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Abstract: Water supply is one of the most critical infrastructures for development, and by desalinating
the water of the Persian Gulf, water demands may be satisfied. The countries of the Persian Gulf
basin have applied this technology and compensated for the country’s water shortage, whereas
because of Iran’s unlimited access to water, desalination has only been applied on a local scale. Due
to serious hydrological stress and periodic water shortages in Iran’s southern coastal area, seawater
desalination may be necessary as an optional solution for water supply. Site selection for desalination
plants is difficult as it may have a direct influence on the territorial and water environment, as well as
disrupt biological systems, hence, the objective of this study was to identify desalination sites across
the coastline of Hormozgan. To choose a suitable site, a multi-criteria evaluation (MCE) design was
applied, with three scenarios evaluated in the constraints part and two scenarios considered in the
criteria weight section. Altogether, out of 21 determination criteria considered for the construction
of desalination facilities, 14 were associated to the inland and coastal segment, six with the marine
zone, and one with the water quality phase. The results showed that about 33,584 ha in the optimal
scenario, or when minimum and maximum constraints were applied, approximately 109,553 and
7182 ha, respectively, of the region, including a total of 11 zones, were suitable for the building of
desalination facilities. In conclusion, this study was the first to consider MCE with many criteria and
different scenarios for developing a decision rule for the installation of desalination facilities based
on environmental and marine factors.

Keywords: desalination plant; weighted linear combination; water resources; Persian Gulf

1. Introduction

Although water covers more than 70% of our world, 97% of it exists in the sea, and just
3% of it is drinkable or reasonable for other household purposes. Water scarcity has been
gradually growing in most of the world’s major cities over the last few decades; population
growth, climate change, industrialization, shifting usage habits, improved living standards,
and the enhancement of irrigated agriculture [1] are the principal motivating factors behind
this rise in water demand, and it is anticipated that it will aggravate the world’s water
crisis [2,3]. In many places of the world, we still have problems and challenges with water
quality protection and correct use. Due to Iran’s geographical position in arid and semi-arid
areas [4], water scarcity could be a regional fact in most districts of the nation. According
to the cases noted, Iran’s low rainfall pattern, reduced groundwater level, and decreased
rainfall due to climate change are causing a crisis and water stress. However, there is
capacity for high renewable water supplies along the coastline in the north and south of the
country that can enable the country to respond to water shortage conditions. One of Iran’s
most significant challenges in the current period is obtaining sufficient and fresh water.

Water 2022, 14, 1669. https://doi.org/10.3390/w14101669 https://www.mdpi.com/journal/water

https://doi.org/10.3390/w14101669
https://doi.org/10.3390/w14101669
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0001-9172-9507
https://orcid.org/0000-0001-9679-1422
https://doi.org/10.3390/w14101669
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w14101669?type=check_update&version=3


Water 2022, 14, 1669 2 of 22

Recycling effluents, rainwater collection, bottled water, and cross-country pipelines
are some of the alternatives. There are advantages and disadvantages to each of these
strategies. Desalination is a low-cost approach of supplying drinking water to places where
there is water scarcity. Desalination is the most well-known method arising from changes
in both the availability and demand for freshwater supplies, both of which are anticipated
to increase exponentially in future years [5]. One of the most promising techniques to deal
with water shortages is desalination which converts mildly saline or seawater to drinkable
freshwater [6–8].

In terms of sea areas, the largest number of desalination plants exist in the Gulf with a
total seawater desalination capacity of approximately 12.1 Mm3/d—or about 44% of the
worldwide daily production. The largest producers of desalinated water in the Gulf (and
worldwide) are Saudi Arabia (25% of the worldwide seawater desalination capacity, of
which 11% are in the Gulf region, 12% in the Red Sea region, and 2% in unknown locations),
the United Arab Emirates (23% of the worldwide seawater desalination capacity), and
Kuwait (6%) [9].

Access to appropriate and sustainable water resources is one of the most important
factors for a country’s long-term development. This is especially critical in the Middle East
and countries surrounding the Persian Gulf because of its placement in the world’s dry
belt. Desalination is one of the human techniques to deal with a water shortage, and it is
a technology that the Arab countries of the Persian Gulf have employed to supply water.
Despite its unlimited access to seawater in the Persian Gulf and the Sea of Oman and the
great potential for water desalination, Iran has not been effective at using it, and continues
to have water shortages and secondary issues, making a barrier to increasing economic
progress. Despite the high efficiency of water desalination, finding a suitable location for
desalination plants is one of the most difficult challenges facing water basin planners and
managers. They must, in accordance with the principle of low-consequence development,
inflict the least environmental damage on the environment, and at the same time, take
into account future needs in accordance with the framework of sustainable development
without destroying resources.

Many studies have been conducted around the world and in Iran to develop optimal
methodology and to identify the most suitable sites for desalination. There have been
studies on the selection of suitable sites for desalination plants, which include solar desali-
nation plants in Turkey [10] and Egypt [11], desalination plants in Iran [4], groundwater
solar desalination in Egypt [12], a desalination plant in Libya [13], wastewater aquifer
recharge sites in Tunisia [14], solar desalination plant in Iran [15], a desalination plant site
in Pakistan [16], desalination plants in eleven countries [17], a desalination plant in United
Arab Emirates (UAE) [18], and a seawater desalination plant in Oman [19].

The literature review showed that, overall, in developed countries several studies have
recently been conducted in the field of desalination plants, which are based on economic
criteria and related to the energy segment. Under the criteria’s ranking, executive projects
in the field of launching desalination plants were eventually implemented. Despite all
the efforts made thus far, no comprehensive decision law or spatial model for locating
marine desalination sites has been devised. Therefore, in the present study, in addition to
considering various criteria, including environmental and economic criteria in the coastal
and marine segments, a decision rule was formulated based on multi-criteria evaluation
(MCE) modelling for the region.

The present paper prepares a spatial decision support system (DSS) for appropriate
site selection through a comprehensive analysis approach using geographical information
systems (GIS) as a tool in combination with the multi-criteria evaluation (MCE) method;
using the weighted linear combination (WLC) method as a kind of MCE, an Analytical
Hierarchy Process (AHP) is used to achieve sustainable development. According to the
desalination planning phase in Hormozgan province, there is a need for appropriate site
selection that can be used for current and potential needs based on decision rules and MCE
to decide suitable desalination sites. This novel approach is described in this paper.
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2. Materials and Methods
2.1. Case Study

Hormozgan province is located between the geographical coordinates of 25◦24′ to
28◦57′ N latitude and 53◦41′ to 59◦15′ E longitude of the Greenwich meridian (Figure 1).
This province is in the south of Iran and to the north of the Strait of Hormoz, is approx-
imately 68,000 km2 in area, and the length of its coastline is 900 km. The coast of this
province along the east of the Sea of Oman and in the west of the Persian Gulf, and it is one
of the important provinces of Iran that has suffered from water shortage.

1 
 

 
Figure 1. The spatial sub-setting of Hormozgan province based on Iran’s National Cartographic
Center’s guidelines.

To facilitate the analysis of the results, the Index map of the National Cartographic
Center’s standard delineation procedure was used. In total, there are 10 Indexes in the
region (Figure 1), based on which the region was divided into three parts, including
western, central, and eastern. Figure 2 illustrates a stepwise process for conducting desali-
nation research on the Hormozgan coast, every one of the steps will be mentioned in the
subsequent sections.

2.2. Identification and Selection of Criteria for Desalination Plant Sites

In this section, on the one hand, the environmental, marine, and water quality criteria
are categorized into three components for choosing the suitable criteria for the site selection
of desalination plants, and on the other hand, the necessary pre-processing is done. Based
on the literature review, expert theory, and the regional characteristics, the required data
for site selection for desalination plants are selected and grouped into 21 criteria and three
major groups. As a project’s economic and environmental factors are critical [20], this
research also considered them (Table 1).
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Figure 2. The proposed problem-solving procedure is depicted in the flowchart.

Pre-processing operations on the data in the GIS environment were carried out at
this step, inclusive of geometric correction and geocoding, creating a buffer and a map
of distance (which includes proximity functions and calculates the shortest distance of
each point on the map from a phenomenon or a set of phenomena); the layers were then
prepared for modelling. Standardizations was done to convert different computational
units of factors into comparable values. The selection of membership functions required
for standardization was related to the user’s information about how changes affected the
suitability of each factor. In this method, all factors in the continuous scale of suitability
were standardized, and it was possible to combine all the values of the factors [21].
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Table 1. Preparation of the database and data scale in three sections of environmental criteria, water
criteria, and water quality parameters.

Group Criteria Scale Data Source

inland
and

costal

Landforms 1:25,000 Ports and Maritime Organization (PMO)

Slope (%) 1:25,000 PMO and NCC

geology 1:25,000 Ports and Maritime Organization (PMO)

Distance to River 1:25,000 National Cartographic Center (NCC)

Distance to floodway 1:25,000 National Cartographic Center (NCC)

Distance to City 1:25,000 National Cartographic Center (NCC)

Distance to village 1:25,000 National Cartographic Center (NCC)

Distance to Building blocks 1:25,000 National Cartographic Center (NCC)

Distance to Roads 1:25,000 National Cartographic Center (NCC)

Distance to Powerline 1:25,000 National Cartographic Center (NCC)

Distance to Protected Areas 1:25,000 Department of Environment (DOI)

Distance to Estuary 1:25,000 National Cartographic Center (NCC)

Distance to coastline 1:25,000 National Cartographic Center (NCC)

Distance to Fault 1:25,000 Geological Survey and Mineral Explorations (GSI)

M
arine

zone

Depth 1:25,000 National Cartographic Center (NCC)

Bed Slope (%) 1:25,000
(

Distance to coastline
Depth

)
× 100

Velocity Resolution: 3 km HYCOM model (Kara et al., 2010)

Fetch 1:25,000 Ports and Maritime Organization (PMO)

Sea surface Temperature Resolution: 4 km MODIS-Aqua

Sea Salinity Resolution: 4 km Argo-Project

W
ater

quality

Chlorophyll-a Resolution: 4 km MODIS-Aqua

2.3. Model Implementation: Pairwise Comparison Using the Analytical Hierarchy Process (AHP)

The pairwise comparison approach, based on expert theory, is one of the most often
used methods for estimating the weight of criteria [22]. The Analytical Hierarchy Process
solves them by structuring issues in a hierarchical format. This method has been used to
evaluate or rank a set of options so that the most suitable options can be selected [21]. In
Saaty’s method, weighting is done in a continuous scale consisting of nine points, and each
of these numbers represents a degree of importance so that the value of “1” indicates “equal
importance” and the value of “9” indicates “extremely high” importance of one indicator
relative to another [21]. The consistency ratio (CR) index is used to determine whether a
judgment is acceptable. If the value is greater than 0.1, a pairwise comparison must be
performed again; otherwise, the comparison matrix is considered to be consistent [23].

For the weight of a criterion, two scenarios were investigated. The first scenario
assigned equal weight (Sc1) to all criteria, whereas the second scenario (Sc2) assigned the
weight to factors based on the Deweiri et al.’s method [18].

2.4. MCE Modelling
2.4.1. Boolean Method

To identify the best and generally legitimate scenario for the research area, factors and
constraints were applied in three modes, including conservative (C), minimization (M),
and optimization (O), which are the research area’s maximum, minimum, and optimal
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scenarios based on trial and error, respectively. The optimum scenario for the region was
determined by analysing the optimal scenario between the C and M modes in terms of
performance and outcomes.

2.4.2. WLC Method

In this method, the factor’s weight, and constraints on the criteria were applied. First,
all criteria were multiplied by the factor’s weight (compensation weight) [24]:

S = ∑ WiXi

where S represents the suitability, Wi represents the weight of the factor I, and Xi is the
criterion score in factor i. Then by multiplying the results of the constraint, the areas with
zero values were eliminated, and only the suitability areas remained.

S = ∑ WiXi ×∏ Cj

where Cj represents the score for constraint j, and ∏ is the product of multiplying the constraint.
This method is characterized by a full trade-off (1) between the factors and risk levels

of 0.5 in the strategic decision space.

2.5. Site Selection

As inputs to the site selection phase, the output suitability map of the area covered
by the weighted linear model was employed. Two common methods of site selection are
ranking (sorting cells of the network based on suitability in descending order and selecting
of cells with the highest value of suitability) and zonal land suitability (ZLS) [25]. In the
ZLS method, cells are firstly selected based on the threshold of the required area. Then, the
amount of zonal land suitability (average suitability of the constituent cells of each zone) is
calculated. Further, the zones are arranged based on the value of zonal land suitability, and
ultimately the zones with the highest suitability are selected [24]:

Sz =
∑(Li)z

nz

where Sz = zonal land suitability, (Li)z = local suitability of the cell i belonging to the zone z,
nz = number of cells forming z zones.

3. Results
3.1. Fuzzy Membership Function Criteria

In this section, fuzzy membership functions have been used to standardize the criteria.
The standardization of the decision rule’s factors are presented in Table 2.

The suitability area of each Index area based on each factor is shown in Figure 3 and
Table 3. The whole region is highly suitable in terms of the river factor, which shows that
there is a low density of rivers across the region, but the suitability of floodways is the least
suitable, indicating the presence of a significant number of floodways in the research area.

According to the literature review, the criteria for desalination plants have not been
studied yet. As a result, the control factors used for the implementation of similar industries
were used through trial and error and various modelling to finally obtain the optimal
conditions for the study area (Table 2).

Nevertheless, because of the low density of floodways in the Minab Index of the region
(Index number: 7), the situation was relatively satisfactory. The lowest average suitability
in the study area was related to the eastern area (Index number: 7), while the highest
average suitability in the western area of the study area, was related to Bandar Lengeh
(Index number: 3) (235) (Table 3). In terms of coastline, the region’s middle portion had the
highest appropriateness, while the western portion had the lowest suitability.
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In terms of slope criteria, Pbeshk (Index number: 10) and Lar (Index number: 4) had
the highest and lowest suitability, respectively. The highest and lowest values for the
chlorophyll criterion were related to Lavan (Index number: 2) and Bandar Abbas (Index
number: 5), respectively. In terms of two marine criteria, temperature, and water surface
salinity, Lavan (Index number: 2) had the lowest suitability, and the highest suitability for
surface water temperature was related to Bandar Abbas (Index number: 5), and for surface
water salinity was related to Qeshm (Index number: 6) (Table 3).

Table 2. Constraint, type, and form of fuzzy membership functions for research’s criteria.

Group Project Objectives
and Criteria

C
onstraint

(m
)

Control Point and Fuzzy Membership (m)

R
eference

Conservative Optimization Minimization

C
ontrol

Point(a)

C
ontrol

Point(b)

C
ontrol

Point(a)

C
ontrol

Point(b)

C
ontrol

Point(a)

C
ontrol

Point(b)

inland
and

costalsegm
ent

Landforms
Prioritization based on erosion sensitivity

Linear and monotonically decreasing

Slope 0–15%

Linear and monotonically decreasing

h-geo Prioritization based on strength for deployment

Distance to River 400
1000 33,474 400 5000 400 33,474

[26–28]
Linear-increasing Sig-increasing Sig-increasing

Distance to floodway 700
2000 15,334 2000 5000 500 15,334

[29]
Sig-increasing Sig-increasing Sig-increasing

Distance to City 1200
2000 143,082 1200 5000 10,000 143,080 1200 143,082

[26,29]
Linear-increasing Symmetric Linear-increasing

Distance to village 1000
2000 15,794 1000 3000 8000 15,794 1000 15,794

[29,30]
Linear-increasing Symmetric Linear-increasing

Distance to
Building blocks 1300

2000 16,826 1300 10,000 1100 16,826

Linear and monotonically increasing

Distance to Roads
100 to the last distance

Linear and monotonically decreasing

Distance to Powerline 200
500 270,832 200 270,830 200 270,830

[31]
Linear, Monotonically Decreasing

Distance to
Protected Areas

7000
7000 84,626 7000 84,626 1800 84,626

[27,32,33]
Linear and monotonically increasing

Distance to Estuary 7000
7000 42,180 7000 42,180 1800 42,180

Linear and monotonically increasing

Distance to Fault 1000
2000 90,852 1000 10,000 500 90,852

Linear and monotonically increasing
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Table 2. Cont.

Group Project Objectives
and Criteria

C
onstraint

(m
)

Control Point and Fuzzy Membership (m)

R
eference

Conservative Optimization Minimization

C
ontrol

Point(a)

C
ontrol

Point(b)

C
ontrol

Point(a)

C
ontrol

Point(b)

C
ontrol

Point(a)

C
ontrol

Point(b)

M
arine

zone

Depth
- - 0 30 50 100 - -

Symmetric

Slope bath (%)
- - 0 0.5 1 10 - -

Symmetric

Velocity
- - 0.02 0.15 0.2 0.3 - -

Symmetric

Sea surface
Temperature

Minimum and maximum trend of change
[30,33]

Linear and monotonically decreasing

Sea Salinity
Minimum and maximum trend of change

[30]
Linear and monotonically decreasing

W
ater

quality

Chlorophyll-a
Minimum and maximum trend of change

Linear and monotonically decreasing

In summary, the maximum suitability area was seen in the two index areas (Birom
and Sirik) of the western and eastern regions after applying the constraint, while the least
suitable area was observed in the central regions (i.e., the two index areas of Qeshm and
Bandar Abbas). The highest and lowest appropriate regions in the region, respectively,
were 75.88% for the Minab Index area in the eastern part of the region and 13.76% of the
Bayram Index area in the western part of the territory, according to the landform criterion
(Table 3). The Slope criterion for coastal areas in the two index areas of Pibeshk and Lar had
the highest (93.25% of the index area) and the lowest (16.29% of the index area) suitable
areas, respectively. In the Lar and Minab Index areas, the maximum appropriate area (100%
of the index area) was computed, but the lowest suitable area was obtained in the Jask
Index (90.66% of the index area). Due to the high concertation of floodways (Figure 3),
most of the Bandar Lengeh Index area lost its suitability for a desalination facility, whereas
just 2% of the Lar Index area lost its suitability (Table 3). Fully 100% of the area of the
eastern (Lar, Sirik, and Pbeshk) and western (Lavan) index areas in terms of distance from
the city, and in terms of the two criteria of distance from building blocks and villages
(Lar Index), the distance from the road (Minab Index), the distance from the powerlines
(west–Birom, Lavan and Lar index areas, and east–Minab, Jask and Pbeshk index areas),
the distance from the fault (Lavan, Qeshm and Minab index areas, 100%), the distance from
the estuarine area (Lar Index 100%), the distance from the protected area (Lar and Bayrome
index areas 100%) have the most suitable area for desalinisation plants. This was in spite
of lower values for the two criteria of city (91.17%) and village (64.06%) in Minab Index,
building blocks (Bandar Abbas Index 77.20%), roads in the Bandar Lengeh Index (84.25%),
powerlines in the Qeshm Index (96.18%), fault in the Lar Index (89.12%); the two criteria of
estuary and protected area of Qeshm Index have the least suitable areas.
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Table 3. Determining the remaining area from the region and the percentage changes after applying
the constraint.

Criteria

Sector Factor’s
Weight

West Centre East Sc1 Sc2

Birom Lavan Lar Lengeh Bandar
Abass Qeshm Minab Sirik Jask Pbeshk

Area
(Hectare) 153,132 115,120 7289 351,538 328,670 31,586 29,429 244,841 286,302 179,403

landforms
Area% 13.76 25.25 63.78 51.69 66.81 31.7 75.88 45.57 44.86 55.4

0.048 0.042
Suitability 87 69 255 107 130 103 136 99 85 93

slope
Area 53.65 55.57 16.29 73.27 86.43 87.6 90.32 81.7 79.95 93.25

0.048 0.04
Suitability 95 106 17 155 195 211 196 173 171 213

geology
Area 100 100 100 99.7 98.24 95.59 100 99.66 99.97 100

0.048 0.04
Suitability - - - - - - - - - -

river
Area 98.5 97.92 100 95 91.75 94.40 100 97.7 90.66 98.15

0.048 0.034
Suitability 239 229 242 210 171 191 250 229 153 232

floodway
Area 49 52 98 44 58 70 97 68 51 57

0.048 0.034
Suitability 3 6 135 7 12 56 174 59 14 26

city
Area 98.68 100 100 98.79 95.95 94.68 91.17 100 99.51 100

0.048 0.032
Suitability 218 126 245 199 222 210 202 156 204 71

village
Area 91.56 92.30 100 89.16 86.81 88.19 64.06 84.50 91.99 86.12

0.048 0.032
Suitability 189 188 199 179 166 162 97 156 190 160

building
blocks

Area 82.75 85.64 100 85.44 77.20 95.30 92.56 75.57 86.30 84.76
0.048 0.032

Suitability 68 69 214 77 74 162 111 59 83 74

roads
Area 90.5 88.41 97.05 84.29 87.52 90.79 99.8 94.95 94.24 91.18

0.048 0.03
Suitability 233 233 218 235 230 212 164 219 215 232

powerline
Area 100 100 100 98.86 97.21 96.18 100 99.97 100 100

0.048 0.032
Suitability 207 223 245 242 246 248 244 202 109 38

protected areas
Area 100 11.79 100 86.66 64.46 6.49 89.08 77.79 75.19 91.02

0.048 0.0896
Suitability 123 1 30 68 15 0 20 25 35 83

estuary
Area 95.09 86.78 100 89.75 68.32 6.69 93.74 80.06 72.14 71.21

0.048 0.0796
Suitability 124 65 74 82 37 1 52 59 40 36

coastline
Area - - - - - - - - - -

0.048 0.034
Suitability 133 143 39 131 130 220 81 132 142 139

fault
Area 99.91 100 89.12 97.04 97.43 100 100 90.12 90.51 95.11

0.048 0.04
Suitability 246 255 69 202 207 254 250 151 155 164

slope bath (%) Suitability 144 180 - 128 82 101 - 148 193 57 0.048 0.034

depth Suitability 244 239 - 206 164 169 - 168 214 213 0.048 0.032

sea surface
temperature Suitability 67 60 - 89 110 97 - 85 80 71 0.048 0.0796

sea salinity Suitability 17 6 - 98 34 192 - 110 165 145 0.048 0.0836

velocity Suitability 33 31 - 34 8 17 - 45 63 44 0.048 0.0936

fetch Suitability 255 255 - 251 254 231 - 162 255 255 0.048 0.034

chlorophyll-a Suitability 157 170 - 140 92 121 - 142 143 169 0.048 0.052

3.2. Model Implementation
3.2.1. Boolean Modelling

The regional areas suitable for conservative (C-Mode)—approximately 7182 ha
(Figure 4a), minimization (M-Mode)—approximately 109,553 ha (Figure 4b), and opti-
mization state (O-Mode)—approximately 33,584 ha (Figure 4c), were determined in this
modelling. In terms of the floodway criterion, shifting from C-Mode to M-Mode decreased
the suitable area for this factor in the overall study region from 65% to 20%, while the
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O-Mode increased to 55%. In general, the rate of suitability in the region was increased
from C-Mode to m-mode and from M-Mode to O-Mode at 783 ha and 176 ha, respectively.
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3.2.2. Final Aggregated Suitability Image (FASI)

Figure 5 depicts the FASI results for the two scenarios of giving equal weight to all of
the criteria and weights used by [18]. The suitability range in the O-Mode and in the first
scenario weighting (equal weight) was 0 to 170, with zero being the minimal suitability in
this scenario (Figure 5a). The region was categorized into five classes in terms of suitability
(1–30, 30–60, 60–90, 90–120, and 120–170) to assess and present better findings for this
section of the analysis. Based on this scenario, the minimum suitability in the area was
calculated as approximately 40%. Therefore, the first class was removed, and the second
class covered only 2.33% (40,156 ha). The Qeshm and Minab index areas had zero suitability,
but the eastern part of the region had the highest area suitability (Jask and Pbeshk index
areas), and in general, the suitability decreased from east to west based on the first class.
About 62.60% of the space was taken up by the third category (1,083,135 ha). All the index
areas were suitable for this category. The central part of the Bandar Abbas Index and the
western part the Lavan and Bandar Lengeh index areas had the highest suitability area,
and the lowest suitability area was in the whole region of the Qeshm Index. The fourth
class covers 34.3% of the area (593,829 ha), the highest suitability in the Lar Index being
78.2% and the lowest suitability in the Jask Index of 0.1%, and the central (Qeshm), eastern
(Minab), and western (Birom) regions were the most suited, according to the other indices.
The fifth category covers 0.77% (13,259 ha), the most suitability of this category belongs to
the Qeshm Index 7.86% (2482 ha) and then the Bandar Lengeh Index 1.25% (4380 ha).
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The suitability range in Sc2 is 0 to 146 (Figure 5b), and the scenario’s lowest suitability
is zero, like in the preceding scenario. The findings for this study in this situation were
classified into five groups (0–30, 30–60, 60–90, 90–120, and 120–146). Because the minimal
suitability in this categorization was 25, the first category was eliminated in this scenario.
The second class contained 54.06% of the area with Jask Index (81.70%) having the highest
suitability, followed by the Lavan (77.53%) and Pbeshk (74.62%) index areas, and the least
suitable area was in the two index areas of Birom (18.92%) and Lar (3.68%). Unlike the
preceding class, this third class, had the highest suitability related to the Lar and Birom
index areas, and the lowest suitability belonged to the Jask Index. In general, this class
covered 43.36% of the total area. Except for the Lar and Minab index areas, the fourth class
was appropriate in all index areas, with the maximum suitability estimated in Birom as
17.60% (26,958 ha) and Qeshm Index as 4.37% (1380 ha) and the lowest suitability calculated
in Lavan Index as 0.18% (207 ha). The fifth group covered a minor portion of the land
which was 145 hectares, or 0.01% of the total land area (Bandar Lengeh, Qeshm, Birom, and
Bandar Abbas index areas).
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3.3. Site Selection by Boolean and WLC Approach by Zonal Land Suitability (ZLS)

The Boolean method only identifies suitable areas for the deployment of desalination
facilities, but it does not prioritize among the selected sites. The best way to identify
suitable sites for establishing desalination facilities used a ZLS method in the Boolean
approach based on the C-Mode of 27 zones; this determined a total area of 7182 hectares
with a minimum size of 50 hectares. The findings were calculated for the M-Mode, which
included 225 zones covering a total area of 109,553 ha, as well as the O-Mode, which had
97 zones covering a total area of 33,584 ha. As shown in Table 2, the considered constraint
was the most cautious mode in the C-Mode, which resulted in a significant reduction in the
amount of residual area for a large number of factors. In this scenario, the floodway layer
was distributed across a large portion of the region and many permanent and seasonal
rivers exist in the region, the most important of which could be the Sadij river in the Pibeshk
Index, the Jagin river in the Jask Index, the Jomahaleh in the Sirik Index, and the Hassan
langi, Jalabi, and Kor in the Bandar Abbas Index. Several factors: estuaries are in a large
part of the area with a buffer of 7000 m; 60 faults, most of which are in the east of the
region, i.e., in the three index areas of Sirik, Jask, and Pibeshk with a buffer of 2000 m; there
are 577 rural zones distributed in the area with a buffer of 2000 m; and the existence of
seven urban areas in the study region with a buffer of 2000 m, led to the loss of a large area
and only an area of 5264 ha was introduced in 27 zones. The amount of buffer considered
according to Table 3 was first shifted to the minimization mode and subsequently to the
optimization mode in the M-Mode and O-Mode. It expanded the acceptable space to
97,745 hectares in the M-Mode. Finally, the adjustment of the buffer resulted in an increase
in appropriateness of 27,088 hectares in the study area’s various zones. Selected sites were
examined in three areas including western, central, and eastern, as detailed further below.

3.3.1. Suggested Sites in the Eastern Part of the Region

Figure 6 depicts the locations of the four zones that were discovered in this area.
In Zone A, the highest suitability and area of the site ware related to the third site, and
the lowest suitability and area was related to the first and second sites, respectively. The
average total depth in this area is 55 m (Table 4). Sites one and four in terms of distance from
the estuary, site three in terms of distance from the protected area, and site four in terms of
distance from the road and other criteria are in good condition for the desalination site.

Table 4. The average suitability of the criteria in the eastern part of region.

Distance from Criteria (m)

Criterion
Zone A Zone B Zone C Zone D

1 2 3 4 1 2 1 1 2

Slope of coastal areas 0.69 0.67 0.51 0.43 0.29 0.55 0.66 0.31 0.33

river 28,038 29,881 31,022 27,133 4996 841 14,998 20,818 24,933

floodway 6124 4101 1247 1688 1120 1065 884 2845 3059

city 106,328 117,219 122,528 104,055 15,211 8537 74,813 43,849 51,176

village 3248 1587 2668 3035 2455 2952 4301 2694 1560

building blocks 2676 1562 2459 2880 2361 3707 4128 2496 2088

road 244 270 610 150 4696 841 14,998 340 681

protected area 36,331 41,784 47,609 40,586 11,842 7520 7110 21,306 22,061

estuary 8539 11,252 9018 8927 9376 8476 7771 8388 7588

coastal 253 925 1021 111 1983 1454 1510 381 1370

faults 16,385 18,254 14,521 12,758 16,041 4336 5298 9635 9845

depth 55 55 55 55 64.30 64.30 50.45 61.88 61.88



Water 2022, 14, 1669 17 of 22

Table 4. Cont.

Distance from Criteria (m)

Criterion
Zone A Zone B Zone C Zone D

1 2 3 4 1 2 1 1 2

suitability 56 60 69 65 53 40 70 66 54

Area (hectare) 179 94 469 110 1743 98 237 181 126
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The second site of Zone B has the least appropriateness in the western part of the
region, while the first site of this zone has the largest area. In addition, the depth of the
Persian Gulf around this zone is more than the other areas.

Zone C is more suitable and has a larger area than Zone D, although it has a shallower
depth. The average minimum distance from the criteria of road and coastline, central
population (city and village) were obtained in Zone A, B, and D, respectively. The highest
suitability belongs to Zone C and the lowest suitability belongs to Zone B.

3.3.2. Suggested Sites in the Central Part of the Region

Zone E was located in the Bandar Abbas index (Figure 6), which has two sites with
areas of 172 and 217 hectares (Table 5). The most significant estuaries are Chelkhoni,
Chelsaudi, Mesaghe, Chel, and Naybandan, which are in the northern portion of the GNO
protected area, the eastern half of the Hara, Tiab, and Minab, and the western part of the
Hara-Qeshm protected area. The most major rivers near the zone are Shoor (seasonally
situated in the eastern part) and Kor (permanently located in the western part). The first
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site’s southern portion is on the tidal shore and its northern part is on the coastal plain,
whereas the second site’s southern part is on the coastal plain, its middle part is on the
heights, and its northern part is on the floodplain.

Table 5. The average suitability of the criteria in the central part of the region.

Distance from Criteria (m)

Criterion Zone E Zone F

1 2 1

Slope of coastal areas 0.13 0.13 0.21

river 3838 8604 10,871

floodway 3437 1156 1727

city 1430 7132 27,929

village 2125 1883 4459

building blocks 1600 1730 3486

road 1575 654 2861

protected area 18,148 16,708 15,315

estuary 11,483 16,058 10,577

coastal 707 1575 1854

faults 5347 1999 15,842

depth 40.38 40.38 19.80

suitability 57 51 72

Area (hectare) 172 217 2153

The Bandar Abbas index includes Zone F as well as the previous zone. This site
covers 2153 ha and is separated into three components in terms of landform, including
tidal beach, mud zone, and flood plain, which are divided into southern, northern, western,
and northeastern sections, respectively. In terms of distance from the river, building blocks,
faults, and sensitive coastal regions, the data in Table 5 demonstrate that this site is in good
condition. The Persian Gulf’s depth in this zone is around 20 m, which is lower than in
other zones.

3.3.3. Suggested Sites in the Western Part of the Region

In the western part of the region, Bandar Lengeh Index covers Zones G, H, and I,
whereas the Birom Index covers Zones J and K (Figure 6). The northern and central parts
of the first and the second sites (Zone G) are on the flood plains, the southern and eastern
parts of the first site are on the alluvial fan, and the southern parts of the second site is on
the dune.

The areas of these two sites are 198 and 107 hectares (Table 6), respectively, which is
better than the second site in terms of environmental criteria. The protected area of Faro
and Hara-Khoran are in the southwestern part of the first site and the eastern part of the
second site, respectively, and the only river close to the sites is the Sheikhi river, and there
are two estuaries in the area between the two sites. The area and suitability of the first site
is more than the second site.

The highest suitability (Zone H) is related to the first site and the lowest suitability
is related to the second site. The area of this site, which is in the western part of the Siraj
protected area, is 201 ha (Zone I) (Table 6). This site is in a good condition in terms of
distance from the river, building block, estuary, distance from the coast, and faults. The
Persian Gulf is approximately 20 m deep at this location. The landform on which this place
is situated is the coastal plain. Each of the two western zones have two sites. The second



Water 2022, 14, 1669 19 of 22

site, Zone J, has the highest suitability in the western part of the region and in terms of the
criteria under consideration, and the area of four sites has the potential to be selected for
desalination facilities.

Table 6. The average suitability of the criteria in the western part of region.

Distance from Criteria (m)

Criterion Zone G Zone H Zone I Zone J Zone K

1 2 1 2 3 1 1 2 1 2

Slope of coastal areas 0.35 0.29 0.16 0.16 0.25 0.88 0.64 0.73 0.57 0.95

river 29,265 945 16,108 17,385 25,440 12,039 9907 10,490 9150 7524

floodway 1160 1089 1805 2955 1051 2333 2963 1885 1639 1182

city 9514 25,996 31,636 29,547 24,676 79,775 9063 6710 19,816 24,214

village 2324 1594 2526 1766 4213 7868 4918 3911 4702 5383

building blocks 2180 1718 2413 1624 3109 7783 4138 2225 2653 4155

road 230 519 790 289 465 325 688 563 226 1973

protected area 31,671 14,492 31,250 30,289 27,222 10,783 59,270 56,279 72,248 80,851

estuary 26,110 19,957 22,012 23,875 31,352 20,674 39,364 40,401 24,974 18,353

coastal 512 553 1176 770 1845 575 693 1662 696 747

faults 6296 7046 23,762 22,724 17,600 21,270 67,144 63,352 81,331 86,905

depth 26.83 26.83 62.14 62.14 62.14 60.77 70.86 70.86 78 78

suitability 69 52 74 67 76 56 64 75 69 57

Area (hectare) 198 107 274 130 495 201 286 110 115 257

4. Discussion

The selection of suitable and acceptable sites for a desalination plant is subject to
the consideration of technical, environmental, economic and social criteria and require-
ments [34]. Based on the results of Figure 6 and Table 3, such as for slope criteria, powerline,
coastline and SST in the central part, in terms of distance from the road to the western part,
chlorophyll and water salinity criteria have the highest potential because of access to free
water in the eastern part of the region, dam releases in this area will be reduced as a result
of this [12]. The Strait of Hormuz bounds the region’s central and western parts, causing
saline conditions to advance and expand in the central and western part of region [12].
The distance from the road (transportation and infrastructure construction) [11,16,35,36],
powerline (network connection costs) [11,37,38], coastline (transportation and installation
cost) [38,39], population areas are important considerations. As there are no clear rules for
installing desalination facilities in residential areas, the fuzzy membership function was
developed by trial and error. The site of the desalination plant should be such that, on
the one hand, it has the lowest cost to transmit water to human settlements; by installing
desalination facilities near populated regions, many additional costs, such as the cost of
water transfer [37], would be avoided. However, due to air, visual, and noise pollution,
the plant location should not be too close to populated regions [34], hence the symmetric
function was employed (Table 2), and slope (infrastructure construction) [27,37] in the
coastal segment, as well as temperature and salinity in the marine section [10], and low
chlorophyll [40] factors considered. Plankton and organisms might get stuck in the pump’s
intake, causing problems [40] and have an impact on desalination facility implementation.
The minimum distance for any development in the vicinity of a protected area, according to
the environmental protection agency, is 2 km [37,41], therefore, due to the high sensitivity
of the area and polluting industries and a significant rate of industrial development [42],
especially in the western part of the area (Figure 3), for the estuary and protected region,
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a 7-km buffer was proposed (Table 2). Desalination facilities should have the lowest risk in
terms of natural catastrophes which cause infrastructure destruction, such as earthquakes
and floods [27], because they are present for a long time and it is not possible to move them
owing to the high expense of doing so [4]. As a result, the potential area for the building of
desalination plants was decreased due to the high density of floodways in the western half
of the area (Figure 3).

In the section related to weighting and constraint scenarios, as expected, the
weights [37,43–47] (Figure 5) and constraints [44] (Figure 4) related to the studied criteria
affected the site selection process and the suitability of the area for building of desalination
facilities. As a result, different scenarios were implemented in this section of the study [43].
These characteristics along with their related weights led to an increased suitability for the
western, central, and eastern parts, respectively.

The current study is consistent with other studies [39,48] which focus on the en-
ergy sector and the type of technology employed [13,15,16,19], the AHP method [18], the
Delphi method [30], the ELECTRE method [4], as well as studies in similar industries,
such as coastal wind farms [35], solar power plants [49], and solar-powered desalination
facilities [10,11]. Accordingly, this study was the first to consider MCE with a many criteria
and different scenarios for developing a decision rule for the installation of desalination
facilities based on environmental and marine factors.

5. Conclusions

Desalination is one of the most effective strategies to deal with the rising demand
for water. Iran has the potential to develop desalination facilities due to the availability
of free water in the country’s south. In the future, desalination will be a source of water
for coastal towns in dry and semi-arid regions. Managers and decision makers must
consider environmental and aquatic ecosystem components of sustainable development in
addition to water availability. The goal of this study was to use multi-criteria assessment
modelling to find potential sites for desalination plants in Iran to address the problem of
water scarcity in the country’s south. In general, 14 environmental criteria, 6 marine criteria,
and 1 water quality criterion were evaluated for decision makers to decide on the suitability
of each criterion based on the environmental conditions of the region. Previous studies had
limitations in terms of two important factors, first, was the use of ranking methods, second,
they considered a limited number of criteria. The following are the major conclusions:

(1) The development of a decision rule for the desalination facility site selection is one
of the most significant accomplishments of this research. It was generated using the
study area and various scenarios.

(2) In addition to inland and coastal segment criteria, marine criteria were included in
modelling to reduce the desalination plant’s negative environmental impacts.

(3) In addition to meeting the study area’s water needs and shortages, the model’s results
and output will assist regional managers and policymakers in applying the results
and decision rule to other coastal provinces.

In conclusion, because the change of weight based on two scenarios can alter the
suitability and output of the model, weight sensitivity analysis of criteria in future studies
can be valuable in this sector.
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