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Abstract: The global water issue is caused by a number of factors, including extreme weather, 

population increase, and industrial activity. One of the reasons we're running out of water as a planet 

is because of the outdated take-make-use-throw-away linear paradigm of handling water. It has been 

suggested that the circular economy may help alleviate water shortages by inspiring a fundamental 

change in municipal water infrastructure. Reduced consumption, recovered natural resources, and 

minimal waste are the three pillars of a circular water supply. A dispersed water supply is more 

adaptable and robust than a centralized one because it gives communities more time to be ready for 

emergencies. Nonetheless, there have been no extensive studies of the most important elements that 

influence the choice to build distributed water supplies. In order to better inform the planning 

process, this research seeks to identify critical selection factors that influence the evaluation of viable 

choices. This study proposed the triangular neutrosophic set with the Decision-Making Trial and 

Evaluation Laboratory (DEMATEL) method to compute the weights of criteria. The neutrosophic set 

is used to deal with uncertain data.  

Keywords: Triangular Neutrosophic Set; Water Management; Distributed Circular Water;  

DEMATEL Method. 

 

 

1. Introduction 

By 2020, 3.6 billion individuals will still be without availability to basic sanitation and 2 billion 

would be without safe drinking water. By 2030, the gap between global water needs and supply is 

expected to widen to 40 percent. This means that just 81% of people will have availability to clean 

drinking water by the year 2030, leaving an estimated 1.6 billion individuals in need. Global warming, 

population increase, and the demands of agriculture and industry all contribute to a global water 

crisis.  

For instance, the water cycle is being impacted by climate change-related phenomena including 

rising global temperatures and severe weather occurrences. There will be a greater need for reliable 

water management systems when the world's population approaches 9.8 billion in 2050. Commercial 

operations, which account for 19% of global water usage, produce wastewater that may be dumped 

without sufficient therapy, further endangering the world's already dire water situation [1, 2]. 

Problems with water supply may have far-reaching effects on economies, ecosystems, and 

societies, making them critically important to people everywhere. Increasing urbanization brings 

with it a host of water-related difficulties that need a rethinking and rebuilding of urban water 
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infrastructure. In light of the present water crisis, proponents of the sustainable economy have 

pushed for its implementation as a means of shifting the existing water policy mindset. A "take-make-

use-dispose" linear framework is often used for the administration of water resources. To put it 

another way, it is already difficult to get access to securely managed water supplies using the 

conventional linear strategy since water is repeatedly removed without being replaced[3]–[5].  

For both financial and ecological reasons, the linear fluid paradigm must be abandoned. 

However, a circular economy strategy may provide a more sustainable, egalitarian, resilient, and 

effective means of addressing water-related issues. Reducing waste, reusing materials, and cutting 

down on consumption are all positive outcomes that might result from implementing circular 

economy ideas into urban water supplies [6, 7]. 

There has been growing interest in studying circular water structures due to the potential 

advantages of adopting such a paradigm. Scientists have created a broad range of centralized and 

distributed circular water structures using state-of-the-art technology. Centralized water systems 

may meet more demand, but they are more expensive to set up and take longer to begin providing 

service.  

Large-scale water infrastructure is less likely to replenish supplies and uses more power. In 

contrast, establishing decentralized water supplies takes less time and money and may be tailored to 

meet the specific requirements of a certain neighborhood or community. Cities may better prepare 

for stresses and shocks when dispersed systems continue to operate as intended even when a 

centralized system is disturbed. Therefore, the focus of this study is on the implementation of 

decentralized, closed-loop water systems on a community level [8, 9]. 

 

2. Water Systems 

There have been enormous advantages to cities from the traditional, centralized approach of 

urban water management, which brings 'large pipes in' from numerous water supplies to urban areas 

and pushes 'huge pipes out' to discharge urban effluent. Cities across the globe benefit from this "hard 

path" of water in many ways, including a steady supply of clean water, better health care, more 

effective wastewater treatment, and streamlined administration. However, there are several risks and 

costs associated with this route, including ecological damage, societal interference, and high cost of 

capital.  

Water availability is shifting rapidly as a result of the impact of global warming on various water 

source types as well as aging, increasingly vulnerable, large facilities inadequate leadership 

structures, limited financing possibilities for new infrastructure projects, and other factors. Threats 

on the supply side, such as growing urbanization, demographic shifts, and altered client behaviors, 

are frequently not handled by responsive policy adjustments [10, 11]. 

In light of this, urban areas are beginning to realize they must rethink their approach to water 

management and undertake a radical reimagining of their use of freshwater. As a substitute to the 

traditional linear management approach, which relies on a big central architecture and a limited 

number of decentralized water solutions applied at various spatial scales inside the city, a new, 

circular flow of water is envisaged.  

Decentralized neighborhood-level measures are planned to supplement the distribution system 

with regional supplies like rainwater or the soil, and to regenerate wastewater to cover some of the 

urban demands, in addition to water-aware appliances used in individual homes to reduce individual 

demands. By integrating numerous distributed technological advances options, this circular urban 

water supply system decreases, recycles, and reclaims, as opposed to the traditional model of 

extracting, transporting, and disposing of wastewater. The proposed paradigm change is very 

reminiscent of bigger socio-economic shifts that attempt to achieve sustainability, like the 

development of a system of circular economy [12, 13]. 
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This desired decentralization of urban fluid, however, will not come without difficulty, as it 

introduces a greater degree of network complexity and necessitates collaboration and co-design of 

efficient execution and uptake models among sectoral organizations, water utilities, neighborhoods, 

and businesses. Also, the complex interplay among various decentralized technologies at various 

scales and across various urban water cycle areas, like potable water, sewage, and stormwater, must 

be factored into decision support systems that were originally developed with the assumption of a 

centralized, outside-provided water system [14, 15]. 

 

3. Circular Water Economy   

Water's significance as a public good essential to human survival and an essential human right 

cannot be emphasized. Agricultural output, energy generation, industrial output, and manufacturing 

output all rely on water to function. It is fundamental to equitable growth since it has roots in 

economic, ecological, and social variables. Conflicts and economic instability, particularly in sectors 

that supply essential services, may result from unchecked competition for water resources [16, 17].  

The lack of water to cool thermal power stations has had a negative impact on the production 

and quality of crops. People expansion, increasing agricultural activity, urbanization (75% of Europe's 

population now resides in cities and metropolitan regions), and the variable weather induced by 

climate change have all contributed to a worldwide rise in the demand for water. Vanishing snow, 

increasing sea levels, and erratic rainfall patterns are all results of the hydrological cycle being altered 

by the greenhouse gas influence of global warming. The hydrological cycle demonstrates the cyclical 

nature of water; nevertheless, human actions over the last century have impeded the natural flow of 

the planet's water supply [18, 19]. 

  

4. Neutrosophic DEMATEL Method   

The authors of this work utilize neutrosophic Decision-Making Trial and Evaluation Laboratory 

(DEMATEL) to calculate weights and create a causal diagram of causes impacting digitalization in 

distributed circular water. DEMATEL's use of neutrosophic numbers allows it to accommodate 

uncertainties brought on by human choice. However, grey theory and fuzzy logic are often used to 

deal with such issues. It is explained that fuzzy logic has problems with uncertainty and lack of 

membership. Cases in the actual world may be represented as neutrophilic sets, which are 

compilations of decision-making dimensions including truth, indeterminacy, and falsehood. utilized 

extensively in MCDM issues; pioneered the neutrosophic method. In addition, presented and used 

the neutrosophic DEMATEL technique for vendor choice. This research adds to the existing body of 

knowledge by taking a neutrosophic approach to distributed circular water using the DEMATEL 

technique [20]–[24]. Figure 1 shows the proposed method. 
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Figure 1. The neutrosophic DEMATEL method steps. 

 

Step1. Identify the set of criteria. 

Step2. Build the pairwise comparison matrix. 

Step3. Compute the normalized direct relation matrix.  

𝑁 =
1

max ∑ 𝑥𝑖𝑗
𝑚
𝑗

                                                                        (1) 

𝑅 = 𝑁 ∗ 𝑋                                                                           (2) 

Where X refers to the pairwise comparison matrix.  

Step4. Compute the relation matrix.  

𝐿 = 𝑅(𝐼 − 𝑅)−1                                                                      (3) 

Where I refers to the Identity matrix. 

Step5. Compute the causal and effect elements. 

𝐴 = [∑ 𝑙𝑖𝑗
𝑓
𝑗=1 ]

𝑓×1
                                                                     (4) 

𝐵 = [∑ 𝑙𝑖𝑗
𝑓
𝑗=1 ]

1×𝑓
                                                                     (5) 

Step6. Compute the weights of criteria  

𝑤𝑗 =  √(𝐴 + 𝐵)2 + (𝐴 − 𝐵)2                                                            (6) 

 

5. Results and Discussion 

This section introduces the application of the neutrosophic DEMATEL method to compute the 

weights of criteria.  

By recycling and reusing water on a local level, a distributed circular water system may help cut 

down on overall water use and waste. Instead of transporting water from a single location, this 

method recycles the water already present in a given region. 

In the circular water system, wastewater from sources including irrigation systems, factories, 

and toilets is collected, purified, and reused for non-drinking needs. The water is cleansed and reused 

in a natural cycle after being returned to the environment. 

The advantages of this method include: Less water is used because less freshwater is needed 

from a centralized source when water is reused on a local level. Less untreated water is released into 
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the environment thanks to wastewater treatment and reuse, resulting in less pollution. The water 

security of communities is improved when they use water from nearby sources rather than 

depending on distant sources. Less energy is required to transport water from a central source when 

it can be treated and reused on a local level. Because it needs less infrastructure and maintenance, the 

dispersed circular water system may be less expensive than centralized water systems. As a whole, a 

distributed circular water system is an eco-friendlier and effective method of water management that 

may cut down on water waste and save money for communities. 

These are some of the requirements for distributed circular water systems: 

Rainwater, groundwater, and surface water are all good examples of local water supplies that 

might be tapped into by the system. 

The system should be able to treat and recycle wastewater to a high enough level that the 

recycled water is of sufficient quality for its intended use. 

The system needs a well-thought-out distribution network to provide clean water to residents 

quickly and easily. 

Water supply and demand swings may be smoothed out if the system has enough storage space. 

Water quality and quantity should be monitored in real-time, and the system should be 

controlled so that any problems can be addressed immediately. 

Successful implementation of the system requires active community involvement. To make sure 

the community is aware of the system's advantages and is eager to participate, it must have an 

effective communication and engagement plan. 

Considering the initial investment, continuing maintenance cost, and possible cost savings from 

decreased water usage and waste, the system should be economically viable and sustainable. 

Water security can be improved, water consumption can be reduced, and environmental effects 

can be mitigated if a distributed circular water system is planned and built with these goals in mind. 

Also, social, technical, and ecological are criteria used in this paper.  

Applying the steps of the triangular neutrosophic DEMATEL method. Table 1 presents the 

triangular neutrosophic numbers between criteria. Then compute the normalization direct relation 

matrix as shown in Table 2. Then compute the total relation matrix. Then compute the casual and 

effects elements. Then compute the weights of criteria as shown in Figure 2. 
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Table 1. Direct relation matrix 
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Table 2. Normalization direct relation matrix 

 DWC1 DWC2 DWC3 DWC4 DWC5 DWC6 DWC7 DWC8 DWC9 DWC10 

DWC1 0.034187 0.010891 0.010891 0.010891 0.010891 0.010891 0.010891 0.010891 0.010891 0.010891 

DWC2 0.107313 0.034187 0.062818 0.15384 0.15384 0.062818 0.010891 0.103842 0.062818 0.062818 

DWC3 0.107313 0.018605 0.034187 0.103842 0.010891 0.15384 0.15384 0.15384 0.062818 0.15384 

DWC4 0.107313 0.007597 0.011255 0.034187 0.15384 0.103842 0.010891 0.010891 0.15384 0.010891 

DWC5 0.107313 0.007597 0.011255 0.007597 0.034187 0.010891 0.103842 0.062818 0.010891 0.103842 

DWC6 0.107313 0.018605 0.007597 0.011255 0.107313 0.034187 0.062818 0.010891 0.010891 0.010891 

DWC7 0.107313 0.107313 0.007597 0.011255 0.011255 0.018605 0.034187 0.103842 0.010891 0.062818 

DWC8 0.107313 0.011255 0.007597 0.011255 0.018605 0.107313 0.107313 0.034187 0.062818 0.15384 

DWC9 0.107313 0.018605 0.018605 0.007597 0.107313 0.107313 0.107313 0.018605 0.034187 0.010891 

DWC10 0.107313 0.018605 0.007597 0.107313 0.011255 0.107313 0.018605 0.007597 0.107313 0.034187 

 

 

Figure 2. The weights of distributed circular water criteria. 

 

6. Conclusion 

The worldwide water crisis is becoming worse because of things like climate change, population 

growth, and industrial activity. The circular economy has been advocated as a solution to water 

shortage because it can help bring about a fundamental shift in the way water is managed. 

Eliminating waste, recovering assets, and cutting consumption are all possible results of 

incorporating circular economy ideas into urban water supplies. Greater resilience and greater 

service delivery versatility are provided by distributed water supply systems. Distributed systems 

continue to operate in the face of a failure at the central node, giving societies time to be ready for the 

unexpected. This paper used the triangular neutrosophic DEMATEL method to analyze the weights 

of water system criteria. We used the ten criteria in this study. We achieved the treatment capacity as 

the highest criterion. To ensure that recycled water is of sufficient quality for its intended use, a 

distributed circular water system must have sufficient treatment capacity. This is crucial because the 

quality of the recycled water is crucial to the system's performance, and contaminated water may 

have detrimental effects on human health and the surroundings. 
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