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The paper aims to analysis the efficiency of the related criterion for adoptingthe circular economy concepts. The five related criteria, namely sustainabil-ity, resource management, product lifespan, collaboration and partnerships, andtechnology-innovation, are taken into account to formulate the decision-makingmodels. For methodology, interval-valued DEMATEL is considered. Multi expert’sdata sets are taken to reach the final decision. Finally, analysis of the result inan uncertain environment and the scatter diagram to examine the dependencyamong the criteria.Keywords:Circular economy; Financial model-ing; Uncertainty modeling; Intervalnumbers; DEMATEL

1. Introduction

The circular economy (CE) [1, 2] is a revolutionary economic framework intended to optimise re-sources efficiency, minimize waste and enhance sustainability by prolonging the lifespan of products’materials. CE can focus on recycling, reusing and recovering resources, contrary to the conventionallinear ”take-make-dispose” system.In the integration of decision-making into CE [3], unpredictability is created for some criteria likemarket dynamics, variability in material flows and stakeholder desires. Multi-criteria decision-making(MCDM) processes deal with this complicated situation by considering different conflicting criteriaconcurrently. An inquisitive MCDM procedure makes use of tools like interval numbers [4], fuzzy num-bers [5], neutrosophic sets [6] or probabilistic linguistic sets [7] models to manage the imprecision anduncertainty and enable a sturdy system to make decisions in Circular Economy execution.
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1.1 Circular economy and its need

The circular economy [8, 9] is a unique economic model aimed at getting rid of waste [10] andencouraging the ongoing exploitation of resources [11]. The circular economy places more focus ondesigning products for adaptability, reuse, remanufacturing and recycling than the conventional lineareconomy, which follows a ”take-make-dispose” process [12, 13]. It eliminates resource extraction,minimizes environmental harm and cultivates economic resilience by structuring closed-loop systems[14]. A circular economy is critical to ensure sustainable development, reduce ecological impact, andpromote a healthier, more equitable future [15] for all because the entire world deals with some criticalissues like resource depletion, climate change, mounting waste, etc.The circular economy transforms the economy By moving away from a wasteful, linear model toone that highlights resource efficiency, sustainability and regeneration. It decreases pollution andwaste, lowers dependence on finite resources and encourages innovation in different fields like recy-cling, product design and renewable energy. This transition yields new green jobs, builds economicresilience and coordinating development with environmental and social wellness and good health,paving the way for a more sustainable and equitable economic system.
1.2 MCDM method for modeling real world problems

Multi-criteria decision-making (MCDM) methodologies [16] are solid tools for handling real-worldproblems that involve analyzing and choosing among all alternatives based on multiple, often revers-ing criteria. These techniques help decision-makers systematically analyze the analyse difficult sit-uations, prioritize objectives and balance trade-offs. Techniques like the Analytic Hierarchy Process(AHP) [17], Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) [18] and PreferenceRanking Organization Method for Enrichment Evaluation (PROMETHEE) [19] are commonly used tomodel problems in real fields like environmental management, urban planning, business strategy etc.By incorporating diverse stakeholder viewpoints and quantitative data, MCDM processes give struc-tured, transparent and rational solutions to tough decision-making challenges. Now, we give a briefsummary of some significant research work for real-world problems with the MCDM method in Table1.

32



Management Science AdvancesVolume 1, Issue 1 (2024) 31-52
Table 1Some real-world problem on MCDM-based optimization studies

Authors Year MCDMmethods Application Area[20] Morote, A. N. et al. 2011 AHP Application in power production system.[21] Emovon, I. et al. 2020 TOPSIS Analysis of materials for economic production.[22] Saraji, M. K. et al. 2021 SWARA, CRITIC & CO-PRAS Computing the obstacles to designing business model innovation for sus-tainability.[18] Miç, P. et al. 2021 TOPSIS, WASPAS &MULTIMOORA Proper site selection of university.
[23] Nithyanandham, D. etal. 2021 DEMATEL Structuring DEMATEL methodology under bipolar uncertain environment.
[24] Kashyap, A. et al. 2022 DEMATEL Determining the barriers to the implementation of circularity in the alu-minium industry.[25] Mishra, A. R. et al. 2022 COPRAS Application in considering the desalination technology.[26] Ahmadsaraei, M. S. etal. 2022 Delphi, CRITIC & CO-PRAS Application on sustainable supply chain risk in the food packaging industry.
[27] Nyimbili, P. H. et al. 2023 DEMATEL Application to analysis of emergency services and urban fire.[16] Gazi, K. H. et al. 2024 Entropy & VIKOR Location selection for hospital in Saudi Arabia.[17] Mandal, S. et al. 2024 AHP & TOPSIS Choosing the best Ph.D supervisor.[28] Momena, A. F. et al. 2024 CRITIC & MULTI-MOORA Analysis the challenges of supply chain companies.
[29] Adhikari, D. et al. 2024 Entropy & VIKOR Ranking of states in India based on women empowerment.[30] Momena, A. F. et al. 2024 Entropy, WASPAS &CoCoSo Analysis the adaptation challenges of Edge computing model in an educa-tional institute.[31] Biswas, A. et al. 2025 Entropy & WASPAS Site selection for girls hostel in a university campus.[32] Gazi, K. H. et al. 2025 DEMATEL Determine the effective factor for women in sport sector.[33] Biswas, A. et al. 2025 AHP & TOPSIS Site selection for restaurant beside highway.

1.3 Uncertainty in MCDM methods

Unpredictability in Multi-Criteria Decision-Making (MCDM) methodology appears from the infor-mation that is incomplete, imprecise or subjective about criteria weights, preferences or alternatives.This ambiguity may originate from various ambiguous data, human judgment variability, or uncertainexternal factors. Addressing it requires strong technologies, i.e., fuzzy logic [34], interval analysis [17]or probabilistic models [7], which allow for more versatile representations of preferences and criteria.These adaptations raise the reliability and credibility of MCDM results, ensuring more informed andresilient decision-making in complex, real-world circumstances with the help of explicit accounting foruncertainty. Now, we describe some DEMATEL works in an ambiguous or uncertain environment inTable 2.
Table 2Some real-world application of DEMATEL method in uncertain environment

Authors Year Uncertainty Application Area[23] Nithyanandham, D. et al. 2021 Bipolar fuzzy graph Structuring DEMATEL methodology under bipolar uncertain envi-ronment.[27] Nyimbili, P. H. et al. 2023 Linguistic term Application to analysis of emergency services and urban fire.[35] S̆midovnik, T. et al. 2023 Triangular fuzzy number Solve the convergence problem.[36] Eti, S. et al. 2023 T-Spherical fuzzy sets Determine the efficiency of the solar panels for sustainability.[37] Çelik, M. T. et al. 2023 Triangular fuzzy number Analysis the productivity of the tempered glass.[38] Xue, P. et al. 2024 Pentagonal fuzzy numbers Analysis the imported criteria on flood vulnerability assessment.[32] Gazi, K. H. et al. 2025 Pentagonal fuzzy number Determine the effective factor for women in the sports sector.

1.4 Structure of this study

The structure of this research is presented here. The introduction and literature survey of findingthe most important criteria for the circular economy are details discussed in Section 1. Then, the pre-liminaries of mathematical tools, namely interval number with optimization techniques, namely theDEMATEL method, are analysed in Section 2. The criteria selection procedure and a short discussionon it are covered in Section 3. Further, model formulation and data collection process are described
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in Section 4. The numerical simulation and results are discussed in Section 5. Finally, the conclusionand future research road-maps are mentioned in Section 6.
2. Optimization Technique with Mathematical Tool

This section discusses the interval numbers and their properties in detail. Further, the mathemati-cal procedure of the decision-making trial and evaluation laboratory (DEMATEL) method is presentedhere and integrated with the interval numbers to incorporate uncertainty and vagueness.
2.1 Preliminaries of interval numbers as mathematical tool

Interval numbers are fully covered in detail in this section. These are a little different from crisparithmetic. The research papers by Guerra, M. L. et al. [39] and Quevedo J. R. N. [40], respectively,specifically discuss mathematical operations on intervals.
Definition 1. Let us choose, I = [pl, pr] be an interval where pl ≤ pr. Then, we evaluate the middle
point value of this selected interval is as described as follows,

p =
pr + pl

2
and p̂ =

pr − pl

2
(1)

From Equation (1),we can write the interval I as bellow,
pl = p− p̂ and pr = p+ p̂ (2)

So,
I = [pl, pr] = [p− p̂, p+ p̂] (3)

Moreover, the interval can also be written as follows: I = [pl, pr] = (p; p̂). The mathematicalrepresentation of the set of all real intervals is IR and simply I.
Definition 2. Let us choose, I = [−pl,−pr] where −pl ≤ −pr or I = [−pl, pr] where −pl ≤ pr or
I = [0, pr] where 0 ≤ pr or I = [−pl, 0] where pl ≤ 0 be an interval. Then, we evaluate the middle
point value of this selected interval is as described as follows,

p =
pl + pr

2
and |p̂| =

∣∣∣∣∣pl − pr

2

∣∣∣∣∣ (4)
From Equation (4),we can represent the interval I as follows,

pl = p− |p̂| and pr = p+ |p̂| (5)
So,

I = [pl, pr] = [p− |p̂|, p+ |p̂|] (6)
Furthermore, the interval can also be presented as, I = [pl, pr] = (p; |p̂|). And the mathematical

structure of the set of all real intervals is IR and simply I.

Example 1. Consider J = [2, 7] be an interval where 2 be lower and 7 be upper bounds. The interval
number J , can be represent as p = pr+pl

2
= 7+2

2
= 4.5 and p̂ = pr−pl

2
= 7−2

2
= 2.5 then

J = [pl, pr] = (p; p̂) = (4.5; 2.5) (7)
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2.1.1 Arithmetic operation on interval numbers

The arithmetic operations on interval numbers are discussed here. The operations on intervalnumbers are slightly different from crisp numbers since, in interval numbers, the upper bound is al-ways greater than or equal to the lower bound (pr ≥ pl). The arithmetic operations on intervalnumbers are performed as follows:Consider that, A = [xl, xr] = (x; x̂) and B = [yl, yr] = (y; ŷ). Here, x = xl+xr

2
, ĉ = xl−xr

2
,

y = yr+yl

2
and d̂ = yr−yl

2
. Therefore, the initial arithmetic operations on intervals are described as,

(a) Addition of two intervals A and B:

A + B = [xl, xr] + [yl, yr] = [xl + yl, xr + yr] = (x+ y; x̂+ ŷ) (8)
(b) Subtraction of two intervals A and B:

A − B = [xl, xr]− [yl, yr] = [xl − yl, xr − yr] = (x− y; x̂− ŷ) (9)
(c) Scalar multiplication of the interval A :

λA = λ× A = λ× [xl, xr] =

{
[λxl, λxr] ; if λ ≥ 0

[λxr, λxl] ; if λ < 0

= (x; |λ|x̂)
(10)

where λ is a scalar number.
(d) Multiplication of two intervals A and B:

A × B = [xl, xr]× [yl, yr] = [zl, zr] = (z; ẑ) (11)
where zl = min{xlyl, xlyr, xryl, xryr} and zr = max{xlyl, xlyr, xryl, xryr}, z = zr+zl

2
and

ẑ = zr−zl
2

, respectively.
(e) Division of two intervals A and B:

A ÷ B = [xl, xr]÷ [yl, yr] = [zl, zr] = (z; ẑ) (12)
where zl = min{xl

yl
, x

l

yr
, x

r

yl
, x

r

yr
} and zl = max{xl

yl
, x

l

yr
, x

r

yl
, x

r

yr
}, z = zr+zl

2
and ẑ = zr−zl

2
, particu-larly.

The division of two intervals is possible only when 0 not in the second interval B, i.e., o /∈
[yl, yr](= B).

2.1.2 Crispification of interval number

This section describes the crispification process of the interval-valued numbers. Since there is noorder relation between the interval numbers, then for utilized in optimization technique we crispifi-cated the interval number in a scientific way. The crispification of interval numbers is defined as fol-lows:
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Definition 3. Let us choose, I = [pl, pr] be an interval where pl ≤ pr. If γ and δ be two arbitrary
natural numbers. Then, the Crispified value (C(I )) of I is expressed as below,

C(I ) =
γpl + δpr

γ + δ
(13)

Case 1: (Both numbers in an interval are positive)Here, three conditions are considered to find the Crispified value (C(I )) of I , s.t.,
a. If γ < δ, then the value ofC(I ), that is expressed in Equation (13) will be considered. Here,the resulting number will be close to the right-hand number of the considered interval.
b. If δ < γ, then the value ofC(I ), that is expressed in Equation (13) will be considered. Here,the resulting number will be close to the left-hand number of the considered interval.
c. If γ = δ, then the value of C(I ), that is expressed in Equation (13) will be considered. Theresulting number will be the middle number of the considered interval.

Case 2: (Both numbers in an interval are negative)In this case, the choosen interval is I = [−pl,−pr] where −pl ≤ −pr. We can evaluate thecrispified value from the Equation (13). And the three conditions that have already been consid-ered in Case 1, when re-considered in Case 2, have almost the same resulting crispified values.
Case 3: (First number is negative and the another number is positive in an interval)If the considered interval is I = [−pl, pr]where−pl ≤ pr. We can calculate the crispified valuefrom the Equation (13). Then, the three conditions that have already been considered in Case 1and 2 when re-considered in Case 3, have the similar resulting crispified values. When γ < δ,

δ < γ and γ = δ occur, then the required number will be close to the right-hand, left-hand andmiddle number of the considered interval.
Case 4: (First number is zero and the another number is positive in an interval)When the selected interval is I = [0, pr] where 0 ≤ pr. We can evaluate the crispified valuefrom the Equation (13). In this paper, the three conditions that have already been considered inCase 1,2 and 3 when re-considered in Case 4, have the similar resulting crispified values. When

γ < δ, δ < γ and γ = δ occur, then the required number will be close to the right-hand,left-hand and middle number of the considered interval, particularly.
Case 5: (First number is negative and the another number is zero in an interval)Let, the choosed interval is I = [−pl, 0] where −pl ≤ 0. We can compute the crispified valuefrom the Equation (13). Here, the three conditions that have already been considered in Case1,2,3 and 4 when re-considered in Case 5, have the similar resulting crispified values. When

γ < δ, δ < γ and γ = δ occur, then the required number will be close to the right-hand,left-hand and the middle number of the considered interval separately.
Example 2. Let, I = [2, 8] and γ and δ be two arbitrary crisp numbers. Therefore, the Crispified value
of I is designed as below,

C(I ) =
2γ + 8δ

γ + δ
(14)
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Here, if γ = δ = 2, then the Crispified value of I , denoted as C(I ) is,

C(I ) =
(2× 2) + (8× 2)

2 + 2

=
4 + 16

4

=
20

4
=5

(15)

or, If γ = δ = 5, then the value of C(I ) is,

C(I ) =
(2× 5) + (8× 5)

5 + 5

=
10 + 40

10

=
50

10
=5

(16)

Here, the resulting number is 5, which is the middle number in both Equations (15) and (16).
Example 3. Let, I = [−8,−2] and γ and δ be two arbitrary crisp numbers. Therefore, the Crispified
value of I is designed as below,

C(I ) =
(−8)γ + (−2)δ

γ + δ
(17)

If δ = 2 and γ = 5 where, δ < γ. Therefore, the Crispified value of I , defined as C(I ) is,

C(I ) =
((−8)× 5) + ((−2)× 2)

5 + 2

=
−40− 4

7

=
−44

7
=− 6.29

(18)

Here, the resulting number is −6.29, which is close to the left-hand number of the chosen interval
I = [−8,−2].
Example 4. Let, I = [−2, 8] and γ and δ be two arbitrary crisp numbers. Therefore, the Crispified
value of I is designed as below,

C(I ) =
(−2)γ + 8δ

γ + δ
(19)

If γ = 2 and δ = 5 where, γ < δ. So, the Crispified value of I , expressed as C(I ) is,

C(I ) =
((−2)× 2) + (8× 5)

2 + 5

=
−4 + 40

7

=
36

7
=5.14

(20)

where the resulting number is 5.14, which is close to the right-hand number of the considered interval
I = [−2, 8].
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2.2 MCDM Methodology: Decision making trial and evaluation laboratory
(DEMATEL)

The weighted MCDM method, named the decision making trial and evaluation laboratory (DEMA-TEL) technique, is described in the interval numbers in this portion. This process was first proposedby Tzeng, G. et al. in 2007 [41]. This approach uses an impact relationship diagram to identify the keyvariables of a complicated system and convert the interactions between criteria into the cause andeffect group.The DEMATEL methodology uses in vast areas in real life, and here we show some utilization of thismethod, such as in the industrial engineering field with objective data and subjective viewpoints [42],management of supply chain risk [43], the criteria that controlling air traffic performance [44], analysisof emergency services and urban fire [27], web-advertising impact on structural equation modelling(SEM) [45], the impact of online programs [41], investigating the quality of healthcare services [46],choosing the operator for a mobile banking service [47] and many more. In this paper, we use theDEMATEL process in interval numbers. The graphical flowchart of the DEMATEL process is displayed inFigure 2. Here, Table 4 estimates the correlation between the uth with vth criterion, as measured bythe comparison scale, where u, v = 1, 2, . . . , t. Further, f number of decision makers (DMs) gave theirsensible and valuable decision and this is formulated by δth decision maker where δ = 1, 2, . . . , f .Now, the steps of the DEMATET method are executed as below,

Calculate prominence value
(Mu) and relation value (Nu)

Compute direct influence (Gu)and indirect influence (Jv)

Determine the total-relation matrix (E t)

Find the normalize modifieddirect-relation matrix (E n)

Evaluate the caprifica-tion of the aggregateddirect-relation matrix (Ec)

Compute the aggregation ofdirect relation matrix (Eo)

Construct direct relationmatrices (E d) between criteria

Fig. 1. An organisational hierarchy of the DEMATEL process
a. Formulation of the direct relation matrix (Ed):
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Each and every decision maker gives their wise decision in linguistic terms and then, which areconverted to interval numbers. There are f direct relation matrices (Eδ) formulated with t × torder. The dth direct relation matrix (Eδ) structured as

Eδ =



(H11)δ (H12)δ . . . (H1v)δ . . . (H1t)δ
(H21)δ (H22)δ . . . (H2v)δ . . . (H2t)δ... ... . . . ... . . . ...
(Hu1)δ (Hu2)δ . . . (Huv)δ . . . (Hut)δ... ... . . . ... . . . ...
(Ht1)δ (Ht2)δ . . . (Htv)δ . . . (Htt)δ


t×t

(21)

So, by δth DM, every entry represents the ratings of vth criteria with uth criteria. The Equation(21) can also be presented with interval numbers as follows,
(Huv)δ = [

{
(pl1uv)δ, (p

l
2uv)δ, (p

l
3uv)δ, . . . , (p

l
nuv)δ

}
, {(pr1uv)δ, (p

r
2uv)δ, (p

r
3uv)δ, . . . , (p

r
nuv)δ}](22)

b. Aggregation of direct relation matrices (Eo):For further assessment, all f number of direct matrices (Eδ) convert into one direct relationmatrix (Eo) where δ = 1, 2, . . . , f . Combine the every uvth entry of (Huv) and accumulate itwith one direct relation matrix, which is denoted by (Eo) in Equation (23), s.t.,
ϱ(Huv)δ =

[{
(pl1uv)δ + (pl2uv)δ + · · ·+ (plnuv)δ

n

}
,

{
(pr1uv)δ + (pr2uv)δ + · · ·+ (prnuv)δ

n

}]
(23)Then, the direct relation matrix is,

Eo = [Huv]t×t =



H11 H12 . . . H1v . . . H1t

H21 H22 . . . H2v . . . H2t... ... . . . ... . . . ...
Hu1 Hu2 . . . Huv . . . Hut... ... . . . ... . . . ...
Ht1 Ht2 . . . Htv . . . Htt


t×t

(24)

c. Crispification the aggregated direct-relation matrix (Ec):Evaluate the crispified value of the above aggregated direct-relation matrix (Ec) with the help ofcrispified value of every entry of the aggregated direct-relation matrix (Eo) with the already de-scribed formula of crispification in Equation (13). Now, the crispified aggregated direct-relationmatrix (Ec) is,
Ec = [Huv]t×t (25)

d. Normalize the modified direct-relation matrix (En):In this step, we normalize the modified direct-relation matrix Ec and structure the normalizingdirect-relation matrix (En), i.e.,
En = [(Huv)n]t×t =

 Huv

max
1≤u≤t

{∑t
v=1 Huv

}

t×t

(26)

where u, v = 1, 2, . . . , t.
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e. Compute the total-relation matrix (Et):From the normalizing direct-relation matrix (En), the total-relation matrix (Et) id described asbelow,

Et = lim
ι→∞

〈
En + (En)

2 + (En)
3 + · · ·+ (En)

χ
〉

or, Et =En (I − En)
−1 = [Duv]t×t

(27)
In Equation (27), Duv is the uvth entry of the total-relation matrix and I be the identity matrixwith t× t order.

f. Evaluate the direct influence (Gu) and indirect influence (Jv) for the criteria:The sum of uth row entries of the total-relation matrix (Et) is denoted as direct influence value,i.e.,
Gu =

t∑
v=1

Duv (28)
where u = 1, 2, . . . , t.
The sum of vth column entries of this total-relation matrix (Et) is known as indirect influencevalue, i.e.,

Jv =
t∑

u=1

Duv (29)
where v = 1, 2, . . . , t.

g. Calculate sum values:From the data collection, causal diagrams are calculated for each criteria. Then, the prominencevalue (Mu) of every criteria are lies in the horizontal axis and expressed as,
Mu = Gu + Ju =

t∑
v=1

Duv +
t∑

v=1

Dvu (30)
and the relation value (Nu) of every criteria are lies in the vertical axis and determined as,

Nu = Gu − Ju =
t∑

v=1

Duv −
t∑

v=1

Dvu (31)
where u, v = 1, 2, . . . , t.

h. Analysis the efficient criteria:In this final step, the prominence value (Mu) expresses the importance of criteria, that it showsexhibits the degree to which each criterion relates to others. Here, the higher and the lowervalues of Mu indicate that the criteria have more relation with other criteria and the criteriahave less relation with other criteria, respectively.
On the other hand, the relation value (Nu) denotes the kind of relation among the criteria.When the value of this is positive (+ve) and negative (−ve), then the criteria belongs to thecause dispatcher or group; that is the uth criteria influence other criteria and the criteria belongto the effect group or receiver, that is uth criteria influenced by the other criteria, respectively.
Finally, we can draw the causal diagram in XY plane, based on the Mu and Nn values of thecriteria, where u = 1, 2, . . . , t. The causal diagram shows the direct and indirect impact of eachcriteria over the other criteria. Moreover, DMs can establish the threshold value to find thenegligible impact of criteria over the rest.
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i. Determine the threshold value (X t):The threshold value (X t) is evaluated from the total-relation matrix (Et), which is evaluated inEquation (27). It is calculated by Equation (32), as follows:

X t =

∑t
u=1

∑t
v=1 (Xϕψ)

t2
(32)

where u, v = 1, 2, . . . , t.
j. Calculate scatter matrix (S t):The scatter matrix (S t) formulate from the total-relation matrix (Et) and the threshold value

(X t) by using Equation (33), as follows:
uvth entry =

{√ (i.e., entry is relatable) ; if S t ≥ Duv

× (i.e., entry is not relatable) ; if S t < Duv

(33)
where u, v = 1, 2, . . . , t. If the uvth entry of the scatter matrix (S t) is retable (

√
), then the

uth criteria relatable with the vth criteria. Conversely, if the uvth entry of the scatter matrix
(S t) is not retable (×), then the uth criteria not relatable with the vth criteria. Additionally, thescatter diagram drowns from the scatter matrix (S t) to visualize the relationship graph amongthe criteria.

3. Criteria Selection

The criteria of a circular economy are very important [1] for creating an infrastructure which issustainable and resource-efficient. Waste is minimized and resources are preserved by planning forlongevity and reusability. Recycling can pledge materials retain their value, reducing environmentalimpact. Renewable resource use encourages the efficiency of energy and reduces dependence on lim-ited materials. Circular economy models [48–51] drive innovation and economic development whilereducing waste. Balance in the environmental, social and economic areas is ensured by holistic systemthinking. Collaboration enhances responsibility and accelerates the adoption of the circular economysystem. Briefly, these criteria increase sustainable growth and resilience against resource constraintsand environmental glitches. The above criteria are described in detail below, such that,
3.1 Sustainability (Q1):

Sustainability [52] is a key factor of the circular economy as it signifies that resources are usedproperly, the waste remains at a minimum, and the environmental effect of people’s activities is re-duced. In order to preserve ecosystems, conserve natural resources and mitigate climate change, acircular economy fosters sustainable behaviours, such as reuse, recycling and renewable energy. Thisapproach supports longevity and resilience by minimizing dependence on finite resources and struc-turing closed-loop systems that prioritize regeneration over extraction, ultimately enabling a balancedrelationship between economic expansion, social wellness and environmental protection. For moredetails, we can follow the research works [52–55].
3.2 Resource Management (Q2):

Resource management [56] is fundamental thing to the circular economy as it assures the reliableand responsible use of substances throughout their lifecycle, lowering waste and saving natural re-sources. This can be done by emphasizing methods like sustainable sources, material reuse, waste
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recycling, and environmentally friendly purchasing. In order to facilitate resilience and sustainableproduction and consumption, the creation of closed-loop systems, in which resources are continu-ously in the circular economy, is also made possible. It can construct effective resource management,which is the backbone of a circular economy while maintaining total ecological balance. More studieson resource management describe the following articles [57–59].
3.3 Product Lifespan (Q3):

Product lifespan [60] is very important for the circular economy as extending the life of productsminimizes the need for newly acquired resource extraction and reduces waste production. Businessesmay promote reuse, refurbishment and refurbished manufacturing and by making products design-ing durable, repairable, and upgradable products. A longer product lifespan improves resource effi-ciency, diminishes the environmental effect of production and disposal and favours with sustainableconsumption practices. This process not only supports the goals of the circular economy but also en-courages cost savings, customer loyalty, and a move towards safer economic systems. To know moreabout product lifespan, follow this [54, 55, 61] articles.
3.4 Collaboration and Partnerships (Q4):

The circular economy depends on collaboration and partnerships [62] because they empower thesharing of knowledge, resources, and innovations across industries, governments, and communities todevelop an effective closed-loop system. Through motivating collaboration amongst the stakeholders,businesses can establish industrial symbiosis, where the waste or byproducts of one process becomeuseful inputs for another product. Partnerships additionally stimulate infrastructure development,align policies, and develop sustainable supply chains for salvaging resources and recycling. This collec-tive effort accelerates the transition to a circular economy by resolving obstacles, venturing solutionsand verifying that the advantages of circular practices are distributed equitably across the society.Anyone can follow [62–65] research paper for more clearance.
3.5 Technology and Innovation (Q5):

Technology and innovation [66] are vital for promoting the circular economy by enabling efficientresource use, debris reduction, and generating sustainable solutions. Advanced technologies like ar-tificial intelligence (AI), the Internet of Things (IoT), and blockchain enhance resource tracking, op-timize supply chains, improve recycling procedures, enhancing materials that are reused and repur-posed effectively. In materials science, different innovations, like biodegradable or infinitely recyclablematerials, reduce environmental impact and contract new opportunities for environmentally friendlyproduct design. In addition, these advancements not only drive the transition to a circular economybut also constitute new business possibilities, expand fortitude and support the progress of closed-loop systems that connect environmental preservation with economic growth. For more details ontechnology and innovation, follow this [67–69] studies.
4. Model Formulation and Data Collection

This portion elaborately provides this study’s model formulation and data collection process. Firstly,the proposed research model will be developed, followed by the data assembly process from twodecision-makers (DMs).
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4.1 Model formulation

The model of this study is formulated in this section. Interval numbers, which are considered hereas the mathematical tool, are discussed in Section 2.1 and the MCDM-based DEMATEL methodologyis mentioned in Section 2.2, respectively. The specific discussion on criteria is mentioned in Section3. According to the perspectives of detailed literature review and decision experts, there are five keycriteria for finding valuable criteria in the circular economy. The direct relation matrices (E d)with 5×5order in linguistic terms given by the two DMs using Table 4. The graphical flowchart of the proposedmodel is presented in Figure 2. Each of those two DMs has expertise, objectivity, and professionalismin their field. They are,
DM1: A professor of a university of Economics department.
DM2: A person who is a social economist.

Fig. 2. The hierarchical structure of the suggested model
4.2 Data collection procedure

This section explains the data sources and data collection used in this research work. At first, thedata are gathered by DMs in linguistic terms that we use it in the direct relation matrices (E d) withthe help of Table 3 and included in Table 4. Then, the direct relation matrices (E d) deciphered intointerval numbers using Table 3 and emerged for the DEMATEL method using Section 4.
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Table 3Linguistic term with Interval number and crispified value for direct relation matrix (Ed)

Linguistic Terms Interval Number
Crispified value

γ = 2, δ = 5 γ = 5, δ = 2 γ = δ = 5

Extremely Importance (EI) [6,12] 10.29 7.71 9
Highly Importance (HI) [5,11] 9.29 6.71 8
Very Importance (VI) [4,10] 8.29 5.71 7
Average Importance (AI) [3,9] 7.29 4.71 6
Less Importance (LI) [2,8] 6.29 3.71 5
Below Importance (BI) [1,7] 5.29 2.71 4
Weekly Importance (WI) [-3,3] 1.29 -1.29 0

Table 4Direct relation matrix (Ed) in linguistic terms of criteria and criteria given by two DMs
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5. Numerical Simulation
The numerical simulation of the most effective criteria for circular economy is determined and theresults are analysed here. We consider the DEMATEL methodology (see Section 3.2) as an optimizationtechnique in Interval Numbers (see Section 3.1). Further, consider the Direct relation matrix (E d) (inTable 4) as the data source for numerical evaluation.The DEMATEL method evaluated the required results as follows: Firstly, construct the direct rela-tion matrix (E d) by two DMs using Equation (21), shown in Table 2. Then aggregated direct relationmatrices (Ma) evaluated by Equation (23). Further, the crispified aggregated direct-relation matrix

(Ec) determined by Equation (13) and shown in Table 5. Thereafter, Equation (26) calculated the nor-malizing modified direct-relation matrix (E n) in Table 8. Then evaluate the total-relation matrix (E t)in Table 7 using Equation (27). Finally, the direct influence (Gu), indirect influence (Jv), prominence
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value (Mu) and relation value (Nu) values for every criteria (u = 1, 2, . . . , t) are calculated by Equa-tions (28), (29), (30) and (31), respectively and shown in Table 8.

Table 5Crispified the aggregated direct-relation matrix (Ec)
Criteria vs criteria Q1 Q2 Q3 Q4 Q5

Sustainability (Q1) 0.00 7.50 8.50 5.50 4.00
Resource Management (Q2) 9.00 0.00 7.50 4.50 5.50
Product Lifespan (Q3) 9.00 8.50 0.00 4.00 6.50
Collaboration and Partnerships (Q4) 4.50 4.50 6.00 0.00 7.50
Technology and Innovation (Q5) 8.50 7.00 7.50 8.50 0.00

Table 6Normalizing the modified direct-relation matrix (En)
Criteria vs criteria Q1 Q2 Q3 Q4 Q5

Sustainability (Q1) 0.000 0.242 0.274 0.177 0.129
Resource Management (Q2) 0.290 0.000 0.242 0.145 0.177
Product Lifespan (Q3) 0.290 0.274 0.000 0.129 0.210
Collaboration and Partnerships (Q4) 0.145 0.145 0.194 0.000 0.242
Technology and Innovation (Q5) 0.274 0.226 0.242 0.274 0.000

Table 7Total-relation matrix (Et)
Criteria vs criteria Q1 Q2 Q3 Q4 Q5

Sustainability (Q1) 1.2401 1.3232 1.4004 1.0649 1.0750
Resource Management (Q2) 1.5140 1.1717 1.4256 1.0806 1.1409
Product Lifespan (Q3) 1.5808 1.4474 1.2933 1.1188 1.2122
Collaboration and Partnerships (Q4) 1.2582 1.1552 1.2414 0.8456 1.0740
Technology and Innovation (Q5) 1.6835 1.5201 1.6010 1.3127 1.1401

Table 8Threshold values of the different criteria
Criteria Gu =

∑t
v=1 Duv Jv =

∑t
u=1 Duv Mu = Gu + Ju Nu = Gu − Ju

Sustainability (Q1) 6.1036 7.2765 13.3801 -1.1729
Resource Management (Q2) 6.3328 6.6176 12.9503 -0.2848
Product Lifespan (Q3) 6.6525 6.9617 13.6142 -0.3092
Collaboration and Partnerships (Q4) 5.5744 5.4227 10.9971 0.1517
Technology and Innovation (Q5) 7.2574 5.6422 12.8996 1.6152

Table 8 presented the numerical results of the fuzzy DEMATEL method between criteria of circularemocomy. From the prominence value (Mu) values, we conclude that the degree of the relationshipof one particular criterion among the other criteria. For example, the criteria Product Lifespan (Q3)is the maximum relation with other criteria. Further,Sustainability (Q1), Resource Management (Q2)
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and Technology and Innovation (Q5) criteria are the second, third and fourth height relation with theremaining criteria, respectively. Moreover, Collaboration and Partnerships (Q4) criteria is the lowestrelation among all the criteria, respectively.

Fig. 3. Causal diagram based on Mu and Nu values for every criteria
On the other hand, the relation value (Nu) values of the criteria are also known from Table 8 and itreveals the kind of relation among the criteria. The relation value (Nu) values positive (+ve) indicatesthat the criteria belong to the cause group or dispatcher and negative (−ve) indicates that the criteriabelong to the effect group or receiver. For example, Collaboration and Partnerships (Q4) and Technol-ogy and Innovation (Q5) criteria are the cause group or dispatcher and Sustainability (Q1), ResourceManagement (Q2) and Product Lifespan (Q3) criteria are the effect group or receiver, respectively.The threshold value (X t) of the proposed circular economy model is calculated by Equation (??)and the value is 1.2768. Further, the scatter matrix (S t)was evaluated using Equation (33) and shownin Table 9. The scatter diagram drowns using the scatter matrix (S t) and is depicted in Figure 4.

Table 9scatter matrix (S t) of proposed DEMATEL model
Criteria Q1 Q2 Q3 Q4 Q5

Sustainability (Q1) ×
√ √

× ×

Resource Management (Q2)
√

×
√

× ×

Product Lifespan (Q3)
√ √ √

× ×

Collaboration and Partnerships (Q4) × × × × ×

Technology and Innovation (Q5)
√ √ √ √

×

Remark 1. From Table 9 and Figure 4, we conclude that the criteria Sustainability (Q1) is retable (
√
)

with Q2 and Q3, the criteria Resource Management (Q2) is retable (
√
) with Q1 and Q3, the criteria

Product Lifespan (Q3) is retable (
√
) with Q1, Q2 and Q3 and criteria Technology and Innovation

(Q5) is retable (
√
) with Q1, Q2, Q3 and Q4, respectively. Further, the criteria Collaboration and

Partnerships (Q4) is not retable (×) with any criteria.
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Fig. 4. Scatter diagram of the scatter matrix (S t)

6. Conclusion
In this research work, we figure out the consequences, both direct and indirect of each creationover another creation of some connected criteria for circular economy. Here, we use the criteria asSustainability (Q1), Resource Management (Q2), Product Lifespan (Q3), Collaboration and Partner-ships (Q4) and Technology and Innovation (Q5). We apply the MCDM concept to evaluate the directand indirect impacts of all criteria. The data sets are gathered from two wise decision-makers in lin-guistic terms. The linguistic terms direct relation matrix (E d) converted to an interval number matrixfor further steps. In this work, we consider the DEMATEL methodology to compute the final numericalresults, which are shown in Table 8. Lastly, the criteria Product Lifespan (Q3) and the Collaborationand Partnerships (Q4) are the highest and lowest relation with the remaining existing criteria. Addi-tionally, the criteria (Q4) and (Q5) are in the cause group or dispatcher and the remaining criteria

(Q1), (Q2) and (Q3) are in effect group or receiver, particularly.A circular economy begins sustainable development by reducing waste, recycling resources, andminimizing the environmental effects. It has an intense focus on the longevity of manufacturing prod-ucts, reusing supplies and developing closed-loop systems. This approach fosters natural resourceswhile boosting overall economic development. A resilient and sustainable society can only be achievedby adopting a circular economy.
6.1 Future research scope

In this section, the future research outlines are explored elaborately. This work can be extended intwo various ways, theoretically and in terms of model formulations. Anybody can apply the alternateMCDM method, such as Analytical Hierarchy Process (AHP), Analytic Network Process (ANP), CriteriaImportance Through Inter-criteria Correlation (CRITIC) and Entropy procedures to analysis the exactrelationship between the criteria, and one can also take different types of data sets in an uncertain
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environment for different results from various angles. In the section on model formulation, the circulareconomy from different viewpoints, such as business models, system thinking, policy and regulationalignment, etc., are available to the people.
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