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Abstract 

This study aims to identify the most suitable water treatment plant among various alternatives, including, 
surface water, groundwater, RO seawater desalination, thermal desalination (MSF/MED), secondary and 
tertiary wastewater treatment, industrial, stormwater, and sludge or advanced reuse treatment plants. The 
evaluation considers key technical, economic, and environmental criteria such as water quality, capital and 
maintenance costs, energy consumption, environmental impact, waste generation, implementation time, 
operational efficiency, operational risk, and space requirements. The M-polar fuzzy soft set method is 
applied to systematically handle uncertainty and select the optimal water treatment plant. 

Keywords: Surface Water Treatment Plants, Operational Efficiency, Optimization, Desalination. 

AMS Classification: 03E72, 47S40. 

  
1. INTRODUCTION  

All water treatment plants are designed with the same goal: to provide clean and safe 
water as efficiently and reliably as possible. However, as technology has evolved, the 
types and methods of water treatment have also advanced. The introduction of innovative 
and sustainable treatment methods has led to the development of various types of water 
treatment plants. Surface water treatment plants treat water from rivers, lakes, or 
reservoirs. They typically involve processes such as sedimentation, filtration, and 
disinfection. These plants can be classified into conventional treatment plants, direct 
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filtration plants, and slow sand filtration plants depending on the treatment process used. 
Groundwater treatment plants treat water extracted from wells or aquifers. These plants 
often focus on removing minerals, iron, manganese, and other dissolved substances. 
Treatment methods may include aeration, filtration, and chemical dosing depending on 
the water quality. RO seawater desalination plants derive freshwater from seawater using 
reverse osmosis technology. Water is forced through semipermeable membranes that 
remove salts and other impurities. This method requires significant energy but provides 
a reliable source of potable water in areas with limited freshwater resources. Thermal 
desalination plants (MSF/MED) produce freshwater by evaporating seawater and 
condensing the steam. They are often used in regions with high salinity water or where 
large-scale water production is needed. Wastewater treatment plants, both secondary 
and tertiary, treat sewage or industrial effluents to produce water that can be safely 
discharged or reused. Secondary treatment typically removes organic matter and 
suspended solids, while tertiary treatment further removes nutrients and pathogens to 
allow for safe reuse.  

Industrial and stormwater treatment plants focus on treating process water or rainwater 
runoff. Industrial plants remove specific chemical pollutants and contaminants, whereas 
stormwater plants prevent pollutants from entering natural water bodies. Sludge or 
advanced reuse treatment plants process residual sludge from other treatment 
processes, recovering water and nutrients, and in some cases producing water suitable 
for agricultural or industrial reuse. Each type of water treatment plant is evaluated based 
on various characteristics such as water quality output, capital and maintenance cost, 
energy consumption, environmental impact, waste generation, implementation time, 
operational efficiency, operational risk, and space or infrastructure requirements. These 
factors guide the design, operation, and selection of the most suitable water treatment 
plant for a given context. 

The remainder of this paper is organized as follows: Sections (1) and (2) present the 
theoretical framework of water-based power plants, along with an explanation of the 
concept of m-polar fuzzy sets. These sections provide a detailed presentation and 
analysis of the main types of hydropower-based generation systems, including 
hydroelectric power plants, wave power plants, and tidal range power plants. These 
power plants are evaluated based on a set of fundamental criteria, namely: renewable 
energy efficiency, visual impact, capital cost, maintenance cost, environmental impact, 
greenhouse gas emissions, implementation time, cost per kWh, risk of cascading 
accidents, and waste management issues. 

Moreover, these sections introduce the concepts of the Soft Set, Fuzzy Soft Set, and 
Fuzzy Polar Soft Set. In Section (3), the analysis of water-based power plants and their 
applications is conducted using fuzzy set theory and a decision-making framework based 
on the 2-polar fuzzy soft set. Within the problem formulation, the proposed algorithms are 
presented, and the optimal selection of water-based power plants is determined 
according to the 2-polar fuzzy soft set decision-making criteria.  
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2. PRELIMINARIES 

2. 1 Soft Set Theory and m-Polar Fuzzy Soft Set Model 

The results of these studies are analyzed using the proposed criterion, through which a 
fuzzy soft set–based decision is obtained by taking into account the values of all analyses 
related to the characteristics of different types of water-based power plants, including 
hydroelectric, wave, and tidal range power plants. This approach enables an accurate 
comparison among these systems based on multiple technical, environmental, and 
economic criteria. On the other hand, Majumdar and Samanta introduced the concept of 
generalized fuzzy soft sets, followed by several subsequent studies on advanced models 
such as generalized multi-fuzzy soft sets, generalized intuitionistic fuzzy soft sets, 
generalized fuzzy soft expert sets, and generalized interval-valued fuzzy soft sets. 
Recently, Zhu and Zhan proposed the concept of fuzzy parameterized fuzzy soft sets 
along with their applications in decision making, while Zhao et al. presented a novel 
decision-making approach based on intuitionistic fuzzy soft sets. Moreover, Deli 
introduced the concept of interval-valued neutrosophic soft sets and its application to 
decision making. Furthermore, Fatimah et al. extended several models, including N-soft 
sets, as well as hybrid models such as interval-valued fuzzy soft sets and (dual) 
probabilistic soft sets. In view of these developments, this study highlights the concept of 
the possibility m-polar fuzzy soft set as a novel and powerful model for analyzing and 
optimally selecting water-based power plants based on their key characteristics, such as 
energy efficiency, environmental impact, economic cost, safety, and sustainability. 

The results of these analyses are evaluated using the proposed criterion, through which 
a fuzzy soft set–based decision is obtained by considering the values of all evaluation 
results associated with the different water-based power plant alternatives. These 
alternatives include ydroelectric, wave, and tidal range power plants, which are assessed 
through multiple criteria related to their technical performance, environmental impact, 
economic cost, safety, and sustainability. This framework allows a comprehensive and 
systematic comparison among the various types of water-based power generation 
systems. On the theoretical side, Majumdar and Samanta [6] introduced the concept of 
generalized fuzzy soft sets, which was followed by extensive studies on advanced 
extensions such as generalized multi-fuzzy soft sets [7], generalized intuitionistic fuzzy 
soft sets [8, 9], generalized fuzzy soft expert sets [10], and generalized interval-valued 
fuzzy soft sets [11]. More recently, Zhu and Zhan [12] proposed the concept of fuzzy-
parameterized fuzzy soft sets with applications in decision-making problems, while Zhao 
et al. [13] introduced a novel decision-making approach based on intuitionistic fuzzy soft 
sets. Furthermore, Deli [14] presented the concept of interval-valued neutrosophic soft 
sets and demonstrated its applicability in decision making. In addition, Fatimah et al. [15, 
16] extended the existing models by introducing N-soft sets, as well as hybrid models 
such as interval-valued fuzzy soft sets and (dual) probabilistic soft sets. In view of these 
developments, this study highlights the concept of the possibility m-polar fuzzy soft set as 
a new and effective decision-making model that is well suited for the evaluation and 
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optimal selection of water-based power plants based on their key characteristics, 
including energy efficiency, environmental sustainability, capital and maintenance costs, 
implementation time, safety risks, and waste management issues. Let  𝐸  be a non-empty 
finite set of attributes (parameters, characteristics or properties) which the objects in  𝑈   
possess and let  𝑃(𝑈)  denote the family of all subsets of  𝑈 . Then a soft set is defined 
with the help of a set-valued mapping as given below: 

Definition 2.1.1 (Molodtsov [6]) A pair  (𝐹, 𝐴)   is called a soft set over  𝑈 , where  𝐴 ⊆ 𝐸   
and  𝐹: 𝐴 → 𝑃(𝑈)  is a set-valued mapping. In other words, a soft set  (𝐹, 𝐴)  over  𝑈  is a 

parameterized family of subsets of  𝑈  where each parameter  e  A  is associated with 

a subset  Fe  of  𝑈 . The set  𝐹(𝑖)  contains the objects of  𝑈  having the property  𝑖  and 
is called the set of 𝑖-approximate elements in  (𝐹, 𝐴). 

Definition 2.1.2 (Chen, Li and   Koczy, [17,18])   Elements ([0,1]𝑚)𝑋 the set of all 
mappings from 𝑋  to  [0,1]𝑚 with the point – wise order are called an  𝑚-polar fuzzy sets, 

such that  𝑚 is an arbitrary cardinality.  A subset 𝒜 = {𝒜𝑘}𝑘∈𝐾 ⊆ ([0,1]𝑚)𝑋 (or a mapping 

𝒜:𝐾 → ([0,1]𝑚)𝑋 satisfying  𝒜(𝑘) = 𝒜𝑘    ∀ 𝑘 ∈ 𝐾 ) is called an an  𝑚-polar fuzzy soft set 

on 𝑋. 

Example 2.1.1 Let 𝑋 = {𝑎1, 𝑎2}  be a two element set,  𝐼 = {𝑖1, 𝑖2, 𝑖3} be a four element 

set, the 2-polar fuzzy soft set 𝒜 ∈ [([0,1]2)𝑋 × ([0,1]2)𝑋]𝐼 defined by: 

𝒜(𝑎1) = {
(0.6,0.4)

𝑖1
,
(0.24,0.5)

 𝑖2
,
(0.9,0.3)

𝑖3
} 

𝒜(𝑎2) = {
(0.90,0.987)

𝑖1
,
(0.654,0.123)

 𝑖2
,
(0.897,0.879)

𝑖3
} 

Definition 2.3 Let  {𝒜𝑘}𝑘∈𝐾 ∈ [([0,1]
𝑚)𝑋]𝐼𝑘 . Define m-polar fuzzy soft sets  

 ⋁{𝒜𝑘}𝑘∈𝐾 = max  {𝒜𝑘}𝑘∈𝐾   and    ⋀{𝒜𝑘}𝑘∈𝐾 = min  {𝒜𝑘}𝑘∈𝐾 . 

   
3. ANALYSES OF WATER STATIONS 

In the next table explains the Analyses of power plants and the degree of all to state the 
optimal power plant, this degree is reality degree. Table 1, figures 1 and 2. Explains 
Analyses of power plants. (In table 1, figure 1, table 2 and figure 2.  We analysis a power 
plants from reality values of the stations) 

Table (1): Comparison Approach for Water Treatment Plants (Main Properties) 

Water Treatment Plant Type 
Water Source 

Suitability 
Capital 

Cost 
Maintenance 

Cost 
Energy 

Consumption 
Environmental 

Impact 

Surface Water Treatment Plants 
(SWTP) 

0.8 0.6 0.5 0.4 0.5 

Groundwater Treatment Plants 
(GTP) 

0.7 0.4 0.3 0.3 0.3 
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Seawater Desalination (RO) (SD 
–RO) 

1.0 0.9 0.7 0.9 0.8 

Thermal Desalination 
(MSF/MED) (TD - MSF/MED) 

1.0 1.0 0.8 1.0 0.9 

Wastewater Treatment – 
Secondary (WTS) 

0.6 0.5 0.5 0.4 0.4 

Tertiary Treatment Plants (TTP) 0.9 0.7 0.6 0.5 0.3 

Industrial Water Treatment 
Plants (IWTP) 

0.7 0.8 0.7 0.7 0.7 

Stormwater Treatment Plants 
(STP) 

0.5 0.3 0.2 0.2 0.2 

Sludge / Advanced Reuse 
Treatment Plant (SRTP) 

0.9 35 13.0 0.7 0.9 

 

 

Figure 1: Analyses of Water stations 

Table (2): Comparison Approach for Water Treatment Plants (Operational 
Properties) 

Water Treatment Plant Type 
Treatment 
Efficiency 

Implementation 
Time 

Cost 
(Cent/m³) 

Operational 
Risk 

Waste 
Generation 

Surface Water Treatment Plants 
(SWTP) 

0.5 18 6.5 0.4 0.4 

Groundwater Treatment Plants 
(GTP) 

0.4 15 5.5 0.3 0.3 

Seawater Desalination (RO) (SD 
–RO) 

0.9 30 12.5 0.6 0.7 

Thermal Desalination 
(MSF/MED) (TD - MSF/MED) 

1.0 45 15.0 0.7 0.8 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 69 Issue 04 | 2026 
DOI: 10.5281/zenodo.19722386 

 

Apr 2026 | 50 

Wastewater Treatment – 
Secondary (WTS) 

0.6 20 7.0 0.4 0.5 

Tertiary Treatment Plants (TTP) 0.7 25 9.0 0.5 0.5 

Industrial Water Treatment 
Plants (IWTP) 

0.8 28 10.5 0.6 0.7 

Stormwater Treatment Plants 
(STP) 

0.3 12 4.5 0.3 0.3 

Sludge / Advanced Reuse 
Treatment Plant (SRTP) 

0.9 35 13.0 0.7 0.9 

 

 

Figure 2: Analyses of Water stations 

3.1. Optimal alternative for Water stations by 𝒎-polar fuzzy soft set 

In this study, we selected a comprehensive set of water treatment plants, including 
surface water treatment plants, groundwater treatment plants, RO seawater desalination 
plants, thermal desalination plants (MSF/MED), secondary wastewater treatment plants, 
tertiary wastewater treatment plants, industrial water treatment plants, stormwater 
treatment plants, and sludge or advanced reuse treatment plants.  

The main objective of this study is to determine the optimal alternative for the suitability 
and efficient operation of water treatment plants under a variety of evaluation criteria. 
These criteria include water quality, capital cost, maintenance cost, energy consumption, 
environmental impact, waste generation, implementation time, operational efficiency, 
operational risk, and space or infrastructure requirements.  
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To properly handle the uncertainty and imprecision associated with evaluating multiple 
alternatives, the M-polar fuzzy soft set method is employed. This approach allows a 
systematic and rigorous analysis of the performance of all selected water treatment plants 
according to the aforementioned criteria.  

By applying this methodology, all types of water treatment plants—surface water, 
groundwater, RO seawater desalination, thermal desalination (MSF/MED), secondary 
and tertiary wastewater treatment, industrial water treatment, stormwater treatment, and 
sludge or advanced reuse treatment plants—are evaluated comprehensively across the 
ten criteria, enabling the identification of the most suitable and effective water treatment 
plant for a given context. 

Let  the set 𝑋 = {𝛼1, 𝛼2, 𝛼3, 𝛼4, 𝛼5 , 𝛼6, 𝛼7, 𝛼8, 𝛼9}  express about the  Water stations 
(Surface water treatment plant, Groundwater treatment plant, RO Seawater desalination 
plant, Thermal desalination plant (MSF/MED), Secondary wastewater treatment plant, 
Tertiary wastewater treatment plant, Industrial water treatment plant, Stormwater 
treatment plant, Sludge or advanced reuse treatment plant)  with the parameters  𝐼 =
{𝜌1, 𝜌2, 𝜌3, 𝜌4, 𝜌5, 𝜌6, 𝜌7, 𝜌8, 𝜌9, 𝜌10}   

where 𝜌1 stands for Water Source Suitability, 𝜌2 stands for Capital Cost, 𝜌3 stands for 

Maintenance Cost, 𝜌4 stands for Energy Consumption, 𝜌5 stands for Environmental 
Impact, 𝜌6 stands for Energy Consumption, 𝜌7 stands for Implementation Time, 𝜌8 stands 
for Cost (Cent/m³), 𝜌9 stands for Operational Risk, and 𝜌10 stands for Waste Generation. 
these parameters are important with degree.  

We will now formulate an algorithm to solve the decision-making problem as described 
below 
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Table 3: Key values and criteria for different types of water treatment plants, 
including water source suitability, energy consumption, capital cost, maintenance 
cost, environmental impact, implementation time, cost (Cent/m³), operational risk, 

and waste generation 

(Table 3, Follow Table 3  and Figure 3  illustrate and explain the main values and criteria 
for different types of water treatment plants with respect to water source suitability, energy 
consumption, capital cost, maintenance cost, environmental impact, implementation time, 
cost (Cent/m³), operational risk, and waste generation.)  

Water Treatment Plant 
Type 

Water Source 
Suitability 

Capital 
Cost 

Maintenance 
Cost 

Energy 
Consumption 

Environmental 
Impact 

Surface Water 
Treatment Plants 
(SWTP) 

0.80 0.60 0.50 0.50 0.40 

Groundwater Treatment 
Plants (GTP) 

0.70 0.40 0.30 0.40 0.30 

Seawater Desalination 
(RO) (SD –RO) 

1.00 0.90 0.70 0.90 0.80 

Thermal Desalination 
(MSF/MED) (TD - 
MSF/MED) 

1.00 1.00 0.80 1.00 0.90 

Wastewater Treatment 
– Secondary (WTS) 

0.60 0.50 0.50 0.60 0.40 

Tertiary Treatment 
Plants (TTP) 

0.90 0.70 0.60 0.70 0.30 

Industrial Water 
Treatment Plants 
(IWTP) 

0.70 0.80 0.70 0.80 0.70 

Stormwater Treatment 
Plants (STP) 

0.50 0.30 0.20 0.30 0.20 

Sludge / Advanced 
Reuse Treatment Plant 
(SRTP) 

0.90 0.90 0.80 0.90 0.90 

 

Water Treatment Plant 
Type 

Treatment 
Efficiency 

Implementation 
Time (Months) 

Cost 
(Cent/m³) 

Operational 
Risk 

Waste 
Generation 

Surface Water Treatment 
Plants (SWTP) 

0.85 0.60 0.43 0.40 0.40 

Groundwater Treatment 
Plants (GTP) 

0.80 0.50 0.36 0.30 0.30 

Seawater Desalination 
(RO) (SD –RO) 

0.95 0.67 0.89 0.60 0.70 

Thermal Desalination 
(MSF/MED) (TD - 
MSF/MED) 

0.95 1.00 1.00 0.70 0.80 

Wastewater Treatment – 
Secondary (WTS) 

0.75 0.44 0.50 0.40 0.50 
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Tertiary Treatment Plants 
(TTP) 

0.90 0.56 0.60 0.50 0.50 

Industrial Water 
Treatment Plants (IWTP) 

0.88 0.62 0.70 0.60 0.70 

Stormwater Treatment 
Plants (STP) 

0.70 0.33 0.30 0.30 0.30 

Sludge / Advanced Reuse 
Treatment Plant (SRTP) 

0.90 0.78 0.87 0.70 0.90 

 

 

(Table 4 and Figure 4 illustrate and explain the main values and criteria for water 
treatment plants with respect to water source suitability, treatment efficiency, capital cost, 
maintenance cost, environmental impact, implementation time, cost (Cent/m³), 
operational risk, and waste generation.) 
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Figure 4: Illustrate and explain the main values and criteria for water treatment 
plants with respect to water source suitability, treatment efficiency, capital cost, 
maintenance cost, environmental impact, implementation time, cost (Cent/m³), 

operational risk, and waste generation 

Tree of experts in water plants gives the degree of equality of the alternative 𝐼 =
{𝑖1, 𝑖2, 𝑖3, 𝑖4, 𝑖5 , 𝑖6, 𝑖7, 𝑖8, 𝑖9 , 𝑖10}  for the water plants. And the data provided by the 

committee for decision-making use is the following 3-polar fuzzy soft set  𝒜 ∈
[([0,100]3)𝐼]𝑋 = [([0,100]3)𝑋]𝐼 = ([0,100]3)𝐼×𝑋 = ([0,100]3)𝑋×𝐼 defined by:   

Table 5: Triangular Values of Water Treatment stations (𝒊𝟏–𝒊𝟓( 

WS 𝒊𝟏 𝒊𝟐 𝒊𝟑 𝒊𝟒 𝒊𝟓 

𝑥1 (7.0, 7.1, 7.2) (6.0, 6.1, 6.2) (5.0, 5.1, 5.2) (6.0, 6.1, 6.2) (4.8, 4.9, 5.0) 

𝑥2 (6.7, 6.8, 6.9) (5.8, 5.9, 6.0) (5.3, 5.4, 5.5) (5.7, 5.8, 5.9) (4.9, 5.0, 5.1) 

𝑥3 (7.3, 7.5, 7.6) (6.3, 6.5, 6.6) (5.5, 5.7, 5.8) (6.1, 6.3, 6.4) (5.0, 5.2, 5.3) 

𝑥4 (6.8, 6.9, 7.0) (5.9, 6.0, 6.1) (5.3, 5.5, 5.6) (5.9, 6.0, 6.1) (4.7, 4.8, 4.9) 

𝑥5 (7.2, 7.3, 7.4) (6.1, 6.2, 6.3) (5.5, 5.6, 5.7) (6.0, 6.2, 6.3) (5.0, 5.1, 5.2) 

𝑥6 (6.9, 7.0, 7.1) (5.7, 5.8, 5.9) (5.2, 5.3, 5.4) (5.8, 5.9, 6.0) (4.6, 4.7, 4.8) 

𝑥7 (7.4, 7.4, 7.5) (6.3, 6.4, 6.5) (5.7, 5.8, 5.9) (6.3, 6.4, 6.5) (5.2, 5.3, 5.4) 

𝑥8 (6.6, 6.7, 6.8) (5.6, 5.7, 5.8) (5.1, 5.2, 5.3) (5.5, 5.7, 5.8) (4.5, 4.6, 4.7) 

𝑥9 (7.5, 7.6, 7.7) (6.5, 6.6, 6.7) (5.8, 5.9, 6.0) (6.4, 6.5, 6.6) (5.3, 5.4, 5.5) 
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Table 6: Triangular Values of Water Treatment stations (𝒊𝟔–𝒊𝟏𝟎( 

WS 𝒊𝟔 𝒊𝟕 𝒊𝟖 𝒊𝟗 𝒊𝟏𝟎 

𝑥1 (7.6, 7.68, 7.7) (5.4, 5.5, 5.6) (5.6, 5.65, 5.7) (4.4, 4.5, 4.6) (5.0, 5.1, 5.2) 

𝑥2 (7.1, 7.2, 7.3) (5.7, 5.8, 5.9) (5.2, 5.3, 5.4) (4.6, 4.7, 4.8) (5.2, 5.3, 5.4) 

𝑥3 (7.8, 8.0, 8.2) (5.4, 5.6, 5.7) (5.6, 5.8, 5.9) (4.7, 4.9, 5.0) (4.9, 5.0, 5.1) 

𝑥4 (7.3, 7.5, 7.6) (5.6, 5.7, 5.8) (5.5, 5.6, 5.7) (4.5, 4.6, 4.7) (5.1, 5.2, 5.3) 

𝑥5 (7.6, 7.8, 7.9) (5.8, 5.9, 6.0) (5.6, 5.7, 5.8) (4.7, 4.8, 4.9) (5.3, 5.4, 5.5) 

𝑥6 (7.2, 7.3, 7.4) (5.5, 5.6, 5.7) (5.3, 5.4, 5.5) (4.4, 4.5, 4.6) (5.0, 5.1, 5.2) 

𝑥7 (8.0, 8.1, 8.2) (5.9, 6.0, 6.1) (5.8, 5.9, 6.0) (4.9, 5.0, 5.1) (5.4, 5.5, 5.6) 

𝑥8 (6.9, 7.0, 7.1) (5.4, 5.5, 5.6) (5.1, 5.2, 5.3) (4.3, 4.4, 4.5) (4.9, 5.0, 5.1) 

𝑥9 (8.1, 8.2, 8.3) (6.0, 6.1, 6.2) (5.9, 6.0, 6.1) (5.0, 5.1, 5.2) (5.5, 5.6, 5.7) 

Where  𝒜(𝑥1)(𝑖1) = (7.0, 7.1, 7.2)  means that the renewable of Water station 𝑥1 (Surface 

Water Treatment)   is given by expert 1 (resp., by expert 2, by expert 3) is  7.0  (resp.,7.1,
7.2); that means that the power plant 𝑥1 (Surface Water Treatment) is not renewable,   the 

meanings of  𝒜(𝑥𝑠)(𝑖𝑡) can be explained by the same fashion (𝑠 = 1,2,3,4,5,6,7,8,9;    𝑡 =
1,2,3,4,5,6,7,8,9,10).  

To find the best choice from  𝑋,  let us first compute the 3-polar fuzzy set 𝒜̅ ∈ ([0,10]3)𝑋, 

defined by 𝑃𝑘°𝒜̅ = 10 ∧ ∑ 𝑝𝑘°𝒜(𝑥)     ( ∀ 𝑥 ∈ 𝑋),𝑖∈𝐼   where 𝑝𝑘: [0,100]
3 → [0,100] is the 𝑘-

the projection (𝑘 =1,2,3).    

𝑃1(𝑥1) = 100 ∧ (7.0 + 6.7 + 7.3 + 6.8 + 7.2 + 6.9 + 7.4 + 6.6 + 7.5) = 100 ∧ 63.4= 63.4.  

Similarly, 

Table 7:  Explain the final values of compute the 3-polar fuzzy set𝓐̅ ∈ ([𝟎, 𝟏𝟎𝟎]𝟑)𝑿, 

defined by 𝒑𝒌°𝓐̅ = 𝟏𝟎𝟎 ∧ ∑ 𝒑𝒌°𝓐(𝒙)     ( ∀ 𝒙 ∈ 𝑿),𝒊∈𝑰   where 𝐩𝐤: [𝟎, 𝟏𝟎𝟎]
𝟑 → [𝟎, 𝟏𝟎𝟎] is 

the 𝒌-the projection (𝒌 =1, 2, and 3) 

WS 𝑷𝟏 𝑷𝟐 𝑷𝟑 

𝑥1 63.4 64.3 65.2 

𝑥2 54.2 55.2 56.1 

𝑥3 48.4 49.5 50.4 

𝑥4 54.7 54.9 55.8 

𝑥5 44.0 44.0 45.9 

𝑥6 67.6 68.78 68.7 

𝑥7 50.7 52.7 53.6 

𝑥8 49.6 51.55 51.4 

𝑥9 41.5 42.5 43.4 

𝑥10 46.3 46.2 48.1 
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Therefore,  

𝒜̅ =

{
  
 

  
 
(63.4, 64.3, 65.2)

𝑥1
,
(54.2, 55.2, 56.1)

𝑥2
,
(48.4, 49.5, 50.4)

𝑥3

,
(54.7, 54.9, 55.8)

𝑥4
,
(44.0, 44.0, 45.9)

𝑥5
,
(67.6, 68.78, 68.7)

𝑥6
,

(50.7, 52.7, 53.6)

𝑥7
,
(41.5, 42.5, 43.4)

𝑥8
,
(46.3, 46.2, 48.1)

𝑥9 }
  
 

  
 

 

Based on the weigh vector  𝑒→ = (1.00, −10.00,−100 )𝑇. We compute the score 𝑆(𝑥) =
𝒜(𝑥)𝑒→ for each  𝑥 ∈ 𝑋 . Then:  

𝑆(𝑥1) = (63.4, 64.3, 65.2)  𝑒
→ =  63.4× 1.00 + 64.3 × (-10.0) + 65.2 × (-100.0) = -7099.6 

By the Model we complete to get, 

WS 𝑺(𝒙𝒊) 

𝑥1 -7099.6 

𝑥2 -6107.8 

𝑥3 -5486.6 

𝑥4 -6074.3 

𝑥5 -4986.0 

𝑥6 -7490.2 

𝑥7 -5836.3 

𝑥8 -4723.5 

𝑥9 -5225.7 

 As 𝑆(𝑥8) = -4723.5.5, then  

(Stormwater Treatment) under the values of  water treatment plants with respect to water 
source suitability, treatment efficiency, capital cost, maintenance cost, environmental 
impact, implementation time, cost (Cent/m³), operational risk, and waste generation  have 
the highest value, the best choice by experts should be Surface Water Treatment is 
suitability of  water stations  based on m3-polar Fuzzy soft set. Depended on these 
results, we can rearrangement the power plant according to equality as: 

Table 8: Explain the rearrangement the water stations according to equality 

WS 𝑺(𝒙𝒊) 
Stormwater Treatment -4723.5 

Secondary Wastewater -4986.0 

Sludge Advanced Reuse -5225.7 

RO Seawater Desalination) -5486.6 

Industrial Water Treatment -5836.3 

Thermal Desalination (MSF/MED) -6074.3 

Groundwater Treatment -6107.8 

Surface Water Treatment -7099.6 

Tertiary Wastewater -7490.2 
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Figure 5: Explain the rearrangement the water stations according to equality 
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