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Utilizing the solar energy from photovoltaic panels integrated into a water pumping system
to provide electricity for dispersed villages that have no access to backup systems not only
reduces the electricity grid costs and environmental pollutants but also is an innovative
approach in areas with sufficient solar irradiation. Therefore, identifying and studying the
feasibility of stand-alone solar power plants in various locations is the first step in using this
reliable source of energy. For this reason, 93 sites in the provinces of Razavi Khorasan,
Northern Khorasan, and Southern Khorasan, Iran, were chosen by the renewable energy
organization engineers as regions with high potential for establishing a solar water
pumping station. The goals of this research were to prioritize the 93 sites and find the
perfect location for the establishment of the aforementioned station. In order to investigate
and prioritize these sites, a multi-criteria decision-making method, namely, TOPSIS
(technique for order preference by similarity to ideal solution), has been used.
Therefore, the geographical locations of the sites and the weather in these provinces
have been studied; consequently, 15 important and essential criteria, including slope, solar
irradiation, precipitation, wind speed, relative humidity, altitude, distance from substation,
distance from grid, obtainable solar energy capacity, distance from river, population,
distance from city center, distance from road, average temperature, and number of dams
in the vicinity of the site, have been chosen. All the aforementioned criteria have been
weighted using the Shannon entropy method, and then the sites have been prioritized
using the TOPSIS method. The results indicated that Sarayan, Isk, Esfadan, and Dasht
Byaz in Southern Khorasan and then Beydokht 2 in Razavi Khorasan are the top five
locations and Shosef in Southern Khorasan is the least favorite location for establishing a
solar pumping station. In order to achieve more reliable results, sensitivity analysis was
implemented.

Keywords: obtainable solar energy capacity, solar pumping system, multi-criteria decision-making method,
feasibility study, TOPSIS
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1 INTRODUCTION

Electricity is the most important form of used energy in the
contemporary world (Modu et al., 2018). Due to the increment of
population in developed countries and in developing ones, the
global energy consumption is continuously increasing (Zhang
et al., 2018). The important role of energy in the day-to-day
activities of man cannot be neglected, and the scarcity of these
resources has forced societies to change their consumption
patterns, and behavior in utilizing energy and governments to
search for new ways to save energy, reduce its ever increasing
costs, and utilize alternative renewable energies (Yiicenur et al.,
2020). The price increment of fossil fuels, environmental
considerations, energy supply security, petrochemical utilities,
technological developments, and economic justifications are
among the determining factors of the future of renewable
energy resources (Das et al., 2017; Zhang et al., 2019a; Zhang
et al, 2019b). Therefore, providing strategic management
programs with the purpose of recognizing provincial and
national potentials for renewable energies and existing
industries is a necessity. Regarding the preparations of the
infrastructure and the initial strategic decisions in the field of
energy, the required steps include primary studies, analyses,
decision-making, and operational stages in achieving energy
security, obtaining reliable energy resources, reducing
environmental harms, and, finally, a sustainable society.

Researchers have studied various renewable energy resources
and different hybrid energy systems (Tong et al., 2016; Peng et al.,
2021; Zhang et al,, 2021). At present, solar energy is one of the
cleanest and most attainable resources fulfilling the global energy
demand as a renewable resource (Guezgouz et al, 2019a).
Utilizing solar energy as a cheap resource in the agricultural
sector is an innovative approach, and this rich energy resource
can be utilized in greenhouses and agricultural machines and in
mechanisms to reduce the problems stemming from fossil fuels
(Nazari et al., 2018). Using this energy resource in countries such
as Iran, which is located on the solar belt, is a viable option
(Jamshidi and Askarzadeh, 2019).

To incentivize the financiers in the field of solar energy, the
Ministry of Energy of Iran offers a higher price for the generated
solar electricity. The government can propose plans to further the
privatization of solar energy enterprises and even convert the
energy resources of government buildings from fossil fuels to
solar resources. It is the duty of governments to amass primary
data and evaluate the potential of energy resources and the
capability of a nation to utilize these resources because these
strategic studies require considerable funding and can be utilized
as a leverage in policy-making and managing private investors.

The agricultural development of a region requires water
transmission, which is directly tied to the establishment of an
energy system (Wang and Lyu, 2021). Establishing a photovoltaic
(PV) power plant for pumping water is a viable method for
utilizing solar energy (Zhang et al., 2019¢). A solar pumping
system usually consists of solar modules, a pumping system, a
reservoir tank, and an inverter. Solar panels absorb solar
irradiation and directly convert it into electricity. The inverter
converts the output electricity from the solar panel into the
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electricity required to start the pump, and when the energy
supply is greater than its demand, this residual energy is used
to pump water to a reservoir with high gravitational potential
energy (Evans et al,, 2012; Chandel et al., 2015). One of the
effective features of the economic analysis of combined systems is
the ability to utilize the residual energy for other purposes. Solar
pumping systems are among the cheapest solutions for irrigation
in regions that have no access to an electricity grid or where it is
difficult or expensive to supply electricity through a grid
(Guezgouz et al., 2019b). The aim of this article was to study
the feasibility of a PV pumping system via a multi-criteria
decision-making (MCDM) method, namely, TOPSIS
(technique for order preference by similarity to ideal solution),
and the end goal of the MCDM method is to prioritize the
candidates using different criteria (Babatunde et al., 2019).

1.1 Literature Review

Maleki et al. (2016) provided a model for the optimal
electrification of a far-flung area in Namin, Ardabil Province,
Iran, in accordance with minimal costs and maximal efficiency of
the power supply. The results indicated that PV systems, wind
turbines, and fuel cells were the more cost-effective options to
supply electricity. The results of Peng et al. (2018) indicated that
combined optimization methods offered the best performance,
which led to reduced costs and increased reliability of the system
and also provided desalinated water. Ma et al. (2014) conducted
an accurate feasibility study of a solar wind energy system
combined with battery storage for an island. Additionally, the
effects of the size of solar panels and wind turbine on the
economic performance and reliability of the system had been
studied via HOMER (Hybrid Optimization of Multiple Energy
Resources) software. Shezan et al. (2016) simulated a combined
solar wind off-grid system for a remote village located in Selangor
Province, Malaysia. Maleki et al. (2017) performed a case study in
the Eastern region of Iran to discover the best location for an off-
grid PV system in remote rural areas considering technical,
environmental, and economic criteria using an artificial bee
swarm algorithm. Their results approved the utility of the
aforementioned method for off-grid electricity in remote
villages. There are several research works covering this subject,
which are provided in Table 1.

As is obvious from Table 1 regarding the methods chosen for
decision-making, researchers have provided various novel
methods to further improve the accuracy of the decision-
making process (Demirel et al, 2018; Deveci et al, 2020;
Deveci et al.,, 2021; Krishankumar et al.,, 2021). In a study to
find the perfect location for a bread factory in Istanbul, a
framework based on geographic information system (GIS) and
MCDM methods was introduced (Deveci et al., 2018). In other
research works on finding the perfect access mode to the newly
constructed Istanbul Airport, a novel fuzzy level-based weight
assessment/weighted aggregated sum product assessment/
Heronian (LBWA-WASPAS-H) decision-making model was
provided by Pamucar et al. (2020). In the same framework,
Shahraki Shahdabadi et al. (2021) utilized an MCDM method
to locate the site of a biomass-powered electricity generation
system in a vast region. They implemented TOPSIS, ELECTRE
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TABLE 1 | Review of related literature
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Goals

Analyzing various forms of renewable energies
and their rank in Taiwan

A thermal power plant and three renewable
plants were compared and analytically

Considering economic, financial, technical,
social, and environmental criteria using MCDA
Considering structural, environmental, and
topographical criteria and related sub-criteria
for selecting the perfect location

Identification of the ideal site for a solar and
wind farm in the provincial scale in southern
parts of Thailand

A multi-criteria model based on GIS for
selecting alocation for a wind farm using fuzzy
AHP in Nigeria

Identifying locations with underground water

Finding the best location for an offshore wind
farm for four sites in Bandar Deylam in the

Choosing the optimal energy storage system
and assessing battery energy storage

Choosing the perfect location for solar and

Assessing the placement of the optimal

Author(s) Year published Studied Method
and reference location

Lee and Chang 2018 Taiwan Fuzzy

Lee and Chang (2018) WSM

TOPSIS
ELECTRE

BuyUkdzkan and 2017 Turkey AHP
Karabulut BuyUkdzkan and VIKOR

Karabulut, (2017) ranked.
Neves et al. 2108 Portugal ELECTRE

Neves et al. (2018)
Moradi et al. 2020 Iran AHP

Moradi et al. (2020)
Ali et al. 2019 Thailand AHP

Ali et al. (2019)
Ayodele et al. 2018 Nigeria AHP

Ayodele et al. (2018)
Machiwal et al. 2011 India MCDM

Machiwal et al. (2011) potential
Fetanat and 2015 Iran ANP
Khorasaninejad Fetanat and ELECTRE

Khorasaninejad, (2015) Persian Gulf
Zhao et al. 2019 China MCDM

Zhao et al. (2019)

systems

Watson and Hudson 2015 England AHP

Watson and Hudson, wind

(2015)
Séanchez-Lozano 2013 Spain AHP
et al. Sanchez-Lozano et al. TOPSIS

(2013)

photovoltaic power plant in Cartagena in
southeastern Spain

Results

Hydropower was the best candidate,
followed by solar, wind, biomass and
geothermal energy.

Considering technology, size, cost, and
environmental concemns, various cases were
investigated. Thermal power plant was
chosen as the best option.

Installing the photovoltaic system in a
municipality park achieved the highest rank.
20% of the studied region is suitable for wind
farm development. The southeastern part of
the province including Karaj and Nazar Abad
had the highest priorities.

Songkhala was the best location for the wind
and solar farm.

The best location for developing wind farms
was in the northern parts of Nigeria.

Four potential underground water
sites—good, average, weak, and very
weak —were identified.

A3 was the best site and A1 was the
alternative for the worst site.

Experimental results indicated that Li ion
batteries are the priority for the micro-grid
project.

The results indicated that following region is
appropriate for a solar farm.

Optimal locations were chosen from the
energy and compliance aspects.

(elimination et choix traduisant la realité), and simple additive
weighting (SAW) to achieve their objective.

According to the numerous research works on solar pumping
systems, there are several criteria in finding the best location for a
solar pumping station required to be considered simultaneously
(Zhangab et al,, 2019). The most important limiting factors for
implementing this technology are the differences in the elevation of
the higher and lower reservoir tanks and the space limitations for
the building of two big tanks (Ibrahim et al., 2008). The main
drawbacks of this system are the high capital cost (Reca et al., 2016)
and the alternating nature of solar energy, especially on cloudy or
rainy days (Muhsen et al., 2017a; Zhangab et al., 2019). On the
other hand, the carbon emissions and final energy costs of PV
systems in remote areas are lower and their longer life span makes
them good options (Muhsen et al., 2017b). If the solar pumping
systems are properly situated, they will be superior alternatives to
the diesel pump stations in far-flung regions (Yu et al,, 2011).

1.2 Objectives and Novelty of the Research
Identifying and studying the feasibility of stand-alone solar power plants
in various locations comprise the primary stage of utilizing solar energy.
For this reason, 93 sites in three of the Eastern and North Eastern

provinces of Iran were chosen by the renewable energy organization
engineers as high-potential sites for establishing a solar-powered water
pumping station (Table 2). The objective of this research was to
prioritize these 93 sites to determine the ultimate location for the
aforementioned station. Therefore, an MCDM method, namely,
TOPSIS, was used. As the name suggests, an MCDM method
requires multiple criteria to prioritize selected locations accordingly.
In this regard, the geographical locations of the sites and the weather in
these provinces have been studied. Consequently, 15 important and
essential criteria, including the slope, solar irradiation, precipitation,
wind speed, relative humidity, altitude, distance from the substation,
distance from the grid, obtainable solar energy capacity, distance from
the river, population, distance from the city center, distance from a road,
average temperature, and the number of dams in the vicinity of the site,
were chosen. All of the aforementioned criteria were weighted using the
Shannon entropy method, and then the sites were prioritized using the
TOPSIS method. Finally, to achieve more reliable results, sensitivity
analysis was performed.

Considering the scarcity of research in the field of combined
systems with more than one power source, such as solar pumping
plants, and the fact that the Eastern provinces of Iran have not
been studied before, the goal of this research was to investigate the
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TABLE 2 | Geographical coordinates of the selected cities

Site name Latitude ('N) Longitude (’E)
Aliabadalo 37.00076 56.490,297
Babaaman 37.5113 57.4915
Garme 37.0277 56.232,247
Ghanatkenar 37.07845 56.09975
Sefidabe 31.09912 58.6681
Shosef 31.8822 59.99756
Chaderaz 32.02159 59.83668
Tighdare 32.11903 59.821,357
Ebrahimi 32.27941 59.81619
Momenabad 32.42662 590.82844
Shahraksanati 32.60905 59.833,003
Asadie 32.89148 60.009127
Nasraaldin 32.92001 60.22199
Pedran 32.62784 59.71471
Nofrest 32.74395 59.50111
Mood 32.68878 59.51512
Khosef 32.80677 58.93808
Sivjan 32.84767 59.02281
Shokatabad 32.83021 59.30089
Kalatevagdi 32.9543 59.31379
Erinshahr 33.35079 59.205
Rom 33.44946 59.17808
Hajiabad 33.62463 59.97889
Khatibi 33.59446 59.85574
Esfadan 33.67135 59.69111
Shahraksindar 33.74308 59.55338
Garmab 33.9459 59.63757
Ghayan 33.66739 59.19323
Hashemie 33.65971 58.789,245
Sarayan 33.82674 58.53463
Isk 33.8716 58.46733
Sarand 33.89948 58.33178
Bostsgh 33.72947 58.58419
Dashtbyaz 33.87673 59.09638
Dyhik 57.53285 33.35058
Razavie 57.52043 33.323,063
Shahzadeali 57.52043 33.43397
lafahak 57.47166 33.43397
Marghom 56.81777 33.12897
Karit 56.92601 33.4837
Dashtghoran 56.88002 33.49963
fahalang 56.73753 33.40061
khosroabad 57.02116 33.59519
Tabas 56.96604 33.64165
Amirabad 56.9464 34.08003
Eshgh abad 56.92527 34.25367

most relevant and effective criteria in finding the optimal location
for a solar pumping plant in three provinces in the east of Iran:
Razavi Khorasan, Southern Khorasan, and Northern Khorasan.
In this research, 15 essential criteria and parameters for a PV
pumping plant have been considered for the 93 sites chosen by
the engineers of the Renewable Energy and Energy Efficiency
Organization of Iran (SATBA). The main difference between this
research and others is that the potential of the cities in these
provinces have not been investigated separately and in
combination via TOPSIS and the perfect location has not been
chosen. Furthermore, previous works did not include sensitivity
analysis as extensively as provided in this research, and their
criteria were not thoroughly assessed.

Emplacement of the Photovoltaic Water Pumping System

Site name Latitude ('N) Longitude (’E)
Sabzevar 36.148,810 57.6653
Kosar 34.37779 58.78799
Mahne 34.94951 58.899,372
Mashhadriz 34.45875 60.24714
Sakgant 34.45875 60.24714
Beydokhot 34.33446 58.74297
Shahr Jangal 34.71716 59.20324
Sardagh 34.79341 58.13066
Zargari 34.93716 59.70061
Naman 36.11223 57.38454
Naman2 36.1404 57.42336
Sangbast 2 35.99908 59.79159
Beydokht2 34.31548 58.76877
Hajiabad 34.45229 58.82151
Shahr Jangal2 34.68324 59.21748
Abnie 35.01918 59.558,138
Zarghari 34.94421 59.715652
Ghomi 34.72102 60.85843
Taybad 34.66163 60.62896
Hajabad 34.45229 58.82151
Mohsen abad 34.94233 60.79874
Sardab 34.87889 60.78767
Abasabad 2 34.94388 60.76235
Abasabad3 34.96024 60.76681
Ghoshazim1 36.32218 60.89928
Gonbadli 36.37536 60.79783
Ghoshazim2 36.33125 60.90066
Aliabadkeshmir 35.271563 58.14329
Koharsang 35.3149 58.09812
Nasrabad 35.27243 58.18533
Ebrahimabad 35.228 57.90885
Seyfabad 35.20461 57.99601
Ebrahimabad?2 35.24554 57.92736
Zarmehr 35.24554 57.92736
Chelhesar 37.05294 57.41112
Ghasemkhan 36.88868 57.39668
Safiabad 36.59678 57.94781
Shirvan 37.34176 58.0322
Rezaabad 37.33009 58.08724
Devin 37.32366 58.04918
Faroj 37.30391 58.12492
Chelo 37.36978 57.963,351
Bojnord 37.525 57.28854
Robateshgh 37.2876 56.54252
Jajrom 36.90565 56.41625
Amirabad 36.69031 56.51075
Kalategazi 37.00076 56.4903

Section 2 is dedicated to the region under investigation, the
selection of the criteria and decision options, and investigation of
the selected criteria and decision-making matrix. Section 3 is
dedicated to the methodology, indicating the weight of criteria via
Shannon entropy, and the TOPSIS decision-making model. The
final section includes the results and conclusion.

2 THE STUDY AREA

The main source of the supply of electricity through PV panels is
solar irradiation. According to the SATBA, Razavi Khorasan,
Northern Khorasan, and Southern Khorasan have approximately
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TABLE 3 | Positivity or negativity of the criteria

Number Criteria Type
1 Distance from the grid line -
2 Slope -
3 Altitude +
4 Distance from the city center +
5 Solar irradiation +
6 Obtainable solar energy Capacity +
7 Distance from the road -
8 Distance from the substation -
9 Distance from the river +
10 No. of dams in the vicinity +
11 Relative humidity -
12 Wind speed -
13 Temperature -
14 Rainfall _
15 Population +

300 sunny days each year, which indicates the high potential of
solar energy in these regions (SATBA, 2021). Agricultural,
industrial, and public demand for water has always been an
issue in society, especially in rural regions. Most of the cities in the
study area have access to underground water reservoirs, which
require pumps to extract water. In desert or mountainous regions
of the study area, which have difficulty accessing the electricity
grid, extracting water from deep underground water reservoirs
using solar pumping systems appears like a viable option.
Therefore, establishing a solar power plant according to the

Emplacement of the Photovoltaic Water Pumping System

geographical location and weather in these regions will be
beneficial.

2.1 Selecting the Decision Options

The investigated options in this research were three provinces
located in the east and northeast of Iran, namely, Razavi
Khorasan, Northern Khorasan, and Southern Khorasan.
Figure 1 depicts the solar atlas of Iran and the location of the
three aforementioned provinces.

2.2 Criterion Selection
The primary stage of an MCDM method includes the selection of
effective criteria (Kereush et al.,, 2017; Liu et al.,, 2017). In this
article, the effective criteria in prioritizing the cities of the
aforementioned provinces have been chosen according to the
criteria governing solar pumping plants and various case studies.

The effective criteria in prioritizing the sites were chosen
according to the effective criteria for establishing a solar-powered
pumping station. Some data for these criteria, including solar
irradiation, obtainable solar energy capacity, distance from roads,
slope, distance from the substation, distance from the grid, end-user
type, and accurate coordination of the site, were obtained from the
SATBA website. The aforementioned data corresponded to the
timeline from March 2020 to March 2021 (solar year 1399). The
rest of the data were collected from weather sites and from articles
and conferences.

The outcome of this research was based on data gathered from
maps and atlases on energy efficiency, energy supply and
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FIGURE 1 | Solar atlas of Iran and the locations of the provinces of Razavi Knorasan, Northern Khorasan, and Southern Khorasan .
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FIGURE 2 | Selected criteria to assess the potential for establishing a solar pumping plant in various regions.

demand, utilizing Google Map software. Then, all of the
aforementioned data were combined, examined, and
prioritized according to the electricity grid of Iran, related field
data, and provincial water and wastewater corporation data,
creating an integrated map. Figure 2 shows the selected
criteria for assessing the potential for establishing a solar
pumping plant in various regions and Table 3 indicates the
positive and negative criteria.

2.3 Investigating the Criteria

Precipitation: Rainfall has advert effects on PV panels, such as
technical issues or a reduction in the effective area of panels
caused by dirt. Additionally, high humidity affects the absorption
or reflection of solar radiation, reducing the incident solar
irradiation. Consequently, high precipitation impedes the
operation of the solar panels and is considered a negative
criterion (Muhsen et al., 2017b).

Altitude: Installing solar panels in regions with higher
elevation increases the absorption of the solar panels due to
the leaner atmosphere. In addition, the lower temperature in
higher regions has a positive impact on the performance of PV
panels. It must be taken into consideration that installing solar
cells in highly elevated locations increases the costs and might be
considered as a negative factor (Ngan and Tan, 2012).

Slope: The slope of the ground has a major impact on the
installation site of solar cells. Slope is directly relative to the cost of
the solar plant; therefore, higher slopes translate into greater costs

in the construction and structure of solar panels. The optimal
slope for installing solar panels from an economic point of view is
0-3. Solar plants installed on ground with a higher inclination are
more susceptible to earthquakes as well (Horner and Clark, 2013).

Average annual temperature: Considering the effect of
temperature on the process of choosing the proper location for
the installation of solar panels will lead to a more cost-effective
system with higher performance. This is due to the inverse relation
between the temperature and the performance of solar panels.
Furthermore, extremely high or low temperatures have adverse
effects on the performance of a solar plant (Suresh et al., 2018).

Distance from the road: Access to roads facilitates the
transportation of human resources and equipment. Therefore,
distance from roads plays a major role in establishing power plants.

Distance from the grid line: Electricity transmission is one of
the main elements of any power generation system. As the
distance from the grid increases, so do the electrical resistance
and the cost of transmission. Therefore, the ultimate location for
a power plant is within the vicinity of the grid.

Distance from the substation: A substation is a place where the
transmission equipment are installed and where voltage
conversion occurs. Farther distance from a substation results
in more wasted energy, reduced efficiency, and increased costs. In
addition, the electromagnetic radiation emitted from substations
can threaten the health of those who live nearby.

Relative humidity: High humidity leads to the oxidization of
equipment and reduces the life span of the system (Suresh et al.,
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Wind
speed

3.83
3.93
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4.54
4.54
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4.36
4.36
4.36
3.83
3.83

3.93
3.93
3.49
3.49
4.36
4.58
4.58
4.58
4.58
4.58
4.58
4.58
3.9
3.9
3.9
4.1
4.1
41
41
4.1
41
41
2.3
2.3
2.3
217
217
217
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4.6
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4.74
7.42
18.2
34.61
25.22
4.95
51.99
71.42
35.7
60.89
26.24
29.57
26.71
53.34
50.55
47.8
36.5
25.42
42.22
14.55
29.07
26.83
31.87
34.01
49.01
60.41
51.11
451
40.5
49.31
26.7
34.1
33.12
27.15
22
8.06
35.01
29.01
21.01
20.17
18.9
11
23
31.7
8.01
29.01
16.01
19.2

Population

282,049
88,753
81,874
12,443
12,443
12,443
88,753
14,360

224,626

282,049

282,049
69,640

5,501
88,753
88,753
88,753

224,646

224,626

117,564
88,753

224,626

117,564

117,564

117,564
42,179
42,179
42,179

5,423

5,423

5,423

6,712

6,712

6,714

7,612
60,327
60,327
60,327
88,254
88,254
88,254
18,131
18,131

199,791
18,458
18,458
18,458
18,458
18,458

Rainfall

191.5
1714
180.1
181
170.2
144
262.3
195.5
188.2
180.1
180.5
240.4
139
200.1
139
179
259.1
181
180
179
170.2
170.2
261.2
261.2
188
190
188
190.5
170
179
175
170
171
169
2135
2135
222.2
301.4
300.4
301.4
287.7
277.8
283.8
216.7
2157
216.7
217.8
213.2

Distance
from
the city
center

6.39
9.24
6.04
16.08
13.54
2.44
48.23
26.34
7.82
27.6
22.44
27.32
5.98
19.92
59.95
23
7.89
24.73
15.49
14.6
23.53
14.88
23.35
20.35
27.87
34.86
29.59
14.91
13
16.22
6.6
33.77
6.61
4.37
7.9
20.4
64.45
10.51
16.7
13.8
1.6
12
7.8
38
25.8
31.1
11.3
16.1

Altitude

977.6
1,020.1
940
1,063
950.4
1,066
1,450.8
1,166
998
871
869
1,104
1,068
1,166
1,056
998
1,450.8
758
832
730
932
950.4
1,450.8
1,440
300
396
371
1,100.1
980
975
970
940
930
970
1,235
1,200
1,244
1,094
1,034
1,008
1,181
1,134
1,071
1,099
1,088
1,076
1,055
1,071

Relative
humidity

40
46
39
40
46
40
45
40
40
40
40
54
39
40
39
40
45
39
39
38
46
46
45
45
50
50
50
40
40
36
40
38
40
38
54
54
54
59
59
59
55
55
60
58
58
58
58
58

Temperature

174
174
17.8
17.8
26
17.86
14.6
17.86
17.8
174
174
16.7
16.9
17.2
17.5
17.8
14.6
16.6
16.5
15.9
16.7
15.7
14.6
14.6
18.08
18.08
17.99
17.86
17.54
17.9
18
181
17.9
16.2
19
201
19.7
16.2
16.3
15.7
13.7
16.9
23
23.2
22.7
23.3
21.7
222

Obtainable
solar
energy
capacity

150
150
116.5
150
150
85
150
150.5
75
150
150
30
150
92.5
150
50
150
150
150
150
150
150
150
150
150
85
150
150
150
150
135
150
56.5
133
30
150
30
45
35
18.5
100
15
60
150
150
150
150
150

Solar
irradiation

1,400
1,700
1,750
1,650
1,600
1,650
1,700
1,470
1,700
1,470
1,570
1,600
1,650
1,700
1,700
1,700
1,650
1,650
1,650
1,550
1,600
1,600
1,600
1,600
1,400
1,350
1,400
1,700
1,650
1,670
1,600
1,670
1,600
1,800
1,700
1,600
1,500
1,600
1,500
1,500
1,500
1,500
1,500
1,500
1,600
1,600
1,600
1,500

Distance
from
the road

0.02

0.15
150

Slope

1.00
1.40
1.15
0.70
1.20
210
1.20
1.00
1.40
0.55
1.00
1.70
1.85
1.00
1.90
1.80
1.40
1.70
0.95
0.95
0.45
0.75
0.85
0.55
0.50
0.65
0.55
0.90
0.90
1.06
1.25
1.45
1.60
1.60
3.10
1.90
0.80
1.60
0.30
1.70
0.90
1.90
2.80
0.90
1.00
1.20
2.00
1.70

Distance
from
the
substation

3.9
7.3
32.7
54
100
0.9
1.6
0.8
5.4
37
24
62

88

9.7
5.4
5.4
3.3

37
12
19
24
22.6
23.6

Distance
from
the grid
line

0.11

50

o

200
500

o

300
0
0

200
0

Criterion

Sabzevar
Kosar
Mahne
Mashhadriz
Sakgan1
Beydokhot
Shahr Jangal
Sardagh
Zargari
Naman
Naman2
Sangbast 2
Beydokht2
Hajiabad
Shahr Jangal2
Abnie
Zarghari
Ghomi
Taybad
Hajabad
Mohsen abad
Sardab
Abasabad 2
Abasabad3
Ghoshazim1
Gonbadli
Ghoshazim2
Aliabadkeshmir
Koharsang
Nasrabad
Ebrahimabad
Seyfabad
Ebrahimabad2
Zarmehr
Chelhesar
Ghasemkhan
Safiabad
Shirvan
Rezaabad
Devin

Faroj

Chelo
Bojnord
Robateshgh
Jajrom
Amirabad
Kalategazi
Aliabadalo

(Continued on following page)
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TABLE 4 | (Continued) Decision-making matrix

Wind No. Distance Population
speed of from

dams the river

in the

vicinity
2.2 2 12.72 199,791
4.6 2 13.11 18,458
4.6 2 1.2 18,458
2.9 2 23 18,304
2.9 2 5.78 18,304
2.9 2 11.46 18,304
2.9 2 23 18,304
3.94 2 20.85 8,715
3.94 2 25.85 8,715
3.94 2 23 8,715
3.94 2 23 8,715
3.94 2 98.24 8,715
3.94 2 62.32 8,715
3.02 15 80.1 203,636
3.94 2 76.95 8,715
3.02 15 106.2 203,636
3.02 15 102 203,636
3.02 15 82.1 203,636
3.02 15 30.62 203,636
2.49 9 32.7 42,322
2.49 9 26.99 42,322
2.49 9 4.76 42,322
2.49 9 5 42,322
2.49 9 26.23 42,322
2.49 9 13.42 42,322
2.49 9 272 42,322
2.49 9 8.96 42,322
249 9 23 42,322
3.39 8 2.9 28,695
3.39 8 6.9 28,695
3.39 8 201 28,695
3.39 8 13.1 28,695
2.49 9 2.83 42,322
3.39 1 212.4 69,658
3.39 1 24 69,658
3.39 1 158.1 69,658
3.39 1 184.1 69,658
3.39 1 225.2 69,658
3.39 1 55.2 69,658
3.39 1 38.12 69,658
3.39 1 42.21 69,658
3.39 1 12.57 59,658
3.39 1 14.89 69,658
3.39 1 30 39,676
3.39 1 50.79 39,676

Rainfall

283.8
212.9
215.9
85.3
84.2
85.7
83.9
91.2
91.1
91.2
92.7
93.3
93.3
167.9
166.9
167.9
169.9
1561.9
162.9
181.5
180.5
179.9
180.1
180.9
179.9
179.9
179.9
169.9
134.7
133.9
132.9
140.7
181.5
97.4
80.2
97.4
87.2
89.9
79.2
79.9
80.2
79.9
79.9
97.4
97.4

Distance

from

the city
center

16.9
17.2
24.7
47
40
59
27
28.8
16.1
17.9
26.8
55
1.4
25
30.7
29.12
20.14
7.8
12.23
38.1
25.6
701
63.2
43.7
33.3
42.2
4.95
19.7
34.4
27.2
18.7
50.1
191
65.1
47.7
50
32.34
57.31
12.57
121
251
6.88
6.11
50.1
64

Altitude

1,071
1,099
1,059
1,211
1,234
1,237
1,287
999
987
968
957
948
978
1,491
991
1,491
1,499
1,456
1,478
1,432
1,466
1,429
1,432
1,481
1,466
1,456
1,423
1,432
1,234
1,278
1,288
1,293
1,432
734
756
778
745
789
723
734
713
712
711
855
823

Relative
humidity

60
60
58
30
30
30
30
32
32
32
32
36
36
36
36
36
31
31
31
31
31
31
31
31
31
35
35
35
35
35
35
35
31
34
34
34
34
34
34
34
34
34
34
32
32

Temperature

16.5

225

23.2
20
20
20
20
17
17
17
17
17
17
17
17
17
17
17
17
14
14
14
14
14
14
14
14
14
18
18
18
18
14
18
18
18
18
18
18
18
18
18
18
19
19

Obtainable
solar
energy
capacity

10
150
150
150
150
150
150
100
100
100
115
75
150
150
35
150
150
100
100
50
50
150
150
1560
100
150
100
150
115
150
125
150
150
150
120
100
150
1560
75
150
150
150
150
150
125

Solar

irradiation

1,600
1,700
1,700
1,800
1,800
1,800
1,800
1,850
1,850
1,850
1,850
1,850
1,850
1,850
1,850
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,750
1,800
1,750
1,750
1,600
1,500
1,450
1,600
1,700
1,700
1,700
1,650

Distance
from
the road

0.18

0.2

0.15
0.1

0.4

0.3
0.16
0.14

0.2
0.15
0.25
0.13

0.8
0.5
0.1
0.2
0.2
0.3

0.2
0.3
0.7
0.6
0.15

Slope

6.00
1.20
1.90
0.10
0.60
0.60
0.60
2.30
1.20
1.70
1.10
3.30
2.80
2.40
1.50
0.60
2.10
3.70
210
1.60
5.60
3.10
0.60
0.70
1.80
1.10
1.10
2.30
2.30
2.00
1.40
0.70
1.10
0.80
0.80
0.30
2.50
0.50
0.90
0.80
0.80
1.30
0.70
0.20
0.60

Distance
from

the

substation

1
100
115

10

48

56

12

20

1.5
1.7
9.5

15
2.8

27
45
28

©

24
50

50

0.8
15
55
14
63
60
54
27
14
14

26
10

30
8.3

Distance

from

the grid

line

Criterion

Babaaman
Garme
Ghanatkenar
Sefidabe
Shosef
Chaderaz
Tighdare
Ebrahimi
Momenabad
Shahraksanati
Asadie
Nasraaldin
Pedran
Nofrest
Mood
Khosef
Sivjan
Shokatabad
Kalatevagdi
Erinshahr
Rom
Hajiabad
Khatibi
Esfadan
Shahraksindar
Garmab
Ghayan
Hashemie
Sarayan

Isk

Sarand
Bostsgh
Dashtbyaz
Dyhik
Razavie
Shahzadeali
Lafahak
Marghom
Karit
Dashtghoran
Fahalang
Khosroabad
Tabas
Amirabad
Eshgh abad
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2018). Vapor and CO, are the most important absorbers of solar
radiation in the atmosphere. Regions with high humidity are not
appropriate for installing a solar power plant.

Population: Highly populated areas have greater service and
energy requirements and, thus, have a higher priority (Padhy
et al.,, 2021).

Distance from the city center: Construction of a power
plant in the vicinity of residential areas has a negative impact
on population growth, so it is better to construct them a safe
distance from the city center. Additionally, to increase
investments, more agricultural lands are required.
Therefore, distance from the city center is an important
criterion for the inhabitants of that region.

Distance from the river: In order to protect the ecological
environment of rivers, lakes, and other water resources, it is
necessary to construct the power plant away from these areas.
Contrary to other power plants, PV plants have the least amount
of pollutants, and according to Bolin’s model, the minimum
distance of a PV plant from the river or lake should be 200 m.
This distance will alleviate any damage to the power plant in the
event of flooding.

Wind speed: The speed of wind can obscure the solar panels
with small particles or clear the surface of solar panels. Wind
might cause damage to the solar plant.

Number of dams in the vicinity: Dams are usually established
where the river’s water is gathered. Dams have negative impacts
on the environment and can disrupt agricultural activities.
Additionally, following the required distance considerations
leads to the safety of the plant in the event of flooding or an
earthquake.

2.4 Decision-Making Matrix

The primary stage in any MCDM method is the formation
of a decision-making matrix. This matrix is created to assess
a number of options considering a number of criteria, and
each option is awarded a point according to a number
of criteria. The decision-making matrix of this study is a
15 x 93 consisting of 15 criteria and 93 options. The 93
options are the sites located in Razavi Khorasan, Northern
Khorasan, and Southern Khorasan, chosen by SATBA
engineers. Table 4 indicates the decision-making matrix for
this research.

The outcome of this research was based on data gathered from
maps and atlases on energy efficiency, energy supply and
demand, utilizing Google Map software. Then, all of the
aforementioned data were combined, examined, and
prioritized according to the electricity grid of Iran, related field
data, and provincial water and wastewater corporation data,
creating an integrated map.

3 METHODOLOGY

Access to computational device and decision-making systems in
recent years has paved the way for more accurate decision-
making and analysis of several quantitative and qualitative
parameters and their effects on each other. An MCDM

Emplacement of the Photovoltaic Water Pumping System

method has been utilized in this study, which is explained in
this section.

3.1 Weighting of Criteria

Knowing the relative weights of the criteria in MCDM
problems is an important step forward and is a
requirement. After creating the non-dimensional criteria, it
is necessary to determine the relative importance of these
criteria. There are various methods for weighting the criteria,
such as linear programming technique for multidimensional
analysis of preferences (LINMAP), least squares, the
eigenvector method, and Shannon entropy. The Shannon
entropy method was utilized in this research.

3.1.1 Shannon Entropy Method for Weighting the
Criteria
The Shannon entropy method is a decision-making method
for calculating the weights of the criteria. This method
requires a criteria—option matrix, which was introduced by
Shannon in 1974. This matrix is indicative of the amount of
uncertainty in a continuous probability distribution. The
main idea of this method is that, if the dispersion of a
criterion is high, that criterion has a high degree of
importance. The steps of this method include calculating
the P, E;, K, and d; and, finally, w; using relations 1-5
(Yunna and Geng, 2014).

Step 1: Calculating Py

a,-j

Pi‘ =< (1)
D aij
Step 2: Calculating the entropy E;
i=1
1
= 3
In (m) ®
Step 3: Calculating the uncertainty d;
Step 4: Calculating the weight w;
d
Wi = @)
g Z j=1 dj

3.2 Decision-Making Models

To prioritize the locations in the three provinces via the 15
aforementioned criteria, the TOPSIS MCDM method was used in
the provided research.

3.2.1 TOPSIS

TOPSIS is one of the MCDM methods that aim to rank choices.
Decision-making with multiple criteria tries to decide the best
option in the presence of various and sometimes opposing
criteria (San Cristobal, 2011). The solution to this method
would mean the design or selection of the best option
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1. Formation of the decision matrix to face

2. Calculate a balanced scale

3. Calculate the positive and negative ideal solutions

4. Calculate the distance of each option to the

positive and negative ideal

5. Calculate the relative proximity i
6. Find the best option

FIGURE 3 | TOPSIS (technique for order preference by similarity to ideal solution) flowchart.

among other options (Yang et al., 2018). In this method, the
concepts of “ideal solution” and “semi-ideal solution” are used.
The ideal solution is the best answer from all aspects, and such a
solution does not exist in reality; the goal is to get as close to it as
possible. In order to measure the similarity of an idea or option
to the ideal solution and the anti-ideal solution, the distances
between that idea or option from the ideal and anti-ideal
solutions are measured. Then, the options are ranked
according to the ratio of the distance from the anti-ideal
solution to the sum of the distances from the ideal and anti-
ideal solutions (Ren and Sovacool, 2015). TOPSIS chooses the
solution with the minimum distance from the best option and
the maximum distance from the worst option as the optimum
option, and therefore its mathematical basis is superior to that
of other decision-making methods (Sadeghzadeh and Salehi,
2011). It is possible to perform the process of decision-making
in the presence of positive, negative, and a combination of
positive and negative criteria. In order to choose the best
option, a vast number of criteria can be considered; other
methods such as the analytic hierarchical process (AHP) and
the analytic network process (ANP) have intrinsic limitations
in this regard (Falqi et al., 2019). Another feature that makes
TOPSIS superior to other methods is that it is a compensational
method, which means that the weights of all of the criteria and
options are considered in the decision-making process and
nothing is neglected. This simple method has an acceptable
response time, and it is a viable candidate for solving the
problem of a vast number of criteria and options (Sengiil
et al., 2015).

Step 1: Forming the decision-making matrix and non-
dimensionalizing it via the norm method

Ny = —b ©)

1] n
2
\ Zi=1 i

Step 2: Calculating the non-dimensionalized weighted matrix
V = N*W ., (7)

Step 3: Calculating the positive and negative ideal solutions

V7, the positive ideal solution, is the vector for the best value of
each criterion in the non-dimensionalized weighted matrix. For
the positive criterion, the highest value is the best and the lowest
value is the worst option.

V7, the negative ideal solution, is the vector for the worst value
of each criterion in the non-dimensionalized weighted matrix.
For the negative criterion, the highest value is the worst and the
lowest value is the best option.

Step 4: Calculating the distance of each option from the
negative and positive ideals

.,m (8)
..,m 9)
Step 5: Calculating the ith relative distance
d;
CL = . 10
Yodi+df (10)

Step 6: Choosing the best option
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Figure 3 displays the TOPSIS flowchart. In this figure, all
the stages of the TOPSIS decision-making have been
illustrated. As can be seen, this method has six steps and is
short and quick.

4 RESULTS

Figure 4 demonstrates the weighted criterion according to the
Shannon entropy method. Information theorem introduces
entropy as an uncertainty criterion that is expressed with a
particular probability distribution. The entropy method can be
used to assess the criterion weights.

The aforementioned method indicates that the higher the
dispersion of a criterion, the more important is the said
criterion. Solar irradiation is almost the same in the provinces
under investigation; therefore, solar irradiation is among the
criteria with low weights.

The results of this research indicated that the distance from
the grid had the greatest weight (equal to 0.29) due to the high
dispersion and the distance from the substation ranking
second, with a weight of 0.23. Additionally, solar
irradiation and relative humidity had the least weights,
equal to 0 and 0.1, respectively.

The TOPSIS method can utilize both the quantitative and
qualitative criteria simultaneously and prioritize the options
as a quantitative outcome. Therefore, all of the criteria have
been weighted and assessed using the TOPSIS method.

Figure 5 depicts the TOPSIS prioritization results. It can
be observed that the percentages of the cities varied from
43.95% to 93.87%. The Sarayan site is located in a perfect spot
in terms of solar irradiation and can easily utilize this energy
to power the solar plant. The other advantages of this site
included the proper distance from the grid, the elevation from
the sea level, and the ideal slope. Figure 6 shows a satellite
image of Sarayan in Southern Khorasan. With an area of
230 ha, the latitude and longitude of this site are 33.826,739°N
and 58.534,629°E, respectively. Most of the areas of this region
are flat lands, with a slope of 2.3% and distance from the road
of 150 m. Grid lines pass through this site, and the distance
from the substation is 5 km. The solar radiation in this region
is 1,800 kWh/kWp, and the obtainable solar capacity is
estimated to be 115 MW. Figure 7 shows an enlarged view
of the top 10 sites, which included Sarayan in Southern
Khorasan, Isk in Southern Khorasan, Esfadan in Southern
Khorasan, Dasht Byaz in Southern Khorasan, Beydokht 2 in
Razavi Khorasan, Shahr Jangal in Razavi Khorasan, Hajabad
in Razavi Khorasan, Erinshahr in Southern Khorasan, Sardab
in Razavi Khorasan, and Garmab in Southern Khorasan, with
values of 93.87%, 93.82%, 93.80%, 93.50%, 93.31%, 92.73%,
92.13%, 91.75%, 91.64%, and 91.55%, respectively. Figure 8
depicts an enlarged view of the bottom 10 sites, Sindar,
Safiabad, Sarand, Momenabad, Hajiabad, Aliabadalo,
Pedran, Seivjan, Ghasemkhan, and Shosef, with values of
75.73%, 73.33%, 71.18%, 70.47%, 65.68%, 63.66%, 63.04%,
63.01%, and 43.95%, respectively.
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FIGURE 5 | Assessment of priority options for establishing a solar plant via the TOPSIS (technique for order preference by similarity to ideal solution) method.
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FIGURE 6 | Top 10 sites for the establishment of a solar plant according to the TOPSIS (technique for order preference by similarity to ideal solution) method.

Loooseestoabesatiacna=l
L =]
v
'

'

'

'

'

'

'
SRR [
'

'

'

'

'

'

'

'
e L ]
'

'

'

'

'

'

'

'

L esesesasscabacasas st
'

'

sesdemedre e Teeea

e | e | S e

City

5 SENSITIVITY ANALYSIS

Assumptions and known values of each technical or economic
model are subject to change and error. Sensitivity analysis
investigates these errors and changes and their effects on the
model. Sensitivity analysis methods can be divided into three

groups: statistical, mathematical, and graphical. In order to
investigate the response of the various criteria on the outcome,
sensitivity analysis was conducted in this article. Investigating the
effect of criterion weight variations on the outcome of the model
is of utmost importance. Henceforth, 30 mods of sensitivity
analysis have been performed on the 15 criteria (Table 5). In
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TABLE 5 | Sensitivity analysis results

Wind
speed

0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/005
0/006

No.
of
dams
in the
vicinity

0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/081
0/0,729
0/0,891
0/081
0/081

Distance
from
the river

0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/0,748
0/06,732
0/08,228
0/0,748
0/0,748
0/0,748
0/0,748

Popul
ation

0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/088
0/0,792
0/0,968
0/088
0/088
0/088
0/088
0/088
0/088

Rain
fall

0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/011
0/013
0/012
0/012
0/012
0/012
0/012
0/012
0/012
0/012

Distance
from
the city
center

0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/03,618
0/04,422
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402
0/0,402

Altitude

0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/00,576
0/00,704
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064
0/0,064

Relative
humidity

0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,044
0/0,054
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049
0/0,049

Tempe
rature

0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/002
0/0,016
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018
0/0,018

Obtainable
solar
energy
capacity

0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/01,341
0/01,639
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149
0/0,149

Solar
irradi
ation

0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/00,054
0/00,066
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006
0/0,006

Distance
from
the road

072,331
0/2,331
0/2,331
0/2,331
0/2,331
072,331
0/2,331
0/20,979
0/25,641
0/2,331
072,331
0/2,331
072,331
0/2,331
0/2,331
0/2,331
0/2,331
0/2,331
072,331
0/2,331
0/2,331
072,331
0/2,331
072,331
0/2,331
0/2,331
072,331
0/2,331
0/2,331
0/2,331
0/2,331

Slope

0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,343
0/0,419
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381
0/0,381

Distance
from
the
substation

0/1,064
0/1,064
071,064
0/09,576
0/11,704
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
071,064
0/1,064
071,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064
0/1,064

Distance
from
the grid
line

0/2,929
0/32,219
0/26,361

0/2,929

072,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

072,929

0/2,929

072,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

0/2,929

Crite
rion

Weight
ct
c2
c3
c4
c5
c6
c7
c8
c9

c10
cli
c12
c13
cl4
c15
c16
cl7
c18
c19
c20
c21
c22
c23
c24
c25
c26
ca27
c28
c29
c30
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FIGURE 8 | Satellite image of Sarayan in Southern Khorasan.

the first mod, the weight of criterion 1 was increased by 10%, and
then in the second mod, the first criterion was subjected to a 10%
weight reduction. The same process was applied to criteria 2-15.
Consequently, 30 mods for sensitivity analysis were produced for
the 15 aforementioned criteria, and the effect of each one was
investigated. The results of the sensitivity analysis indicated that,
out of the 30 mods, Sarayan in Southern Khorasan came out on
top in 28 of them, closely followed by Isk in the same province
with a 0.05% margin. On the other hand, Shosef, located in
Southern Khorasan, was the worst option among all 30 mods of
sensitivity analysis.

Figure 9A demonstrates the results of the sensitivity analysis
for the MCDM method TOPSIS. Figure 9B shows an enlarged
view of the top 10 choices from the above calculations. Figure 9C
showcases the top 5 sites in a larger view. Figure 9D is a
demonstration of the top 3 sites from the sensitivity analysis.
Consequently, according to the weather and geographical
conditions, Sarayan, located in Southern Khorasan, is the best
site for a solar plant, followed by Isk, Esfadan, Dasht Byaz,
Beydokht 2, Shahr Jangal, Hajabad, Erinshahr, Sardab, and
Garmab.
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FIGURE 9 | (A) Sensitivity analysis results via the TOPSIS (technique for
order preference by similarity to ideal solution) multi-criteria decision-making
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6 CONCLUSION

An MCDM method via the TOPSIS mathematical model was used
in a feasibility study of three eastern and northeastern provinces of
Iran, namely, Northern Khorasan, Razavi Khorasan, and Southern
Khorasan. The objective of this article was to find the best location
for the establishment of a PV pumping plant. Therefore, a total of 93
sites, including 43 sites in Southern Khorasan, 33 sites in Razavi
Khorasan, and 17 sites in Northern Khorasan, were chosen.
Additionally, 15 criteria that had the highest impacts on the
problem were selected, such as solar irradiation, precipitation,
wind speed, relative humidity, slope, altitude from sea level,
distance from the substation, distance from the grid line,
obtainable solar energy capacity, distance from the river,
population, distance from the city center, distance from the road,
average temperature, and the number of dams in the vicinity. Using
the Shannon entropy method, each of the criteria was weighted;
consequently, the distance from the grid line had the highest weight
equal to 0.29. Additionally, sites were prioritized using the TOPSIS
method. The prioritization results showed various percentages
ranging from the minimum of 43.95%, corresponding to Shosef,
to the maximum of 93.87%, corresponding to Sarayan. Closely
following Sarayan were Isk, Esfadan, and Dasht Byaz in Southern
Khorasan and Beydokht 2, Shahr Jangal, and Hajabad in Razavi
Khorasan. Shosef, Ghasemkhan, and Seivjan obtained the lowest
points equal to 43.95, 57.11, and 63.01, respectively. In order to
investigate the problem extensively, sensitivity analysis was
implemented. To change the weights of the criteria, 30 sensitivity
analysis mods were introduced for the 15 criteria. It was observed
that, in 28 of the 30 mods, Sarayan was the first option, followed by
Isk with a margin of 0.05%; Shosef in Southern Khorasan obtained
the lowest score in all mods. The priority of the other sites varied
depending on the various criteria; therefore, no accurate
prioritization could be achieved.

This research provides a viable framework for future research
works in other areas of the world. Utilizing novel and hybrid
MCDM methods based on TOPSIS to provide greater accuracy in
the selection of desirable sites and comparing the results of these
methods would be a step forward in the right direction.
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