DMUs.  To do this, mean and standard derivation is 
calculated for stochastic indicators of each DMUs. In 
this study, outputs are assumed stochastic.  

For selection the best 
j  for this problem, 

j  =0.1, 

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 are considered. 
To select the best

j , noise analysis is performed for 

each
j . Normality test is performed for noisy data 

by MINITAB® and the best α is selected based on p-
value. Table I shows p-value of normality test for 
different α.  

 

 

 

 

Table I P-Value for Normality Test 

α Average 

0.05 0.3626 

0.1 0.3831 

0.2 0.2523 

0.3 0.236 

0.4 0.4447 

0.5 0.0077 

0.6 <0.005 

0.7 <0.005 

 

According to Table I, for α=0.4, average of p-
value is higher than other α. So, this α must be 
selected for SDEA model. Esfahan has more 
efficiency score in this α. 

 

B. Validation and Verification  

In this section, stochastic and deterministic 
DEA are compared for validation and verification. In 
SDEA model, if 

rjb = 0 and the value of output equals 

to mean the result of SDEA and deterministic DEA 
must be similar. Correlation analysis was performed 
for the result of these models by MINITAB®.  
Moreover, Pearson correlation is equal to one.  Thus, 
the SDEA is validated and verified by deterministic 
DEA under above condition.  

 

C.  Select  the most important shaping factor 
 

To select the most important shaping factor, 
SDEA model is performed three times for each input. 
Table II shows the results of SDEA at α=0.4. SDEA 
1, SDEA 2 and SDEA 3 are performed for net length, 
transport capacity and number of employees as inputs 
separately, but in SDEA model, all inputs (net length, 
transport capacity and number of employees) are 
considered. Also, the number of customers and total 
electricity sales are considered as stochastic outputs.  
Correlation analysis is performed for the result of 
these models by MINITAB®.  
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Table II Efficiency Results for SDEA Model at α=0.4 

 

 
According to Table II, efficiency score of SDEA 

2 is closest to SDEA model with respect to the 
correlation.  So, transport capacity is selected as the 
most important and influential shaping factor because 
these indicator play a major role in performance 
assessment.  
 
 
 

IV. CONCLUSION  
 

In this paper, a Stochastic Data Envelopment 
Analysis (SDEA) is applied for electricity 
distribution unit's assessments. This approach is used 
for evaluating shaping factor for performance 
assessment of electricity distribution units. There are 
usually incomplete and stochastic data or lack of data 
with respect to electricity distribution companies. So, 
due to lack of information about some parameters, 
theory of uncertainty is imported to model and new 
approach for tackling such uncertainty problems is 
required. Also, identifying shaping factor for 
performance assessment is an important issue. This 
would help policy company and top managers to 
have a more comprehensive and thorough 
understanding about indictors that have more effect 
on system. To the best of our knowledge, this is the 

first study that presents a novel approach for 
performance assessment of electricity distribution 
units with stochastic outputs and evaluating shaping 
factor. The proposed approach is applied to Iranian 
distribution units from 2001 to 2011. In this study, 17 
units of Iranian distribution units are considered as 
DMU.  The network length, transformers capacity 
and number of employees are chosen as inputs while 
the number of customers and total electricity sales are 
chosen as stochastic outputs. Finally, noise analysis is 
used to select the best α for stochastic data. Then, 
transport capacity is selected as the most important 
and influential shaping factor because efficiency 
score for this indicator is closest to SDEA model and 
this indicator plays a major role in performance 
assessment. Also, the best of electricity distribution 
units is selected with respect to efficiency score.   
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DMU SDEA 1  SDEA 2  SDEA 3 SDEA  

Esfahan 0.646 0.951 0.951 0.951 

Azarbayejan 0.253 0.631 0.314 0.631 

Bakhtar 0.453 0.785 0.693 0.785 

Tehran 0.94 0.704 0.523 0.94 

Khorasan 0.375 0.867 0.595 0.867 

Zanjan 0.43 0.779 0.847 0.847 

Semnan 0.427 0.767 0.69 0.787 
Systan - 

Baluchistan 
0.223 0.595 0.323 0.595 

Gharb 0.256 0.611 0.483 0.627 

Kerman 0.325 0.72 0.678 0.72 

Kish 0.389 0.638 0.707 0.707 

Gilan 0.403 0.809 0.452 0.809 

Mazandaran 0.391 0.52 0.531 0.607 

Hormozgan 0.635 0.881 0.715 0.915 

Yazd 0.471 0.158 0.022 0.471 

Khuzestan 3 0.94 0.696 0.744 0.94 

Fars1 0.418 0.595 0.716 0.716 
Correlation 
with SDEA 

0.693 0.831 0.741 1.000 
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