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Abstract: The aim of this study is to measuring the efficiency of Water and Wastewater Company (WWC).
Data Envelopment Analysis (DEA) is a body of research methodologies to evaluate overall efficiencies and
identify the sources and estimate the amounts of inefficiencies in inputs and outputs. In DEA, the best
performers are called DEA efficient and the efficiency score of a DEA efficient unit is denoted by a unity. It
is possible to prevent wasting resources and unreasonable increase of costs by measuring efficiency of various
sections of the economy, especially servicing and nonprofit units. This research attempts to measure and
compare technical efficiency value of 17 municipalities of Markazi province (Iran) in urban Water and
Wastewater Company (WWC) by using DEA. Data for 2006 were used to estimate efficiency scores. The
results indicated less than 30% of municipalities were fully technically efficient that could be referred as
inefficient units. Capital input and water losses were the major source of the inefficiency. Thus, the policy
makers should focus on rebuilding the infrastructure of the water networks, beginning with the most DEA
inefficient municipalities in order to minimize water losses and maximize efficiency of capital input.
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INTRODUCTION 

Water and Wastewater Company (WWC) services
can be considered as important indicators of the
development of a country. All around the world, the
WWC services have experienced dramatic changes over
the last 20 years and have been subject to remarkable
improvement over the last decades (Kinnaman and
Fullerton, 1999). Due to the population growth, industrial
and agricultural development and the improved life
standards, the water consumption has increased. This
increase leads to the scarcity and limitation of water
resources. In addition, according to the excessive
consumption of resources, the water quality has
deteriorated. Since water is an important factor in a
sustainable development, mismanaging the water
resources can cause serious socio-economic
developmental crises for all countries.

Budget restrictions and the growing importance of the
water sector in the economy are also pointed out as
justifications for concern (Delgado, 2005). Provision of
adequate water supply and gathering wastewater are two
main tasks of Markazi Province WWC. This company
with seventy municipalities serves 240,000 connections
subscribers, i.e. a population of about 750,000. The WWC
services in Iran are regarded as monopolies and regulated
by the government. Water sale price is determined based

upon the economic council ratifications and the Iran
parliament approval. Since 2006, with the intention to
decrease hyper inflation, the Iranian government
implemented price stabilization for public utility. Public
utilities, such as WWC, power, gas and
telecommunications could not increase their sale prices.
Therefore, the sale price of the WWC services have not
changed and the average inflation rate has increased 17%
per year. To reduce the negative effects of this crisis, top
managers of the WWC need to provide and develop
autonomous units to enhance productivity. The
implementation of the price stabilization has also caused
the cost of production of WWC to be higher than the
water price and that cost has increased greatly for labor
wage and user cost of capital.

In this situation, the improving of productivity,
optimum use of factors and decreasing of cost of
production have a very significant role in continuing
survive the water and waste water companies. Price
stabilization and establishment of autonomous units
motivated to WWC manager to improve services,
marketing, budgeting and innovation.

The evaluation of performance and, in particular, the
use of benchmarking, can play an important role to invert
this tendency. In this scope, the aim of this study is to
evaluate the efficiency of the Markazi province water
supply systems using Data Envelopment Analysis (DEA).
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This study is for 17 municipalities in Markazi Province,
Iran and Data for 2006 were used to estimate efficiency
scores. The evaluation of water use efficiency factors
allow policy makers to monitor improvement programs
and to make better management decisions. 
 

THEORETICAL FRAMEWORK 

DEA builds on work initiated by Farrell (1957) who
defined two measures of efficiency for a firm. The first is
technical efficiency, which conforms to traditional
measures of efficiency and measures a firm's ability to
produce maximal outputs from a given level of inputs.
The second is price efficiency (also known as a locative
efficiency) and measures the degree to which a firm uses
the production inputs in the optimal proportions in view
of their individual prices. Farrell combines these two
efficiency measures to determine the overall efficiency of
the firm. In order for the firm to be efficient overall, it
must exhibit both technical and price efficiency. There is
no generally accepted definition of efficiency in the
literature. For example, Abbott (2006) defines efficiency
as ‘‘resources are being used in an optimal fashion to
produce outputs of a given quantity’’. Tong and Ding
(2008) indicate that ‘‘efficiency means getting any given
result with the smallest possible inputs, or getting the
maximum possible output from given resources’’. Since
there is no single meaningful measure for efficiency
performance across all industries, many approaches and
performance indicators, which largely depend on different
research objectives and the nature of industries, have been
proposed in literature Ang (2004, 2006) also Zhou and
Ang (2008). Data Envelopment Analysis (DEA) was
initiated in 1978 by Charnes et al. (1978) and the first
DEA model was called CCR model. Later, Banker et al.
(1984) extended DEA to obtain a variable returns to scale
version of the CCR model called BCC model. Since 1978
there has been a surge of research on DEA and many
further models were introduced in the literature. Cooper
et al. (2000) reviewed most of these developments and
extensions in DEA up to 2000. The objective of these
models, DEA models, is evaluating overall efficiencies of
Decision Making Units (DMUs) that are responsible to
convert a set of inputs into a set of outputs. The results of
DEA models divide the DMUs into two sets, efficient and
inefficient DMUs. While decision makers are interested
in a complete ranking of all DMUs, efficient units
obtained by original models cannot be differentiated
among themselves (Khodabakhshi, 2010a).

As well, the DMUs must operate in similar
environments otherwise differences in the operating
environment must be accounted for.   
There are two basic models in DEA method: 

C Charnes, Cooper and Rhodes model (CCR)
C Banker, Charnes, Cooper model (BCC)  

The CCR model is the original DEA model
introduced by Charnes et al. (1978) and is built on the
assumption of Constant Returns-to-Scale (CRS). That is
if the inputs are changed by a positive proportional factor,
the outputs will increase by the same factor. The BCC
model is a modification of the CCR model, where the
assumption of constant returns-to-scale is relaxed,
allowing for Variable Returns-to-Scale (VRS). Despite
the existing inefficiency concerns in the urban water
supply situation in Iran, to our surprise there is a dearth of
literature in examining this aspect with the use of DEA
technique. Going by the existing literature, we are unable
to find any study done so far by applying these techniques
for water supply in Iran. Lambert and Dichev (1993) also
carried out a comparative assessment of the performance
of private versus public water utilities. DEA technique
was used to calculate the efficiency scores for 238 public
and 32 private firms. The data were taken from American
Water Works Association (AWWA). The study concludes
that the major source of inefficiency is the technical
inefficiency. There exists little difference between
performance of private and public firms, Kirkpatrick et al.
(2006) also addresses the issue of ownership and its effect
on performance of the sector. This study examines the
effects of privatization on the performance of the sector
using data of African water utilities. Both the Stochastic
Frontier Approach (SFA) and DEA techniques are used
for the analysis. The result shows that there is not much
difference in the performance between the private-owned
utilities and public-owned utilities.

Shreekant et al. (2006) assessed the efficiency of
urban water supply system in 27 selected Indian cities for
the year 2004-05. They applied (DEA) as an analytical
tool for measuring technical efficiency. The cities are
directed into two groups (e.g., Municipal Corporations
and Government) according to the management structures
of their water utilities. The results exhibit that though the
average technical efficiency scorings between these two
groups are not significantly different the decomposition of
this total efficiency indicates that the utilities which are
managed by Municipalities in collaboration are relatively
scale efficient in comparison to the other group.
Moreover, the results also have implications for urban
domestic water pricing. De Witte (2008) used DEA to
compare the efficiency of the drinking water sector in the
Netherlands, England and Wales, Australia, Portugal and
Belgium. Their results suggest that regulatory and
benchmark incentive schemes have a significant positive
effect to efficiency. By incorporating the environmental
variables directly into the efficiency estimates they first
equalized the social, physical and institutional
environment and secondly deduced the effect of incentive
schemes on utilities as they would work under similar
conditions. Their analysis also demonstrated that in
absence of clear and structural incentives, the average
efficiency of the utilities falls in comparison with utilities
which are encouraged by incentives.
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Joel et al. (2010) employed DEA in order to measure
the relative technical efficiency of urban water utilities in
regional New South Wales (NSW) and Victoria. They
show that the almost Universal policy of water restrictions
is likely to reduce relative efficiency and the typically
larger utilities located in Victoria are characterized by a
higher degree of managerial efficiency.   

DEA METHODOLOGY

CCR model: The CCR model is the original DEA model
introduced by Charnes et al. (1978) and is built on the
assumption of Constant Returns-to-Scale (CRS). That is,
if the inputs are changed by a positive proportional factor,
the outputs become increased by the same factor.
(Mathematically, if a set of inputs and outputs (x, y)
represents a feasible activity within the set of all feasible
activities, then (tx, ty) is also feasible for any positive
scalar t.)

For n DMUs, each with m inputs and s outputs, the
CCR model is given by the following fractional program:
Max
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In this fractional program, yik represents outputs i for
DMU k, xjk represents inputs j for DMU k and ui and vj
represent the output and input multipliers. The fractional
program can be converted into the following linear
program, known as multiplier from of the CCR model:
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This linear program also has a dual envelopment
form:
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The above representation of the dual model employs
a single objective function to represent a two stage
problem. The first stage is to find the optimal value of q
and the second stage is to find the maximum sum of the
input and output slacks (s-

j and s+
i). The dual model is

preferred computationally over the linear programming
model because it has fewer constraints and it also
provides a more intuitive solution (Khodabakhshi, 2010b).

There are various elements to the solution of the
envelopment model. q is a measure of the DMUs
technical (or radial) efficiency and represents the value by
which die inputs must be proportionally reduced to project
the DMU onto the efficient frontier and render it
technically efficient. (A DMU with 2 =1 is technically
efficient as it already lies on the efficient frontier), s-

j and
s+

i are slack variables that represent, respectively, an
excess in input; and a shortfall in output i (measures of
mix inefficiency). To be fully efficient, a DMU must have
an efficiency score of 1 with all slacks being equal to
zero. A DMU with a technical efficiency score of 1 but
containing non-zero slacks is referred to as weakly
efficient. The l's represent the linear combination of
reference DMUs to which the DMU under analysis is
being compared, with all non-zero lk's indicating that
DMU k is a member of the reference set.

BCC model: The BCC model is a modification of the
CCR model, where the assumption of constant returns-to-
scale is relaxed, allowing for variable Returns-To-Scale
(VRS). The multiplier form of the BCC model is shown
below:

Max

(7)Z u y ui i
i

s

0 0 0
1

= −
=
∑



Res. J. Appl. Sci. Eng. Technol., 4(12): 1642-1648, 2012

1645

Subject to:
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U0 is free in signThe BCC model also has a dual
envelopment form:
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The BCC model varies from the CCR model only in
the presence of the free variable u0 in the multiplier form
and the additional constraint G8 = 1 in the envelopment
form. The constraint G8 = 1 is known as a convexity
constraint which combines with the constraint 8 k$0 to
impose a convexity condition on the permissible ways in
which the n DMUs can be combined. The variable Uo of
the multiplier form identifies the returns-to-scale situation
for a DMU on the efficient frontier. A positive Uo is
indicative of decreasing returns-to-scale, a negative u0 is

indicative of increasing returns-to-scale and u0 = 0 is
indicative of constant returns-to-scale. However, under
certain circumstances, multiple solutions may exist for the
variable Uo. Sueyoshi and Goto (2011) has developed a
method for determining the occurrence of multiple
solutions based on comparing the number of multipliers
with the number of binding constraints at optimality.
When the former is larger than the latter, multiple
solutions exist. Sueyoshi and Goto (2011) also offers two
models for dealing with multiple returns-to-scale
solutions. For further details, readers are referred to.

Scale efficiency: From a DMU's CCR and BCC technical
efficiency scores, one can determine its scale efficiency;
that is:

Scale Efficiency = 2CCR/2BCC (11)

This definition leads to the following breakdown of
efficiency scores:

2CCR = 2BCC× Scale Efficiency (12)

Therefore, while the BCC model, with its VRS
assumption, measures only pure technical efficiency, the
CCR technical efficiency score consists of a combination
of pure technical efficiency and scale efficiency. A BCC
efficient  DMU is scale efficient (with a scale efficiency
score of 1) only if it is operating under constant returns-
to-scale (u0 = 0), its most productive scale size. 

Data: In this section, we illustrate the proposed model
using real data set of 17 municipalities in Markazi
Province, Iran and Data for 2006 were used to estimate
efficiency scores.  The data of this simple model is
provided by the Markazi Province WWC Authority. One
of the key issues in implementing a DEA model is
choosing appropriate inputs and outputs. There are two
kinds of data in our model. The first is physical data, such
as labor, capital, consumption and number of consumers.
The second is economical data such as the wage of labor,
cost of water losses and income. Table 1 shows the
various  inputs  and  outputs as well as characteristics of

Table 1: Characteristics of the data set of 17 municipalities (2006)
Name Unit Minimum Maximum Mean Standard derivation
Total cost Rial, Lranian currency 200,232,694 22,015,930,062 2,869,993,096 5,096,391,395
Capital Rial, adjusted with 9,018,987 1,630,150,055 151,715,050 374,648,529

price index of capital
Consume cubic meters 162,772 33,746,146 3,714,138 8,063,785
Customers 715 90,910 10,596 21,236
Income ten million Rial, 8 1,574 169 385

Iranian currency
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data used in this study. The choice of inputs and outputs
for the estimation of efficiency is based on literature and
the availability of data.  There are two inputs and three
outputs to our DEA model. Each municipality uses
discretionary inputs (total cost and capital) to refine and
distribute water. We considered consumption, number of
customers and income as output. Some clarifications need
to be made with regard to the data used in the model.
Total cost related to the water distribution, Total cost
includes wage of labor, costs of water losses, operation
and maintenance expenses, energy and raw materials cost.
Value of capital contains plants; transmit ion and
distribution networks, other equipments, storages and
buildings. We adjusted value of capital by price index of
capital. There are two-part tariff in Markazi province
WWC, consisting of a fixed component, or access charge
and a usage component which is based on the volume of

Table 2: Efficiency results
CRS VRS Scale Supper

Municipality (CCR) (BCC) efficiency efficiency
M1 Astaneh 0.94 1.00 0.94 0.94
M2 Ashtian 0.92 0.95 0.97 0.92
M3 Arak 0.98 1.00 0.98 0.98
M4 Tafresh 0.61 0.61 1.00 0.61
M5 Khomin 1.00 1.00 1.00 1.04
M6 Delijan 0.62 0.66 0.94 0.62
M7 Zavieh 0.65 0.67 0.97 0.65
M8 Saveh 1.00 1.00 1.00 2.48
M9 Shazad 0.62 0.67 0.92 0.62
M10 Gargabad 0.42 0.43 0.97 0.42
M11 Farnahin 0.59 0.68 0.87 0.59
M12 Komijan 0.66 0.67 0.98 0.66
M13 Mamonieh 0.86 0.94 0.91 0.86
M14 Mahalat 0.80 0.85 0.94 0.80
M15 Narag 1.00 1.00 1.00 1.28
M16 Nobaran 0.53 1.00 0.53 0.53
M17 Parandak 0.72 0.78 0.92 0.72

Average 0.76 0.82 0.93 0.87

 water consumed. Income only includes usage component
and we can say it is equal to average price of water
multiply by consumption. Fixed component revenue is
used for creation and development of infrastructures and
this revenue is under control by government. Thus we did
not consider fixed component revenue as output. 
 
Model analysis: DEA models were run using DEA-
Solver software. An input-oriented, Variable Returns-To-
Scale (VRS) and Constant Return-To-Scale (CRS) models
were employed. Using our model, we estimate
efficiencies for the 17 municipalities in Markazi Province,
Iran. The overall average efficiency score was 0.76 in
CRS. Municipalities M5, M8 and M15 were ranked as full
efficient in CRS model. The lowest efficiency score was
0.42 for unit M10. Nine municipalities (53%) had
efficiency score below the average. The cross efficiency
based on CRS was presented in Table 2. The overall
average efficiency score based on VRS model was 0.82.
In addition to full efficient units in CRS model, M1, M3
and M16, respectively are added to the set of full efficient
in VRS model. The lowest efficiency score was 0.43 for
municipality M10. Eight municipalities (47%) had
efficiency score below the average. The scale efficiency
of the municipalities can be calculated by taking the ratios
of their CRS and VRS efficiency scores. The overall scale
efficiency score for municipal production model was 0.93,
suggesting that optimal scale size accounted for
approximately 7% of the total inefficiency. Furthermore,
the smaller municipalities had lower scale efficiency score
than the bigger municipalities.  These results indicate that
smaller municipalities must revise their structure. In super
efficiency model, the group peers are Saveh and Nragh
municipalities, especially Saveh in which its super
efficiency score is the highest scores. The fact that many

Table 3: Improvement for input and outputs based on CRS
Total cost Capital Consumption Income
--------------------------------------- -------------------------------------- ------------------------------------ ---------------------------------

Mi Actual Difference (%) Actual Difference (%) Actual Difference (%) Actual Difference (%)
M1 970,405,817 -47 13,946,927 -6 474,713 77 15 200
M2 2,176,906,626 -57 25,352,175 -8 768,868 95 48 69
M3 22,015,930,062 -2 1,630,150,055 -50 33,746,146 0 1,574 0
M4 1,704,955,099 -39 48,151,978 -39 1,158,269 41 35 140
M5 3,034,732,386  0 180,937,181  0 4,547,906 0 142 0
M6 2,585,244,508 -38 115,238,348 -40 2,338,358 0 96 0
M7 674,906,496 -35 20,722,775 -35 489,755 37 15 120
M8 788,503,4944  0 198,771,495  0 12,764,578 0 695 0
M9 1,433,396,232 -38 52,488,805 -38 1,277,990 0 37 54
M10 650,794,783 -58 24,340,949 -58 296,673 28 9 78
M11 484,944,772 -41 13,344,591 -41 236,201 92 8 188
M12 612,192,715 -34 20,206,414 -34 465,074 28 14 100
M13 1,292,971,166 -14 44,978,526 -14 1,376,634 17 49 51
M14 2,121,371,515 -20 156,765,124 -48 2,338,301 0 85 0
M15 200,232,694  0 9,018,987  0 253,608 0 9 0
M16 393,654,175 -51 9,197,390 -47 162,772 91 16 0
M17 552,208,643 -28 15,544,136 -28 444,493 40 19 68
sum 48,789,882,633 -13 2,579,155,856 -40 63,140,339 4 2,866 8
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municipalities are evaluated efficient with fairly high
average efficiency scores does not indicate that
municipalities included in the analysis are efficient. It is
simply the result of adopting a particular model of DEA
applied to a particular set of DMUs. Therefore, we cannot
say that municipalities are more efficient than other
municipalities in other provinces. In Table 3, we
compared the actual amount of input and output with the
optimum level. The results of Table 3 suggest that on
average the municipalities in the model can reduced their
total cost and capital input by 13 and 40%, respectively,
while maintaining the same level of outputs. Arak
municipalities are the largest municipalities and can
reduce its capital input by 50%. Capital input in the larger
company except Khomin is very inefficient and the top
manager must attend to this result. Moreover, 11 of the
municipalities can decrease their total cost by 20% and
these municipalities most in need of attention also on
average the municipalities in the model can increase their
consumption (sale of water) and income outputs by 4 and
8%, respectively, while maintaining the same level of
inputs. The smaller municipalities can increase their
output very higher than average. It is impossible to
compare the results of independent studies as each
establishes its own unique efficient frontiers from the
DMUs included in the sample being analyzed. However,
it may be useful to contras the results of DEA models
with other studies simply to establish a frame of reference
for the DEA scores.

CONCLUSION

This study makes a tripartite contribution. First, it
represents the first analysis of the efficiency of regional
urban WWC in Markazi province, Iran.  Second, it is the
first analysis of the contribution differing institutional
structure makes to relative efficiency in the Iran WWC
context. Finally an introduction to the basic DEA models
for assessing efficiency under constant and variable
returns to scale is given. The efficiency ratings had an
impact on the cap placed on the company's charges
though the link between the efficiency rating and the cap
determination is not a direct one.

The potential impact of the DEA analyses is
nevertheless very substantial in view of the very large
charges involved aggregated both over the province and
over several years. The study concluded with certain
unresolved generic issues affecting the use of DEA in
regulation. One way to increase the number of comparator
units is through the use of super efficiency, treating each
unit as a distinct comparative entity in each unit of time.
The approach does depend on a relatively stable
technology to make comparisons of performance across
time meaningful.
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