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Abstract

One of the effective methods for improving the efficiency of an organization is benchmarking
against successful organizations. Not only benchmarking could be a technique for identifying
problems but also it greatly helps managers in relations of the design of processes. Among strategic
and infrastructure industries in each country, the electricity industry is one of the most important and
critical industries. Besides, it is considered as a unique industry due to its capital-intensive and costly
nature. Hence, increasing efficiency and productivity in this industry is very important. This study
was aimed at investigating and evaluating the efficiency of the above-mentioned companies by using
the nonparametric data envelopment analysis (DEA) method. Moreover, since power transmission
operations are carried out by regional electricity companies during multiple processes, network
models were used in this study to evaluate the efficiency of regional electricity companies in Iran. The
required information for efficiency analysis was extracted from the performance of listed companies
in statistical yearbook of Iran electricity industry in the year 2011. The results indicate that regional
electricity companies in Isfahan, Zanjan and Kerman achieved similar efficiency in both phases of
their work. Moreover, the results show that the use of network models in evaluating the efficiency of
Iran's regional electricity companies enables researchers to investigate the efficiency of internal
processes of companies and give a vivid picture of the performance of an organization. These models
also help in finding reasons for inefficiency of companies.

Keywords: Performance evaluation, Efficiency, Network Data Envelopment Analysis, Iran's
Electricity Industry, Regional Electricity Company.
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1. Introduction

In the modern era, dramatic changes in the
science of management have necessitated the
use of the evaluation system. The lack of
evaluation in different dimensions of an
organization such as resources and facilities,
staff, goals and strategies is one of the signs of
organization's_disease. Each organization is in
urgent need of an evaluation system in order to
recognize the utility and quality of its activities
especially in complex dynamic contexts. On
the other hand, the lack of an evaluation and
control system in an organization means the
lack of communications between inside and
outside organizational contexts which leads to
the aging and finally death of the organization.
The measurement of efficiency, as one of the
most important methods of performance
evaluation and productivity of a company, has
always been studied by researchers. Efficiency
means the extent to which an organization can
use its resources for the purpose of production
in a certain period of time. In other words,
efficiency is the amount of the consumption of
resources to produce a certain amount of a
product [22]. The first step in improving
efficiency is measurement. The measurement
creates

the

of efficiency and productivity

conditions in  which managers of

organization could recognize their situation

and plan for improving the present

conditions[7].
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DEA

nonparametric

is one of the most widely used
methods  of  efficiency
evaluation. DEA is a method based on an
optimization approach by using a linear
programming. It is used for the relative
evaluation of decision making units (DMU)
that perform similar tasks.

Electrical energy

(power) is of high

importance and has a great role in
development and prosperity of countries. That
is why governments consider the electricity
industry as one of the infrastructure industries.
Thus,

governments. Supplying one of the most

it is under special supervision by

important forms of energy, the electricity
industry has an undeniable role in flourishing
the national economy of countries. Power has
some advantages over other kinds of energy
including the relatively easy transmission to
distant areas, ease of distribution to
subscribers and conversion to other forms of
energy [15].

Among the important and effective companies
in the area of electricity industry are regional
electricity companies whose main task is to
transmit ~ power. Regional  electricity
companies perform this task through posts,
lines and power transmission network. They
transmit electricity to power distribution
companies by selling energy in Iran's power
market. Since the process of power
transmission has a multistage nature and

conventional DEA models do not address
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network DEA
models are used in this study to evaluate the

internal  DMU processes,
overall efficiency and the efficiency of the

internal processes of regional electricity

companies. Network  models  enable
researchers to investigate internal processes
and procedures of DMU as well as the overall
efficiency of each DMU [4].

Due to the key role of regional electricity
companies in power industry and the need for
increasing their efficiency, the main objective
of the present study is to evaluate the
efficiency of these companies in each phase of
their work, rank them in every phase of their
work and determine model units for inefficient
companies in each phase.

2. Theoretical Foundations of the Study
Benchmarking is the continuous process of
comparing the operations of the organization
with the company or organization that has the
best performance in such operations [1].
Providing a framework for organizations to be
informed of the activities of the best
organization and to determine distinctions
between the current organization and the best
one, benchmarking indicates the ways in
which existing gaps could be bridged. In fact,
benchmarking is a tool for continuous
improvement and could be utilized by various
manufacturing and service organizations [2].
As a classification, two general methods have
been introduced for benchmarking. The first
one is quantitative benchmarking which

involves using measurement standards for
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quantitatively comparing the performance with
model companies and organizations with
regard to cost, quality and time. The second
one is qualitative benchmarking which seeks
to compare current operation methods, and not
their results, with the employed methods by
model companies and organizations [3]. DEA
is one of the quantitative methods of
benchmarking that aims at determining the
efficiency of a decision making unit or system
through the process of converting inputs to
outputs. In other words, the goal is to
recognize the units that obtain the maximum
amount of output from the minimum amount
of input. Such a unit that has efficiency equal
to 1 is called an efficient unit and other units
that have efficiency between 0 and 1 are called
inefficient units. DEA enables managers to
properly evaluate their units and make the
right and logical decisions for optimized
allocation of resources [27].

DEA

models by researchers is that these models

A criticism leveled at conventional
consider systems as a closed set and ignore the
processes within the system, their performance
and relations with each other. This approach
which is called black-box approach misses
most of the valuable information about DMU
and limits the efficiency analysis of DMUs to
initial input and final output [2] [8] [10] [16]
[17] [21] [29].

In fact, DEA models have

problems in calculating the efficiency of

conventional

complex systems and the processes consisting
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of multiple phases and medium measures and
cannot properly compute the efficiency of each
one of internal processes [4]. Therefore, the
results of  efficiency calculated by
conventional DEA methods may prevent
accessing valuable managerial information.

To solve this problem, Far and Grosskopf
(2000) presented an article and, while pointing
out the weakness of the conventional DEA
model, introduced network DEA. They
highlighted the importance of the new model
in more precise analysis of the efficiency of
DMUs. This model considers a decision
making unit with all its subunits and existing
communications as a network structure. In this
model, it is assumed that the system being
evaluated consists of several similar decision
making units. Each unit in turn is composed of
several connected subunits [26]. Since network
models provide the possibility of investigating
the internal processes of each DMU, they give
a more precise picture of the efficiency of
DMUs [23].

3. Network Model of Li et al. (2012)

The framework for the present study is based

on one of the newest proposed models in the

2t "™ ,] Stagel

field of network DEA models suggested by Li
et al. in 2012 (Figure 1).

This model is based on the premise that in a
process two-phase structure, one of the phases
is more important for the management of the
organization. This phase is called, "leader" and
the other phase is called, "follower" by Li et al.
Due to more significance attached to the leader
phase, the efficiency of this phase should first
be calculated and maximized. Then, based on
the efficiency of the leader phase, the
efficiency of the follower phase is determined.
For example, if we consider phase 1 as the
leader phase in figure 1, the efficiency of this

phase is obtained by the following relation:

Relation(1)

v, Wg, Qp,uy = 0, vi,d,h,r
Also, the efficiency of the second phase is

obtained by the following relation:

Stage 1 |——»

T

x,zlj,h=1,...,H

Figurel. Network Model (Li et al., 2012)
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Relation (2)
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In selecting this model, several measures were
taken to evaluate the efficiency of the phases
and internal processes of regional electricity
companies of Iran:

First, the proposed models on network DEA
such as those of Fare and Grosskopf (2000),
Kao (2009), Cook et al. (2010), Chen and Yan
(2011) and Li et al. (2012) were investigated.
Then, missions, goals, tasks and work
processes of regional electricity companies
were studied and the extent to which work
processes of regional electricity companies are
consistent with the so-called network models
was explored. Finally, university professors
who are expert at DEA commented on the
issue and taken together, the model of Li et al.
(2012) was more consistent with the process of
power transmission by regional electricity
companies. Therefore, this model was used in

the present study.
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4. Methodology
The present study investigates the efficiency of
the power transmission section in Iran's
electricity industry. The data used in the study
is related to the performance of regional
electricity companies in the year 2011 and the
required information was extracted from the
statistical yearbook of Iran's electricity
industry in power transmission section and
reports about the current status of power
industry.

5. Specifying Input and Output Variables of
Regional Electricity Companies

The selection of input and output variables is
one of the important steps in the evaluation of
efficiency via DEA method. In other words,
the lack of care in the selection of variables
disparages results of the evaluation. Due to
these reasons, three important points are taken
into account in the selection of inputs and
outputs: 1) the variables used in the previous
studies of efficiency evaluation of power
industry in the world, 2) the possibility of
access to and collection of data concerning
and 3)

comments made by experts and masters of

research  variables integrating
science in power industry.

Given the above-mentioned points, the
synthesis of previous studies, examining the
possibility of data collection and finally
comments made by experts in power industry,
input and output variables of the present study

are given in Table 2:
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Tablel: Input and Output Variables of the Study

Type of Variable Phase No. Name of Variable

Input 1% phase Cost of power transmission plans (Million Rial)
Input 1% phase Number of plan and development staff (person)
Input 2nd phase Capacity of current transformers (MVA)
Input 2nd phase Length of current network (km)
Input 2nd phase Total number of staff (person)
Mean 1% phase-2nd phase | Increase in the capacity of transformers (MVA)
Mean 1* phase-2nd phase Increase in the length of the network (km)

Final-Output 2nd phase The amount of energy delivered (Million KWH)

The point that regional electricity companies
use what process to achieve their main goal,
i.e. power transmission, is given in some
sections of IEEE-1127 standard. This standard
was codified by the Institute of Electrical and
Electronics Engineers (IEEE) in 2004 to meet
consistency in power transmission activities
with the environment. According to this
standard, power transmission activities include
design (planning), construction (planning and
development) and operations.

The structure of regional electricity companies
in Iran is in line with the above-mentioned
These

deputies namely,

standard. companies have three

technical planning and
research deputy, design and development
deputy and operation deputy (Iran Monneko
Consulting Engineers Company, 2013).

The planning and research deputy is in charge
of preparing and codifying power production
and transmission as well as planning and
estimating the required amount of energy with
a long-term approach. The design and
development deputy designs and builds lines

and posts of power transmissions based on the
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planning done by planning and research
deputy with regard to the predicted need for
energy consumption in future. And finally, the
operation deputy operates the lines and posts
of power transmission that have been put in
orbit and provides maintenance on them.

A point worth mentioning in the efficiency
analysis of internal units of regional electricity
companies is that the task of planning and
research deputy is a long-term one and due to
the nature of the tasks of this deputy, no
statistics and information about its activities
are published. Therefore, efficiency evaluation
of this phase and the comparing companies in
this section were not possible. That is why in
the present study the process of power
transmission by regional electricity companies
is considered as a two-phase process. In this
process, Iran's regional electricity companies
use two phases to transmit power from power
stations to distribution centers and delivering
to the final customer. In the first phase, the
builds

transmission and distribution posts and lines

design and  development unit

by paying the costs, capital investment and
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employing expert staff. In the second phase,
the posts and lines, that have been built,
examined and run, are put into orbit by
operation units. After making the necessary

After formulating the problem of linear
planning for evaluating the efficiency of each
company in both phases of design and

development and operation, the data of the

changes in power voltage, posts and lines present study was analyzed by GAMS
transmit the required energy to the intended software.
destinations. Based on the above explanations
and the introduced variables, the two-phase
process of power transmission and
communications between input and output
variables are presented in Figure 2.
Capacity of current transforers
The cost of Increasing
power capacity of
transmission transformers
Am_ount of
—_— Phase 1 g Phase 2 ec:;l:;;red
Design and development > Operation >
L Increasing length of lines
Number of
Design and

development
staff

Total no. of staff

Length of current

lines

Figure 2: The Two-phase Process of Power Transmission

To calculate efficiency based on the model of
Li, et al. (2012), the leader and follower units
should be specified due to their importance in
the process of power transmission.

In this study, both phases of design and
development and operation have the capability
of being the leader.

However, the first phase, i.e. design and

development, is a prerequisite and it is
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introduced as the leader phase.

The values of input and output variables of the
study in relation to first phase, i.e. design and
development, are given in Table 3 for 16
regional electricity companies.

In Table 4, the values of input and output
variables of the second phase, i.e. operation, of

regional electricity companies are given:
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Table 2: Values of Input and Output Variables of the Study in the First Phase

2 Name of Cost of Power | Number Increa_se n Increase in
§ Company Transmission | of Staff Capacity of Network
I Transformers Length
1 | Regional Electricity of Azarbayejan 353053 50 255 359/1
2 Regional Electricity of Isfahan 738382 53 910 517
3 Regional Electricity of Bakhtar 177737 28 245 117/3
4 Regional Electricity of Tehran 1247836 86 260 287
5 Regional Electricity of Khorasan 539445 38 650 717
6 | Regional Electricity of Khouzestan 624911 152 1054 9/4
7 Regional Electricity of Zanjan 221529 40 580 313/8
8 Regional Electricity of Semnan 98624 10 1070 0
9 Regional Electricity of Sistan 239004 124 285 193
10 Regional Electricity of West 384345 55 1213 47/3
11 Regional Electricity of Fars 652974 71 2575 271/3
12 Regional Electricity of Kerman 87834 38 90 308/5
13 Regional Electricity of Guilan 223627 29 755 57/3
14 | Regional Electricity of Mazandaran 524072 43 850 93
15 | Regional Electricity of Hormozgan 548425 29 783 3009
16 Regional Electricity of Yazd 299270 25 350 103/5
Table 3: Values of Input and Output Variables of the Study in the Second Phase
; . Length
2 Name of Capacity of 019 Total Number of The A_mount
) Current of delivered
S Company Transformer Current Staff Energy
a Network
1 Regional Electricity of 15031 7715/5 255 359/1
Azarbayejan
2 Regional Electricity of Isfahan 21305 53 910 517
3 Regional Electricity of Bakhtar 16863 28 245 117/3
4 Regional Electricity of Tehran 49334 86 260 287
5 Regional Electricity of Khorasan 17126 38 650 717
6 | Regional Electricity of Khouzestan 34669 152 1054 9/4
7 Regional Electricity of Zanjan 6732 40 580 313/8
8 Regional Electricity of Semnan 3753 10 1070 0
9 Regional Electricity of Sistan 5464 124 285 193
10 Regional Electricity of West 10282 55 1213 47/3
11 Regional Electricity of Fars 26395 71 2575 271/3
12 Regional Electricity of Kerman 10967 38 90 308/5
13 Regional Electricity of Guilan 7554 29 755 5713
14 | Regional Electricity of Mazandaran 14934 43 850 93
15 | Regional Electricity of Hormozgan 12746 29 783 3009
16 Regional Electricity of Yazd 5483 25 350 103/5
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6. Results of the Study

6.1. Efficiency Values of Companies

Solving the linear planning model in relations
1 and 2, we can determine the percentage
efficiency of regional electricity companies
according Table 5 in both phases of design and
The
efficiency of each DMU is obtained from

development and operations. total
multiplying the efficiency of the first and
second phases. In this table, the rank of each
company in each phase and also the rank of
the company in total efficiency are given.

The results of efficiency of companies in the
first phase indicate that the phase of design
and development of regional electricity
company of Isfahan, Zanjan, Semnan, Kerman

and Hormozgan have 100 percent efficiency.

phase of operation for regional electricity
companies of Isfahan, Bakhtar, Khorasan,
Zanjan, Kerman and Guilan have 100 percent
efficiency. Concerning total efficiency, only
regional electricity companies of Isfahan,
Zanjan and Kerman are efficient. In the first
phase, i.e. design and development, regional
electricity companies of Isfahan, Zanjan,
Semnan, Kerman and Hormozgan have the
same efficiency and therefore are ranked first.
Moreover, in the second phase, regional
Bakhtar,

Tehran, Khorasan, Zanjan, Kerman and Guilan

electricity companies of Isfahan,

have the same efficiency and therefore are
ranked first. On the other hand, regional
Sistan  and

electricity  companies  of

Balouchestan and Fars indicate the poorest

In the second phase, the results show that the performance.
Table 4: Values of Efficiency of Regional Electricity Companies
g Efficiency Rank of Efficiency Rank of Rank of
. st nd Company Total Company
o) Company's Name of 1 Company of 2 L . -
s phase in 1 phase phase inl Efficiency | in Total
o phase Efficiency
1 Regional Electricity of Azarbayejan 0.82 2 0.79 8 0.65 4
2 Regional Electricity of Isfahan 1 1 1 1 1 1
3 Regional Electricity of Bakhtar 0.53 4 1 1 0.53 5
4 Regional Electricity of Tehran 0.34 8 1 1 0.34 9
5 Regional Electricity of Khorasan 0.17 10 1 1 0.17 13
6 Regional Electricity of Khouzestan 0.16 11 0.98 2 0.16 14
7 Regional Electricity of Zanjan 1 1 1 1 1 1
8 Regional Electricity of Semnan 1 1 0.95 3 0.95 2
9 Regional Electricity of Sistan 0.32 9 0.65 10 0.21 12
10 Regional Electricity of West 0.32 9 0.87 5 0.28 11
11 Regional Electricity of Fars 0.72 3 0.67 9 0.48
12 Regional Electricity of Kerman 1 1 1 1 1
13 Regional Electricity of Guilan 0.46 6 1 1 0.46
14 | Regional Electricity of Mazandaran 0.37 7 0.83 6 0.31 10
15 | Regional Electricity of Hormozgan 1 1 0.83 7 0.83 3
16 Regional Electricity of Yazd 0.5 5 0.9 4 0.45 8
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4.2. Introducing Model Units for Inefficient
Companies

In this part, a model and reference unit is
introduced for regional inefficient companies
of Iran so that they could reach efficiency
border by being compared to model companies
and following the reference unit with regard to
the rate of inputs and outputs. Table 5
reference units for

introduces model and

inefficient companies in the design and
development phase:

For example, the regional electricity company
of Azarbayejan, as an inefficient company in
the design and development unit, can increase
like

regional electricity companies of Isfahan and

its efficiency by following models

Kerman. In Table 8, model and reference units
for inefficient companies in the second phase,
i.e. operation, are introduced.

In the second phase, i.e. operation, for instance
regional electricity company of Azarbayejan,
as an inefficient company, can follow the
model of regional electricity companies of
Bakhtar, Zanjan and Guilan.

5. Discussion and Conclusion

The rationale behind using network DEA
models is that internal processes and phases in
DMUs were previously ignored. In fact,

conventional DEA models consider each
company just as a DMU and limit their
calculations to initial inputs and final outputs.
The results of the current study suggest that we
need to use network models and investigate

the internal processes of companies to be able
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the for

insufficiency and efficiency status of regional

to carefully examine reasons
electricity companies. That's because these
companies use multiple phases transmit power
in electricity industry and the efficiency of
each one the phases is of high importance.
Given the results of the present study and the
comparison of the efficiency of regional
electricity companies in first and second
phases and their total efficiency, if the goal of
the researcher, in analyzing the efficiency of
Iran's regional electricity companies, is to
determine the total efficiency of companies
without paying attention to their internal units,
he or she cannot present a precise and real
picture of the performance and efficiency of
regional electricity companies. To elaborate
more on the issue, following examples are
given:

1. The efficiency of the regional electricity
company of Khouzestan is equal to 16 percent
among all 16 regional electricity companies
throughout the country. This company has the
lowest amount of efficiency among all
companies. The low efficiency of the regional
electricity company of Khouzestan compared
to other companies could be interpreted and
justified with two approaches:

A) At first sight and without analyzing the
internal processes of this company, one may
say that this company has the minimum
amount of efficiency in all of its subunits and
that, the management of this company should

be advised to reconsider its work processes in
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Table 5. Introducing Model Units in the First Phase (Design and Development)

:g'(\e/lﬁliJciNeg.t Name of Inefficient Company MOdi:OI_DMU Name of Model Company
1 Regional Electricity of Azarbayejan 12,2 Regional ;I(?Clgei?ri;);ﬁf Isfahan
3 Regional Electricity of Bakhtar 15,8, 7 Re%ieonrmlas ,IZitéicHiL);r?Lfsgrj;an,
4 Regional Electricity of Tehran 15,2 Regionglngla(;[:ﬁgzg(;lsfahan
5 Regional Electricity of Khorasan 15,8 S';?;gg?ﬂ%'ﬁ;ﬁggo;n
6 Regional Electricity of Khouzestan 12,8 Ssr?riggzlnilﬁ:;:irﬁggogn
9 Regional Electricity of Sistan 12,8 Sgr?riggegnilﬁ:;irﬁggogn
10 Regional Electricity of West 12,8 Sgr?riggegnilﬁ:;irﬁggogn
11 Regional Electricity of Fars 15,8,7 Regsi:rr:]ilaliI:ﬁgigi;)r/rggzzga:gan,
13 Regional Electricity of Guilan 15,8,7 Regsi:rr:]arl]lalri]I:ﬁgiﬁi;)r/rggzzga:gan,
14 Regional Electricity of Mazandaran 15,8, 7 Regsi:r?%lalﬁlsﬁgi&ignggzz ; :gan,
16 Regional Electricity of Yazd 15,8,7 Regsi:rr:]arl]lalri]I:ﬁgiﬁi;)r/rggzzga:gan,

Table 6. Introducing Model Units in the Second Phase (Operation)

B]It\a/lﬁ&c:\legF Name of Inefficient Company Dl\l\;lldeEIo. Name of Model Company
1 Regional Electricity of Azarbayejan 13,7, 3 Regionzalérl]fjgencgri](aités)ﬁ aliakhtar,
6 Regional Electricity of Khouzestan 13,4,3 Region_?(larll-:r Lenct;ri:(:jitégifl ;akhtar,
8 Regional Electricity of Semnan 13,7,3 Region;;rﬁﬁcgrigté&]; aliakhtar,
9 Regional Electricity of Sistan 7,3 Regional Electzr;cr:};/nof Bakhtar and
10 Regional Electricity of West 7,3 Regional Electzriacr:';g nOf Bakhtar and
11 Regional Electricity of Fars 7,32 Regiogzlka:;:t;ri]cgt%;nfj;fahan,
14 Regional Electricity of Mazandaran 13,7,2 Regior;\;n%;ic;rrzgiguﬁ;sfahan,
15 Regional Electricity of Hormozgan | 13,7, 3,2 ReBg;Eﬁgfg;;gtgnzfg:ﬁgzn’
16 Regional Electricity of Yazd 7,3 Regional EIethrLcr:}gnof Bakhtar and
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different units of the company and follow the
model of efficient companies to enhance the
efficiency of its own.

B. Based on network model and by calculating
the efficiency of the first phase, i.e. design and
development, and the second phase, i.e.
operation, we can observe that this company
has a relatively good efficiency in the second
phase, i.e. operation and with the efficiency of
98 percent is ranked as the second company
among 16 regional electricity companies. In
fact, the poor performance of the first phase,
i.e. design and development, has minimized
the efficiency of this company to the extent
that it is placed as the last company among
regional electricity company. Thus, the
management of this company should be
advised to reconsider work processes of the
design and development phase.

2. A similar condition is observed in the
efficiency analysis of regional electricity
company of Guilan. This company has the
efficiency of 46 percent and is considered as
an inefficient company. It does not show a
suitable performance compared to other
companies. Upon closer inspection of internal
processes, however, it is seen that the
company has 100 percent efficiency in the
second phase, i.e. operation, and the only
reason for the (total) inefficiency of this
company is insufficiency observed in the
design and development phase.

Based on the results of the present study and

the fact that many companies face with low
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sufficiency in the design and development unit
despite suitable performance in operation
units, it is suggested that power ministry and
parent technical TAVANIR company consider
the

performance of the design and development

suitable  indexes for  evaluating
units of Iran's regional electricity companies so
that these units could enhance their efficiency
in line with operation units.

Moreover, it is suggested that in a separate
study, the second phase, i.e. operation, could
be considered as the leader and the results of
the efficiency of companies and their work

phases compared with the results of this study.
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