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Abstract

Woater and wastewater companies play a vital role in society as providers of drinking water

services. Therefore, measuring the efficiency of these companies is an action that can help in the
optimal allocation of water distribution among customers. Therefore, the present study was
conducted to evaluate the efficiency of water and sewage companies in Markazi province. For
this purpose, the interval fuzzy data envelopment analysis method was used. The basic premise
of this method, unlike the traditional method of data envelopment analysis, is uncertainty about
inputs and outputs. Given that uncertainties in the real world are inevitable, the need to use
models that have the ability to control this uncertainty is strongly felt. Hence, a successful
method is to use fuzzy data envelopment analysis method. The results of evaluation related to
seventeen water and wastewater companies in Markazi province showed that Arak, Khomein,
Delijjan, Saveh, Komeijan, Mamooniyeh, Mahallat and Naragh by obtaining the efficiency range
(0.83, 1), have the highest level of technical efficiency. In addition, among the units under
study, Ghargabad Water and Wastewater Company has the lowest level of technical efficiency
with an efficiency range of (0.56, 0.46). There is also an excess of consumption over the
research findings in the use of all inputs. Therefore, it was suggested that with the correct and
optimal use of production inputs and less use of resources, the amount of efficiency can be
improved to reach the efficiency frontier.

Keywords: Markazi Province, Interval Fuzzy Data Envelopment Analysis, Imprecise Data,
Water and Wastewater Companies.
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Table 1. Descriptive statistics of inputs and outputs

Variable Min Mean Max Std.dev
Number of customers 1144 16953 145456 35023
Water sold 276712 6314034 57368448 14130331
Wasted water 97992 1400032 9554966 2423302
Labor 6 39 260 62
Capital stock 14430381 242744081 2608240089 617886183
Operating costs 57078989 1027107983 8673811066 2116599481
Source: Research data
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Table 2. Score of technical efficiency lower bound for different a-cuts

. Year 2016

City (1) 0.2 0.4 0.6 0.8 (L] Average
Astaneh 0.66 0.71 0.77 0.84 0.91 0.98 0.81
Ashtian 0.62 0.67 0.73 0.79 0.85 0.92 0.76
Arak 0.67 0.73 0.79 0.85 0.92 1 0.83
Tafresh 0.52 0.57 0.61 0.66 0.72 0.78 0.64
Khomein 0.67 0.73 0.79 0.85 0.92 1 0.83
Delijan 0.67 0.73 0.79 0.85 0.92 1 0.83
Zaviyeh 0.46 0.50 0.54 0.58 0.63 0.68 0.56
Saveh 0.67 0.73 0.79 0.85 0.92 1 0.83
Shazand 0.43 0.47 0.51 0.55 0.60 0.65 0.53
QarghAbad 0.37 0.41 0.44 0.48 0.52 0.56 0.46
Farmahin 0.45 0.49 0.53 0.57 0.62 0.67 0.55
Komeijan 0.67 0.73 0.79 0.85 0.92 1 0.83
Mamooniyeh 0.67 0.73 0.79 0.85 0.92 1 0.83
Mahallat 0.67 0.73 0.79 0.85 0.92 1 0.83
Naragh 0.67 0.73 0.79 0.85 0.92 1 0.83
Nobaran 0.41 0.44 0.84 0.52 0.56 0.61 0.51
Parandak 0.60 0.65 0.70 0.76 0.82 0.89 0.74

Source: Research calculations
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Table 3. Score of technical efficiency upper bound for different a-cuts
. Year 2016
City ) .2 Oo.4 Uo.6 Uo.8 o Average
Astaneh 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Ashtian 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Arak 1 1 1 1 1 1 1
Tafresh 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Khomein 1 1 1 1 1 1 1
Delijan 1 1 1 1 1 1 1
Zaviyeh 0.68 0.68 0.68 0.68 0.68 0.68 0.68
Saveh 1 1 1 1 1 1 1
Shazand 0.65 0.65 0.65 0.65 0.65 0.65 0.65
QarghAbad 0.56 0.56 0.56 0.56 0.56 0.56 0.56
Farmahin 0.67 0.67 0.67 0.67 0.67 0.67 0.67
Komeijan 1 1 1 1 1 1 1
Mamooniyeh 1 1 1 1 1 1 1
Mahallat 1 1 1 1 1 1 1
Naragh 1 1 1 1 1 1 1
Nobaran 0.61 0.61 0.61 0.61 0.61 0.61 0.61
Parandak 0.89 0.89 0.89 0.89 0.89 0.89 0.89

Source: Research calculations
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Fig. 1. Efficiency range average of urban water and wastewater companies in Markazi province
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Table 4. Distribution of efficiency scores at different a-cuts

a-cuts
Efficiency Lower bound Upper bound

range
(L) Uo.2 Qo4 Q.6 Uo.8 (U] (L) Uo.2 Qo4 Q.6 Uo.8 (U]
0<0.5 5 5 2 1 ; - - - - _ _ _
0.5<60<0.6 2 1 3 4 3 1 1 1 1 1 1 1
0.6< 6 <0.7 10 2 1 1 2 4 4 4 4 4 4 4
0.7<6<0.8 - 9 11 2 1 1 1 1 1 1 1 1
0.8<6<0.9 - - - 9 2 1 1 1 1 1 1 1
0.9<0 <1 - - - - 9 2 2 2 2 2 2 2
0-=1 - - - - - 8 8 8 8 8 8 8

Source: Research data
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Table 5. Average real and optimal values of inputs at the average of different a-cuts

Labor Capital inventory Operating costs
Lower bound
Actual 39 243E+6 1027E+6
consumption
Optimal 15 110E+6 910E+6
consumption
Variation 61 55 11
percentage
Upper bound
susimal 39 243E+6 1027E+6
consumption
Optimal 17 130E+6 940E-+6
consumption
Variation 56 46 8
percentage

Source: Research data
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