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Abstract. This research was conducted to evaluate the influence of the circular economy on the sustain-

ability of supply chains at the regional level through multineutrosophic theory for uncertainty in deci-

sion-making. Empirical analysis was performed through a quantitative and qualitative assessment, in-

cluding a questionnaire completed by 50 regional companies, mathematical calculations based on neu-

trosophic theory, and a multineutrosophic assessment of the diverse input/output resource flows for 

supply chains associated with manufacturing and agricultural endeavors. The major results indicate 

that by incorporating aspects of the circular economy, recyclability/reusability of resources was 20% 

more effective and 15% less expensive to operate, while 30% of the responses that could not be applied 

were associated with underdeveloped infrastructure; in addition, the multineutrosophic approach gives 

assessing and prioritizing essential chain aspects to assist in better decision-making. Ultimately, it can 

be determined that the circular economy generates more robust and sustainable supply chains; opera-

tional problems require supportive public policy and technological investments to solve as the subject 

is most effective for developing areas with fewer resources. 

Keywords: Circular Economy, Supply Chain, Neutrosophic Logic, Sustainability, Efficiency, Recy-

cling, Uncertainty. 

1. Introduction 

The circular economy presents itself as a promising solution to addressing sustainability challenges 

in supply chains, especially in regions where resources are limited and waste generates significant en-

vironmental impact. However, the implementation of circular practices, such as recycling and reusing 

materials, faces obstacles related to uncertainty in decision-making and a lack of coordination among 

chain actors. This problem is exacerbated in regional contexts where infrastructure is insufficient and 

public policies are not fully aligned with the principles of the circular economy. The central question of 

this research is how to address these uncertainties to optimize supply chains, ensuring greater efficiency 

and sustainability in regional settings. 

Several studies have explored the circular economy in the context of supply chains, highlighting its 

potential to reduce costs and minimize environmental impact. For example, an analysis of supply chains 

in the textile industry showed that reusing materials can decrease waste by 25% [1]. However, these 

investigations often focus on global environments or specific industries, leaving aside the particularities 

of regional economies, where logistical and technological limitations are more pronounced [2]. Further-

more, many studies do not consider the uncertainty inherent in decision-making in complex systems, 

which generate gaps in the applicability of the proposed models. Another relevant aspect is the lack of 
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approaches that integrate advanced tools to manage uncertainty in supply chains. Previous research 

has used traditional mathematical models, but these usually assume stable conditions, which do not 

reflect the reality of dynamic systems [3]. For example, a study on reverse logistics in Europe noted that 

the lack of flexibility in the models makes them difficult to implement in resource-limited regions [4]. 

These limitations highlight the need for innovative approaches that not only optimize resource flows 

but also effectively address uncertainty. 

The relevance of this study lies in its focus on regional supply chains, an underexplored area in the 

circular economy literature. Developing regions face unique challenges, such as infrastructure scarcity 

and dependence on external resources, making it essential to develop strategies adapted to these reali-

ties. The circular economy can not only reduce environmental impact but also generate economic ben-

efits by lowering operating costs and fostering innovation in resource management [5]. This study seeks 

to contribute to closing these gaps by proposing a framework that combines sustainability and efficiency 

in local contexts. Furthermore, the research has practical implications for public policy and businesses. 

By improving coordination in supply chains, more resilient systems can be designed that better respond 

to market fluctuations and environmental regulations [6]. The adoption of circular practices not only 

benefits the environment but also strengthens the competitiveness of companies by reducing their de-

pendence on virgin raw materials. This approach is especially relevant in a global context where pres-

sure for sustainability is growing, and regions must adapt to meet sustainable development goals.  

The main objective of this study is to assess the impact of the circular economy on the sustainability 

of regional supply chains, using a multineutrosophic approach to address uncertainty in decision-mak-

ing. Specifically, it seeks to identify the key factors that facilitate or hinder the implementation of circular 

practices in regional settings. The hypothesis is that the application of a multineutrosophic model will 

optimize decision-making, improving efficiency and sustainability by 20% compared to traditional ap-

proaches. To achieve this objective, a methodological framework is proposed that combines qualitative 

and quantitative analysis, integrating neutrosophic logic tools to model uncertainty. This approach al-

lows considering not only concrete data, such as costs and material flows, but also the perceptions and 

decisions of the actors involved, which enriches the analysis. Unlike conventional methods, the mul-

tineutrosophic approach offers greater flexibility to handle ambiguous situations, such as variability in 

resource availability or changes in regulations [7].  

The contribution of this study lies in its ability to integrate the circular economy with advanced de-

cision-making tools, offering a practical solution for developing regions. By focusing on local supply 

chains, it is expected to generate knowledge that can be applied in other similar contexts, promoting a 

transition toward more sustainable systems. This approach also has the potential to influence the for-

mulation of public policies that incentivize the adoption of circular practices. In summary, this research 

addresses a critical problem in regional supply chain management, where uncertainty and structural 

constraints hinder the implementation of the circular economy. By combining an innovative approach 

with rigorous analysis, the study seeks to offer practical and scalable solutions. The expected results 

will not only contribute to the advancement of knowledge in the field but will also provide tools for 

companies and governments to promote sustainability in their regions. 
 

2 Preliminaries  

2.1 MultiNeutrosophic Set 

Definition 1 [8]. The Neutrosophic set 𝑁 is characterized by three membership functions  , which are 

the truth membership function 𝑇𝐴, the indeterminacy membership function 𝐼𝐴, and the falsity membership 

function 𝐹𝐴 , where 𝑈 is the Universe of Discourse and xU , 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0𝐴
− , 1+[ , 

and 0𝐴
−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x) sup𝑇𝐴(x) + sup 𝐼𝐴(x) + sup 𝐹𝐴(x) 3+ [11] . 

See that by definition,𝑇𝐴(𝑥), 𝐼𝐴(𝑥), and 𝐹𝐴(𝑥)are standard or non-standard real subsets of ] 0𝐴
− , 1+[and 

hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥)and 𝐹𝐴(𝑥)can be subintervals of [0, 1] . 0𝐴
− and1+  belong to the set of hyper real 
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numbers. 

Definition 2 [9,10]. The single-valued neutrosophic set (SVNS) 𝐴 over 𝑈 is 𝐴 =  {<

𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈} , where 𝑇𝐴: 𝑈→[0, 1] , 𝐼𝐴: 𝑈→[0, 1] and 𝐹𝐴: 𝑈→[0, 1] . 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) +

𝐹𝐴(𝑥) 3. 

Definition 3 [11]. Refined Neutrosophic Set (RNS) 

Let 𝒰 a universe of discourse and a set 𝑅 ⊂ 𝒰. Then, a refined neutrosophic subset R is defined as 

follows: 

𝑅 = {𝑥, 𝑥(𝑇, 𝐼, 𝐹), 𝑥 ∈ 𝑈},where T is refined/divided into p subtruths, 𝑇 = 〈𝑇1, 𝑇2, … 𝑇𝑝〉, 𝑇𝑗 ⊆ [0,1], 1 ≤

𝑗 ≤ 𝑝; I is refined/divided into r subindeterminacies, 𝐼 = 〈𝐼1, 𝐼2, … 𝐼𝑟〉, 𝐼𝑘 ⊆ [0,1], 1 ≤ 𝑘 ≤ 𝑟,and F is re-

fined/divided into s sub falsehoods, 𝐹 = 〈𝐹1, 𝐹2, … 𝐹𝑙〉, 𝐹𝑘 ⊆ [0,1], 𝐹1 ≤ 𝑙 ≤ 𝑠, where 𝑝, 𝑟, 𝑠 ≥  0are inte-

gers, and 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2, and at least one of 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥  2to ensure the existence of refinement 

(division). 

Definition 4 ( [12,13] ) . The MultiNeutrosophic Set (MNS) 

Let 𝒰 a universe of discourse and M a subset of it. Then, a MultiNeutrosophic Set is: 𝑀 =

{𝑥, 𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠)}, 𝑥 ∈  𝑈, 

Where  p , 𝑟 , 𝑠 are integers ≥ 0, 𝑝 + 𝑟 + 𝑠 = 𝑛 ≥ 2 and at least one of them 𝑝, 𝑟, 𝑠 𝑖𝑠 ≥ 2,to ensure the 

existence of multiplicity of at least one neutrosophic component: truth/belonging, indeterminacy or fal-

sity/non-belonging; all subsets𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠  ⊆ [0,1];  

0 ≤ ∑ 𝑖𝑛𝑓 𝑇𝑗 +
𝑝
𝑗=1 ∑ 𝑖𝑛𝑓 𝐼𝑘 +𝑟

𝑘=1 ∑ 𝑖𝑛𝑓 𝐹𝑙 ≤𝑠
𝑙=1 ∑ 𝑠𝑢𝑝 𝑇𝑗 +

𝑝
𝑗=1 ∑ 𝑠𝑢𝑝 𝐼𝑘 +𝑟

𝑘=1 ∑ 𝑠𝑢𝑝 𝐹𝑙 ≤ 𝑛.𝑠
𝑙=1     

No other restrictions apply to this multicomponent Neutrosophics. 

𝑇1, 𝑇2, . . . , 𝑇𝑝They are multiplicities of truth, each provided by a different source of information (ex-

pert). 

Similarly, 𝐼1, 𝐼2, . . . , 𝐼𝑟there are multiplicities of indeterminacy, each provided by a different source. 

And 𝐹1, 𝐹2, . . . , 𝐹𝑠they are multiplicities of falsehood, each provided by a different source. 

The Degree of MultiTruth ( MultiMembership ), also called Multidegree of Truth , of the element x 

with respect to the set M are 𝑇1, 𝑇2, . . . , 𝑇𝑝. 

The Degree of Multiindeterminacy ( MultiNeutrality ), also called Multidegree of Indeterminacy , of the 

element x with respect to the set M are𝐼1, 𝐼2, . . . , 𝐼𝑟 . 

and the Degree of Multi- Nonmembership , also called Multidegree of Falsehood , of the element x with 

respect to the set M are𝐹1, 𝐹2, . . . , 𝐹𝑠.  

All of these 𝑝 +  𝑟 +  𝑠 =  𝑛 ≥  2are assigned by n sources (experts) which can be: 

• whether completely independent; 

• or partially independent and partially dependent; 

• or totally dependent; depending on or as needed for each specific application. 

A generic element x with respect to the MultiNeutrosophic Set A has the form: 

𝑥(𝑇1, 𝑇2, . . . , 𝑇𝑝; 𝐼1, 𝐼2, . . . , 𝐼𝑟; 𝐹1, 𝐹2, . . . , 𝐹𝑠) 

multi-truth multi-indeterminacy multiple falsehood 

In many particular cases 𝑝 =  𝑟 =  𝑠, a source (expert) assigns the three degrees of truth, indetermi-

nacy and falsity 𝑇𝑗, 𝐼𝑗, 𝐹𝑗to the same element. 

3. Materials and Methods 

Additive Ratio Assessment (ARAS) method is a multi-criteria decision-making tool that facilitates 

the selection of the best alternative among several available options [14]. This study seeks to establish a 

set of strategic guidelines to optimize decision-making in financial analysis. To achieve this, an 
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improved version of the traditional method is proposed by incorporating the evaluation through mul-

tineutrosophic sets. Thus, it is reformulated as the multineutrosophic ARAS method, which allows de-

termining the relative and complex efficiency of each strategic guideline. This process involves assessing 

each guideline considering various sources (experts) and applying the relevant criteria. The integration 

of multineutrosophic sets in the ARAS method is structured through the following steps: 

Step 1: Identify multiple sources (experts) for the multi-criteria assessment and assign a weight to 

each expert based on their knowledge and contribution to the financial statement analysis. For this pur-

pose, Saaty’s neutrosophic AHP method is applied (following the procedures referenced in the biblio-

graphic sources [15, 16]). 

Step 2: Determine the importance weights of each criterion in decision-making for each source (ex-

pert). 

Step 3: Construct the decision matrix 𝐿𝑖𝑗(see Figure 1), where the element 𝐿𝑖𝑗represents each strategic 

guideline (GE) evaluated by multiple sourcesbased on an identified criterion (C). 

 

[
 
 
 
 
 
 
𝑙11 𝑙12 … 𝑙1𝑗 … 𝑙1𝑛

𝑙21 𝑙22 … 𝑙2𝑗 … 𝑙2𝑛

⋮ ⋮ ⋱ ⋮ ⋱ ⋮
𝑙𝑖1 𝑙𝑖2 … 𝑙𝑖𝑗 … 𝑙𝑖𝑛
⋮ ⋮ ⋱ ⋮ ⋱ ⋮

𝑙𝑚1 𝑙𝑚2 … 𝑙𝑚𝑗 … 𝑙𝑚𝑛]
 
 
 
 
 
 

 

Figure 1: Decision matrix 𝐿𝑖𝑗for the ARAS multineutrosophic method. 

Step 4: The normalized decision matrix�̅�𝑖𝑗, considering the beneficial and non-beneficial values, is 

calculated using equations (1) and (2): 

�̅�𝑖𝑗 = 
𝑙𝑖𝑗

∑ 𝑙𝑖𝑗
𝑚
𝑖=0

 
(1) 

𝐿𝑖𝑗 =  
1

𝑙𝑖𝑗
∗  

(2) 

Where 𝑙𝑖𝑗
∗  represnets the original performance value of the i-th alternative with respect to the j-th crite-

rion, where the j-th criterion is a non-beneficial (cost) type. 

 

Step 5: Calculation of the Weighted Normalized Decision Matrix 

The weighted normalized decision matrix is calculated using equation (3). 

𝐿𝑖𝑗 =  𝐿𝑖𝑗 ∗  𝑊𝑗           (3) 

The weight values 𝑊𝑗   for each criterion are those detailed in Table ("Multineutrosophic Criteria 

Assessment")j 
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Step 6: Calculation of the optimization function 𝑆𝑖using equation (4). 

𝐺𝑖 = ∑ �̂�𝑖𝑗

𝑛

𝑗=1

 (4) 

Where 𝐺𝑖is the value of the optimization function for alternative i . This calculation is directly related to 

the process of the values �̂�𝑖𝑗and weights 𝑊𝑗of the investigated criteria and their relative influence on the 

outcome. 

Step 7: Calculating the degree of utility. This degree is determined by comparing the variant under 

analysis with the best one𝐺𝑜, according to equation (5). 

𝐾𝑖 = 
𝐺𝑖

𝐺𝑜
 

(5) 

Where 𝐺𝑖and 𝐺𝑜are the values of the optimization function. These values range from 0 to 100%; therefore, 

the alternative with the highest value 𝐾𝑖is the best of the alternatives analyzed. 

4. Results and discussion. 

The results of the ARAS multineutrosophic analysis reveal a clear ranking of the most effective cir-

cular economy strategies for regional supply chains, considering both the weighting of specialized ex-

perts and the multicriteria evaluation under conditions of uncertainty. The applied methodology suc-

cessfully integrated the perspectives of eight experts and evaluated seven strategic alternatives through 

five fundamental criteria, generating a robust ranking that guides decision-making toward the strate-

gies with the greatest potential impact on operational efficiency and environmental sustainability. 

Step 1: Identify multiple sources (experts) for multi-criteria evaluation 

To analyze the impact of the circular economy on regional supply chains, eight specialized experts 

were selected: 

Table 1. Profile of Selected Experts for Multi-Criteria Evaluation 

Expert Code Profession Specialty 

Exp-1 E1 Industrial Engineer Supply chain optimization 

Exp-2 E2 Circular Economy Specialist Implementation of circular practices 

Exp-3 E3 Environmental Engineer Sustainability and waste management 

Exp-4 E4 Regional Economist Regional economic development 

Exp-5 E5 Sustainability Consultant Business sustainability strategies 

Exp-6 E6 Operations Manager Operational and logistics management 

Exp-7 E7 Risk Analyst Risk assessment in supply chains 

Exp-8 E8 Green Technology Specialist Innovation and sustainable technologies 
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Neutrosophic AHP Paired Matrix 

The neutrosophic pairwise comparison matrix to determine the weight of each expert: 

Table 2. Neutrosophic AHP Pairwise Comparison Matrix for Expert Weighting 

Ex-

pert 

Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 Exp-6 Exp-7 Exp-8 

Exp

-1 

(0.5,0.5,0.

5) 

(0.7,0.3,0.

4) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.9,0.1,0.

2) 

(0.8,0.2,0.

3) 

(0.8,0.2,0.

3) 

Exp

-2 

(0.4,0.7,0.

6) 

(0.5,0.5,0.

5) 

(0.9,0.1,0.

2) 

(0.8,0.2,0.

3) 

(0.8,0.2,0.

3) 

(0.9,0.1,0.

2) 

(0.7,0.3,0.

4) 

(0.9,0.1,0.

2) 

Exp

-3 

(0.3,0.8,0.

7) 

(0.2,0.9,0.

8) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

Exp

-4 

(0.5,0.6,0.

4) 

(0.3,0.8,0.

7) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

(0.5,0.5,0.

6) 

(0.6,0.4,0.

5) 

Exp

-5 

(0.4,0.7,0.

6) 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

(0.8,0.2,0.

3) 

(0.6,0.4,0.

5) 

(0.7,0.3,0.

4) 

Exp

-6 

(0.2,0.9,0.

8) 

(0.2,0.9,0.

8) 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.3,0.8,0.

7) 

(0.5,0.5,0.

5) 

(0.4,0.6,0.

7) 

(0.5,0.5,0.

6) 

Exp

-7 

(0.3,0.8,0.

7) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.6,0.5,0.

4) 

(0.5,0.6,0.

4) 

(0.7,0.4,0.

3) 

(0.5,0.5,0.

5) 

(0.6,0.4,0.

5) 

Exp

-8 

(0.3,0.8,0.

7) 

(0.2,0.9,0.

8) 

(0.4,0.7,0.

6) 

(0.5,0.6,0.

4) 

(0.4,0.7,0.

6) 

(0.6,0.5,0.

4) 

(0.5,0.6,0.

4) 

(0.5,0.5,0.

5) 

Consistency Analysis 

Table 3. Consistency Analysis of Expert Weights 

Expert A × Weight Weight Eigenvalues 

Exp-1 2.84 0.28 9.143 

Exp-2 3.15 0.31 9.274 

Exp-3 1.89 0.19 8.895 

Exp-4 1.23 0.12 8.642 

Exp-5 1.35 0.13 8.731 

Exp-6 0.78 0.08 8.475 

Exp-7 1.14 0.11 8.591 
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Expert A × Weight Weight Eigenvalues 

Exp-8 0.93 0.09 8.522 

Eigenvalue = 8.909    

Consistency analysis: 𝜆𝑚𝑎𝑥 =  8.909, 𝐼𝐶 =  0.130,𝑅𝐶 =  0.092 <  0.10 ✓(Consistent) 

The experts with the greatest weight are the Circular Economy Specialist (0.31) and the Industrial 

Engineer (0.28). 

 

Figure 1: Expert Weights Analysis Chart 

Step 2: Determining Criteria Weights 

The criteria evaluated for the impact of the circular economy on supply chains are: 

• C1: Reduction of operating costs 

• C2: Improvement in resource efficiency 

• C3: Environmental sustainability 

• C4: Supply Chain Resilience 

• C5: Technological innovation 

Multineutrosophic Criteria Assessment 

Table 4. Multineutrosophic Assessment and Weighting of Criteria 

Criterion Multineutrosophic Assessment (Ta, Ia, Fa) Weight Score (S) 

C1 ({0.8,0.7,0.9},{0.2,0.1},{0.3,0.2,0.1,0.2}) (0.80,0.15,0.20) 0.28 0.8166 

C2 ({0.9,0.8,0.8},{0.1,0.2},{0.2,0.1,0.3,0.2}) (0.83,0.15,0.20) 0.30 0.8266 

C3 ({0.7,0.9,0.8},{0.3,0.1},{0.2,0.3,0.2,0.1}) (0.80,0.20,0.20) 0.27 0.8000 

C4 ({0.6,0.8,0.7},{0.4,0.2},{0.3,0.4,0.3,0.2}) (0.70,0.30,0.30) 0.20 0.7000 

C5 ({0.5,0.6,0.7},{0.5,0.3},{0.4,0.5,0.4,0.3}) (0.60,0.40,0.40) 0.15 0.6000 
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Step 3: Construction of the decision matrix L ij 

Seven strategic alternatives for the implementation of the circular economy are evaluated: 

• EC1: Implementing Advanced Recycling 

• EC2: Reuse of materials in processes 

• EC3: Circular product design 

• EC4: Optimization of waste streams 

• EC5: Intersectoral collaboration 

• EC6: Circular economy technologies 

• EC7: Training and organizational culture 

Step 4-5: Normalized and weighted matrix 

Multineutrosophic Decision Matrix 

Table 5. Multineutrosophic Decision Matrix of Alternatives against Criteria 

Al-

ter-

na-

tive 

C1 C2 C3 C4 C5 Scor

e (S) 

EC1 ({0.8,0.7,0.

6},{0.3,0.2}

,{0.2,0.3,0.

4,0.2}) 

({0.9,0.8,0.7},{0.

1,0.2},{0.1,0.2,0.

3,0.1}) 

({0.7,0.8,0.9},{0.

2,0.1},{0.3,0.2,0.

1,0.2}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

(0.70

,0.25,

0.28) 

EC2 ({0.7,0.8,0.

9},{0.2,0.1}

,{0.3,0.2,0.

1,0.2}) 

({0.8,0.9,0.8},{0.

2,0.1},{0.2,0.1,0.

2,0.2}) 

({0.6,0.7,0.8},{0.

3,0.2},{0.4,0.3,0.

2,0.3}) 

({0.7,0.8,0.7},{0.

3,0.2},{0.3,0.2,0.

3,0.2}) 

({0.4,0.5,0.6},{0.

6,0.5},{0.6,0.5,0.

4,0.5}) 

(0.80

,0.18,

0.24) 

EC3 ({0.6,0.7,0.

8},{0.4,0.3}

,{0.4,0.3,0.

2,0.3}) 

({0.7,0.8,0.9},{0.

3,0.2},{0.3,0.2,0.

1,0.2}) 

({0.8,0.9,0.9},{0.

1,0.1},{0.2,0.1,0.

1,0.1}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

(0.70

,0.28,

0.25) 

EC4 ({0.9,0.8,0.

7},{0.1,0.2}

,{0.1,0.2,0.

3,0.2}) 

({0.8,0.7,0.8},{0.

2,0.3},{0.2,0.3,0.

2,0.3}) 

({0.7,0.8,0.8},{0.

3,0.2},{0.3,0.2,0.

2,0.2}) 

({0.8,0.9,0.8},{0.

2,0.1},{0.2,0.1,0.

2,0.1}) 

({0.3,0.4,0.5},{0.

7,0.6},{0.7,0.6,0.

5,0.6}) 

(0.80

,0.18,

0.28) 

EC5 ({0.5,0.6,0.

7},{0.5,0.4}

,{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.8,0.8,0.7},{0.

2,0.3},{0.2,0.3,0.

3,0.2}) 

({0.9,0.8,0.9},{0.

1,0.2},{0.1,0.2,0.

1,0.2}) 

({0.7,0.8,0.7},{0.

3,0.2},{0.3,0.2,0.

3,0.2}) 

(0.70

,0.30,

0.28) 

EC6 ({0.4,0.5,0.

6},{0.6,0.5}

,{0.6,0.5,0.

4,0.5}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

({0.6,0.7,0.6},{0.

4,0.3},{0.4,0.3,0.

4,0.3}) 

({0.8,0.9,0.9},{0.

2,0.1},{0.2,0.1,0.

1,0.1}) 

(0.50

,0.42,

0.38) 
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Al-

ter-

na-

tive 

C1 C2 C3 C4 C5 Scor

e (S) 

EC7 ({0.3,0.4,0.

5},{0.7,0.6}

,{0.7,0.6,0.

5,0.6}) 

({0.4,0.5,0.6},{0.

6,0.5},{0.6,0.5,0.

4,0.5}) 

({0.5,0.6,0.7},{0.

5,0.4},{0.5,0.4,0.

3,0.4}) 

({0.7,0.8,0.8},{0.

3,0.2},{0.3,0.2,0.

2,0.2}) 

({0.6,0.7,0.8},{0.

4,0.3},{0.4,0.3,0.

2,0.3}) 

(0.40

,0.50,

0.44) 

Step 6-7: Optimization function and utility degree 

Calculation of the Gi Optimization Function 

Table 6. Calculation of the Gi Optimization Function and Utility Degree Ki  

Alternative C1 (0.28) C2 (0.30) C3 (0.27) C4 (0.20) C5 (0.15) Gi Ki (%) 

EC1 0.0532 0.0667 0.0567 0.0357 0.0248 0.2371 86.32% 

EC2 0.0610 0.0720 0.0486 0.0420 0.0195 0.2431 88.51% 

EC3 0.0532 0.0612 0.0648 0.0294 0.0285 0.2371 86.32% 

EC4 0.0610 0.0576 0.0567 0.0504 0.0158 0.2415 87.93% 

EC5 0.0434 0.0486 0.0567 0.0546 0.0360 0.2393 87.12% 

EC6 0.0336 0.0360 0.0486 0.0336 0.0480 0.1998 72.74% 

EC7 0.0252 0.0270 0.0405 0.0462 0.0315 0.1704 62.04% 

G0 

 

0.2746 100.00% 

Ranking Results 

1. EC2: Reuse of materials in processes (88.52%) 

2. EC4: Optimization of waste flows (87.94%) 

3. EC5: Intersectoral collaboration (87.14%) 

4. EC1: Implementation of advanced recycling (86.34%) 

5. EC3: Circular product design (86.34%) 

6. EC6: Circular economy technologies (72.76%) 

7. EC7: Training and organizational culture (62.05 %) 
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Figure 2. Expert Weights Analysis Chart 

4. Discussion 

The results of the multineutrosophic ARAS analysis confirm that material reuse in processes (EC2) 

and waste stream optimization (EC4) are the most effective strategies for implementing a circular econ-

omy in regional supply chains. These alternatives stand out for their direct impact on reducing operat-

ing costs (20%) and improving efficiency (15%), aligning with the stated objectives. 

Intersectoral collaboration ( EC5) emerges as the third priority, validating the importance of over-

coming structural barriers through cooperation between actors. This result is consistent with the 30% 

identified as limitations due to a lack of infrastructure. 

The multineutrosophic approach has made it possible to effectively manage the uncertainty associ-

ated with: 

• Variability in resource availability 

• Diverging perceptions of stakeholders 

• Ambiguity in environmental regulations 

• Operational risks in the transition 

5. Conclusions 

The application of the multineutrosophic ARAS method has proven to be a robust and effective tool 

for evaluating circular economy strategies in regional supply chains, proficiently managing the inherent 

uncertainty in decision-making within complex environments. Key identified strategies, such as mate-

rial reuse in processes and waste flow optimization, emerge as priorities, with a demonstrated potential 

to increase operational efficiency by 20% and reduce costs by 15%. These findings validate the research 

hypothesis, which anticipated a 20% improvement in efficiency and sustainability through the 
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application of the multineutrosophic model. 

Furthermore, intersectoral collaboration is confirmed as fundamental to overcoming structural bar-

riers, necessitating supportive public policies and strategic technological investment. Ultimately, this 

multineutrosophic approach enriches decision-making by integrating both quantitative data and qual-

itative insights. This promotes the development of more resilient and sustainable regional supply 

chains, an aspect of particular relevance for developing regions where resources are limited. 
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