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Wastewater treatment plants are one of the main infrastructures of
every city. Apart from considering the topography, society and type of
wastewater, it is essential to establish them in an appropriate site
considering the main criteria. This study aimed to find the optimal
location of the wastewater treatment plant for a case study in
Kermanshah Province, and for this purpose, a two-step decision-
making approach was proposed. Using this approach, effective
quantitative and qualitative criteria were considered for the
evaluation of locations. In the first stage, DEA was used to select high-
efficiency locations based on various measurable criteria. In the
second stage, these potential places were evaluated in terms of
qualitative criteria, including technical, economic, environmental and
social factors. For this evaluation, gray AHP were used for criteria
weighting, and gray TOPSIS ranked the locations. The results showed
that in the process of selecting the optimal potential location for the
establishment of a wastewater treatment plant, the factors of support
mechanisms with a weight of 0.179, transmission grid accessibility
with a weight of 0.168, proximity to residential areas with a weight of
0.129, and government policies and laws with a weight of 0.101 were
the most important criteria. The final ranking identified three cities of
Sarmast, Kermanshah, and Tazehabad as the most suitable locations
for establishing wastewater treatment plants. Their degree of
possibility values were 0.697, 0.820, and 0.913, respectively,
indicating their strong potential for this purpose.
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EXTENDED ABSTRACT

Introduction

Urban wastewater systems are one of the most important infrastructures that have a
direct relationship with people's health and the prevention of environmental pollution. In
other words, the correct management of water and wastewater resources in any country
or region is one of the indicators and factors that lead to improving the health of society.
Diseases such as infectious hepatitis, diarrhoea, intestinal parasites, and other diseases
caused by environmental pollution are caused by improper wastewater disposal
Therefore, it is necessary to improve the environment in various areas by creating the
required facilities for collecting and treating urban and industrial wastewater, as part of
health and environmental protection strategies, as well as the economic use of existing
resources. However,; different facilities and processes are needed to treat all types of
wastewaters. One of the basic requirements of recycling is to determine the desirable
place to build a wastewater treatment plant. As a result, the first step in establishing a
wastewater treatment plant is to find suitable locations to build on, which reveals the
necessity of conducting the present study. Considering the unusual increase in water
consumption, limitations of regional complications, territorial restrictions, and the law on
the necessity of using industries from wastewater treatment plants, the necessity of
implementing a suitable and economic plan, as well as the optimal locating of wastewater
treatment plants in Kermanshah Province has become very important.

Methodology

One of the innovations of this study was to conduct a comprehensive and systematic
investigation on the problem of locating the wastewater treatment plant in Kermanshah
Province, which has never been reported in the existing literature. In addition, the
indicators selected for this issue were measurable and non-measurable, complete and
comprehensive in examining the various aspects of determining suitable fields for
sustainable development. Another innovation included the first combination of DEA, AHP,
TOPSIS, and Gray Theory, which has been identified as a suitable and effective approach
for location. This study used a two-stage framework for the optimal location of the
wastewater treatment plant. In this regard, in the first stage, the DEA method filtered the
locations of wastewater treatment plants based on the best performance in four
measurable dimensions. In the second step, the remaining potential locations were
further analyzed and ranked using the gray AHP and gray TOPSIS methods, according to
the intangible indicators that require qualitative evaluation.

Results and discussion

In the first stage of the research process with the additive DEA model, a total of 12
cities in Kermanshah Province were considered as decision-making units or potential
locations for the establishment of wastewater treatment plants. The data sets of input and
output factors in each of the 12 cities were collected by interviewing experts and referring
to the 2022 Statistical Yearbook of water and sewage companies, as presented in Table 1.
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Table 1. Input and output data used in the additive model of DEA.

Location Inputs Outputs Efficiency Score
Inputy Input Outputy Outputz
Kermanshah 67000 225 60000 703225 1.000
Islamabad 14000 194 17300 88989 1.000
Ravansar 5600 221 4471 19748 0.339
Tezehabad 1820 128 2727 16990 1.000
Srmast 711 109 267 2914 1.000
Sahneh 6400 175 5898 20251 0.345
Songor 7400 152 7407 44443 0.607
Kerend 2200 148 1270 7211 0.327
Gilan 3400 351 3400 19908 0.474
Paveh 1728 247 3000 27344 1.000
Qasreshirin 2250 218 2200 16975 0.574
Sarpol 7400 174 7200 42109 0.566

After using the additive DEA model, the obtained efficiency scores of each of the
potential locations of 12 wastewater treatment plants were determined. From the results,
it was observed that a total of five potential locations obtained a full efficiency score equal
to one: Kermanshah, Islamabad, Tazehabad, Sarmast, and Paveh. These five potential
locations were considered for the establishment of the sewage treatment plant and were
further evaluated in the second stage of the research method by applying the decision-
making approach based on gray theory.

The gray AHP method was used to measure the gray weight of the relative priority of
each index. In general, in this section, four main criteria, including technical, economic,
environmental and social factors, were considered, each of which was divided into three
sub-criteria. In this way, technical, economic, environmental, and social criteria were
given weights of 0.123, 0.383, 0.420, and 0.073, respectively, and the environmental
criteria were recognized as the most important. The gray TOPSIS method was used to
describe the performance ranking of five potential locations for the establishment of a
sewage treatment plant including Kermanshah, Islamabad, Tazehabad, Sarmast, and
Paveh. To rank the potential locations, the options were ranked in ascending order based
on the gray possibility degree, and the option with the lowest degree was selected as the
top option. As a result, the potential locations of Sarmast, Kermanshah,Tazehabad,
Islamabad, and Paveh wastewater treatment plants were ranked first to fifth, in the order
mentioned.

Conclusion

The most important results and achievements of this study are as follows:

1- The potential for establishing wastewater treatment plants in ten cities of
Kermanshah province was investigated. This was based on various quantitative and
qualitative factors. The optimal locations for the establishment of wastewater
treatment plants were successfully determined using a combined approach of DEA,
gray AHP, and gray TOPSIS models.

2- In the process of selecting the potentially optimal location for the establishment of a

wastewater treatment plant, the factors of "support mechanisms”, "access to the
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transmission network"”, "proximity to residential areas” and "rules and policies of the
government” were recognized as the most important indicators.

In the final ranking, it was found that the three cities of "Sarmest", "Kermanshah" and
"Tazehabad" are the most optimal potential locations for the establishment of
wastewater treatment plants.

This study provided a decision support tool useful for policymakers and decision-
makers regarding the planning strategies of wastewater treatment plants or any
other renewable energy project.
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