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Abstract: Organizations are transforming their linear models into circular models in order to become
more sustainable. Remanufacturing is an essential element of the circular model; thus, there is
an urgent need to adopt remanufacturing. It can offer organizations economic and environmental
advantages and facilitate the transition to a circular economy (CE). Several aspects are crucial to
the use of remanufacturing methods in order to transition to the CE. Therefore, in this study, we
aimed to develop a framework for investigating the causal relationship among determinants of
adopting remanufacturing processes for the circular economy. Through an integrated approach
comprising a literature review and the Modified Delphi Method, we identified ten remanufacturing
adoption determinants. The causal relationship among these determinants was established using
the DEMATEL method. Furthermore, we classified these determinants into cause and effect groups.
Five determinants, “consumer preferences”, “remanufacturing adoption framework”, “market op-
portunities”, “management commitment”, and “preferential tax policies”, belong to the cause group,
and the remaining five belong to the effect group based on the effect score. To implement remanu-
facturing processes and transition to a circular economy, it is necessary to pay greater attention to
these identified determinants, especially those that belong to the cause group. The outcomes of this
study may aid management and policy makers in formulating strategies for effectively implementing
remanufacturing methods within their organizations.

Keywords: circular economy; determinants; DEMATEL; remanufacturing; sustainability

1. Introduction

Unsustainable consumption and production contribute to the exhaustion of natu-
ral resources and the escalation of adverse ecological consequences, posing worldwide
challenges for sustainable development. As economic activity has improved significantly
throughout the world, the per capita consumption of goods and services has also in-
creased [1,2]. As a result, greater demand for products and services puts pressure on
resources and the environment [3]. To fulfill the current demand, contemporary linear
production models based on “Take-Make-Use-Dispose” are utilized [4]. In the model,
natural resources are extracted, transformed into goods, and disposed of at the end of their
useful lives.

Consequently, the linear economy depends on the availability of natural resources [5].
To address the issue, industries are steadily moving their business models toward a circular
economy (CE), pertaining to product shelf-life extension, waste management, and financial
system sustainability through customer preference for substitute goods and services. There-
fore, over the past decade, the concept of the CE has gained prominence and has become
particularly associated with efforts to achieve a more sustainable society [6].

The CE aims to lower the requirement for fresh materials by reusing existing ones and
continuously monitoring resource consumption. This CE target appears to be attainable
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through repurposing, repairing, reusing, remanufacturing, and recycling products [7].
Numerous businesses have now developed policies to promote CE processes and proce-
dures for product design, production, and distribution, as well as end-of-life strategies
for recovering value from discarded products [8]. Remanufacturing is one of the most
important end-of-life techniques and can be considered a critical component of CE adoption.
End-of-life and end-of-use products may be recycled, repaired, reused, refurbished, and
remanufactured in the CE environment. Nonetheless, only remanufacturing assures that
the quality of remanufactured items is the same as that of new ones [9,10]. Remanufac-
turing is restoring end-of-life and end-of-use items to a like-new state through repairing,
refurbishing, or replacing old and worn-out components [11]. Remanufacturing offers
various environmental advantages by prolonging the life cycle of end-of-life and end-of-
use items. For example, remanufacturing minimizes the consumption of resources and
energy and the requirement to dispose of waste items in landfills [12,13]. Due to these
advantages, several firms, including IBM, HP, Fujifilm, Kodak, Caterpillar, etc., participate
in massive remanufacturing.

Remanufacturing eliminates the need for virgin materials, energy, and the associated
costs connected with their production. Wei et al. [14] defines remanufacturing as “ . . . an
industrial process whereby used products are restored to useful life”. It has gained signifi-
cant importance in recent years among industries and consumers due to greater consumer
awareness of the environment and government laws [15,16]. In a competitive business
environment, several factors, such as advertising, preferential tax policies, consumer prefer-
ences, and rebates, influence supply chain participants’ actions regarding remanufacturing
adoption. As a sales promotion strategy, it is common for manufacturers to incentivize
retailers to sell remanufactured product in the current business [17].

Some studies address the remanufacturing issue in the context of CE. For example,
Islam and Huda [18] believe that remanufacturing is one of the most important strategies
for achieving CE objectives. Singhal, Tripathy, and Jena [19] discussed how several scholars
pursue CE goals through remanufacturing. They found nineteen essential characteristics,
the most significant of which are purchasing intention and awareness of the environment.
Furthermore, Fofou, Jiang, and Wang [20] examined a variety of life cycle solutions that can
aid in the improvement of remanufacturing and the promotion of a CE. Remanufacturing
reduces product life cycle costs, machine downtime, and supply chain networks by reusing
and recycling product components.

However, in order to achieve a successful and cost-effective transition to a CE, in-
dustries must implement remanufacturing processes. Numerous sectors are less familiar
with how to commence remanufacturing methods and the related benefits linked with
their adoption. Thus, for efficient remanufacturing procedures to be adopted, a number of
factors are at play, including subsidies and tax reductions, customer attitude and culture,
and channels for collecting used products [21–24]. These factors are necessary for properly
implementing remanufacturing processes and transforming the linear economy into a
circular one. As a result, determinants for adopting remanufacturing processes must be
identified and assessed in the CE environment. To be more precise, this study’s objectives
are as follows:

(i) To identify the determinants of remanufacturing adoption for CE.
(ii) To develop the causal relationship among these identified determinants.
(iii) To categorize the identified determinants into cause and effect groups.

The remainder of this article is organized as follows. Section 2 discusses the literature
review; Section 3 discusses the methodology used. Section 4 contains the analysis of data
and the outcomes, while Section 5 presents the discussion. Implications are provided in
Section 6. Finally, the study is concluded, and limitations and future scopes are provided
in Section 7.
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2. Literature Review

Certain parts and components are obsolete in their manufacture or are prohibitively
challenging to replace [25]. However, a remanufacturing situation brings them back into
production (thus performing reverse logistics). The closed-loop supply chain industry is
gaining interest in remanufacturing, including remanufacturing as part of a closed-loop
strategy [26]. Such strategies significantly contribute to CE goals, as shown in Figure 1.
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Increasingly, CE is attracting the attention of policy makers, academia, and the in-
dustrial sector, primarily in the context of efforts to increase social sustainability [19].
This section summarizes the state of CE adoption and related activity. Additionally, the
determinants of remanufacturing methods in the context of CE are identified.

2.1. A Brief Overview on CE

CE solutions reduce waste by retaining product value for as long as possible. They
maintain resources within the value chain after a product has reached the end of its useful
life so that it may be reused several times, continuing to generate and retain value for
its users through multiple usage cycles. However, a transformation to a more circular
economy necessitates alterations to the whole supply chain. These must be backed by
technology and processes that facilitate success, such as discovering novel ways to convert
waste into resources and modifying the behavior of product users and customers [27].
Government support supplemented by the private and public sectors helps provide soft
loans, flexible financing options, program affiliations with OEMs, and green procurement,
and manage resource efficiency standards [28]. This necessitates widespread systemic
changes and innovation in technologies, organizations, social perspectives, and economic
systems. The economic development framework takes into account circular practices even
at a fundamental level [4]. Dey et al. [29] highlighted that supply chain functions found to
be critical to CE adoption in the EU were explicitly the design function related to products,
processes, and facilities that will significantly contribute to CE adoption.

In the CE, resources are ideally circulated repeatedly in the resource loops to extend
the useful life of products, components, and materials [30]. The objective of the CE is to
increase the resource efficiency of the system through the systematic use of repair, reuse,
upcycling, remanufacturing, and cascading materials recycling, and eventually reduce the
requirement for new products, components, and virgin raw material [31]. Resources and en-
ergy efficiency regulations, infrastructure improvements (e.g., transportation facilities, IT),
incentives, and tax reductions need to be implemented worldwide as part of the pro-
visions of the circular remanufacturing strategy. CE preserves the embedded value of
products/components/material at the highest possible utility by closing and slowing re-
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source loops. An extended or increased use of a product slows the flow of resources across
the supply chain. By recycling post-use materials and re-injecting them into the production
system, resource loops are closed that maximize the useful life of material and product [32].

The CE addresses restoration options (i.e., repair, remanufacturing, refurbishing, and
recycling) for the restoration of technical materials and regeneration concepts for biological
materials to maintain zero waste. The EU report “Towards a circular economy: A zero
waste programme for Europe” [33] highlights that the CE is a circular conceptual system
with seven phases: raw material, design, manufacturing/remanufacturing, distribution,
consumption/use/reuse/repair, collection, and recycling. These stages are interrelated
because materials can be utilized in a cascade manner and are not necessarily confined to a
particular pathway depending on their origin. For instance, companies may interchange
by-products as repurposed outputs-to-inputs or remanufactured items, and customers
may choose product service systems rather than ownership and disposal. Despite this,
Jabbour et al. [34] stated that recycling may not be a sustainable strategy since it destroys
the value associated with processing the material to create a new object. The objective of
these circular flows is to decrease the number of resources that escape the circle, allowing
the system to operate at its highest efficiency. The CE is then defined by the actions and
processes that occur within these seven steps in order to preserve value and prevent waste.
To develop a CE, the design of industrial processes, goods, and services is a vital starting
point. Remanufacturers in a CE should remanufacture their products using the latest
technology and be equipped with a warranty [19]. Products must be redesigned so that
they may be used for a more extended time, repaired, updated, remanufactured, and finally
recycled, as opposed to being abandoned (often to a landfill) and replaced. The reusability
of goods and the reutilization of secondary raw materials from restorative sources must be
enabled and accommodated in production processes.

2.2. Remanufacturing for CE

Globally, the idea of CE has improved industrial operations and increased resource
efficiency [35]. Remanufacturing involves removing, cleaning, sorting, inspecting, recondi-
tioning, and reassembling products to restore them to sound working conditions [36]. It has
excellent potential for enhancing social, economic, and environmental benefits compared to
simple repair and recycling at the base material level. Researchers have found that among
the benefits are reductions in resource expenditure, intellectual property protection for
OEMs, new business prospects in the aftersales market, and new employment options
for trained people [36]. The used product is returned to useable life, passing a range of
remanufacturing procedures (i.e., inspection, disassembly, part reprocessing, reassembly,
and testing) to satisfy the required production requirements. Remanufacturing would
keep products in circulation and store them long-term in the global metabolic system [37].
However, many companies have been skeptical about adopting these practices despite
their benefits since they believe their competitors may exploit this trust for their gain [38].

Some studies are available in the existing literature related to remanufacturing in
the context of CE. Bag et al. [39] pointed out that as part of CE, the 3R principle (reduce,
reuse, recycle) is used to enhance the longevity of resources. Increasing profitability,
shortening manufacturing cycle times, raising productivity, and eliminating waste can
be achieved through technology enabling the remanufacturing business process. Singhal,
Tripathy, and Jena [19] examined methods to boost the acceptance of remanufactured
products in India. Wang, Hazen, and Mollenkopf [40] investigated consumers’ attitudes and
behaviors toward remanufactured items and ways to positively change their perceptions
and attract customers. Milios et al. [10] pointed out that developing an industry standard
that outlines rules and specifications for reclaimed equipment is imperative. Through
interviews with 12 enterprises, Matsumoto et al. (2020) examined the present state of
remanufacturing businesses and associated legislation in Southeast Asia. They discussed
the responsibilities of governments in promoting remanufacturing and identified the
obstacles faced by enterprises engaged in remanufacturing. Recently, Khan et al. [6]
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conducted a study to model the CSFs of remanufacturing practices for CE transition.
They found that tax reduction, research and development for remanufacturing, and top
management support are the main factors in adopting remanufacturing practices.

3. Methodology

For this study, we used a three-phase methodology. Phase I focuses on identifying and
finalizing determinants of remanufacturing adoption, while Phase II focuses on developing
causal relationships between the determinants. Phase III ranks the determinants based on
the prominence score. The first phase is to identify the determinants for remanufacturing
adoption by reviewing the literature on CE, sustainable supply chain, and remanufacturing.
The identified determinants are finalized by the Modified Delphi Method (MDM). The
second phase identifies the relationships between the finalized determinants. Numerous
methods for developing the causal relationship are available in the literature, including
Interpretative Structural Modelling (ISM), Total Interpretative Structural Modelling (TISM),
WING, and DEMATEL [41–44]. These approaches have some drawbacks—for example, ISM
and TISM only provide qualitative assessment; quantitative components are absent from
these methods [45]. Additionally, Gupta et al. [30] claim that DEMATEL has the ability to
assess the degree of interaction between the barriers. As a result, it is preferable to employ
DEMATEL to investigate the causal relationships between the finalized determinants.
Figure 2 include the research framework of the proposed work.
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3.1. Modified Delphi Method

Murry and Hammons [46] proposed the Modified Delphi Method (MDM), which was
selected for this study. It supplemented the open-ended questionnaire test with extensive
relevant literature and in-depth interviews with subject matter experts. It developed a
structured questionnaire to replace the first Delphi method survey. In this study, we
utilized an MDM questionnaire with three rounds. The initial phase included in-depth
interviews and a literature review to develop a structured questionnaire [47]. The relevance
of each determinant was then evaluated by experts (with 5 denoting the most significant
and 1 denoting the least significant). After collecting the completed questionnaires and
integrating and analyzing each determinant, a revised questionnaire was developed for the
next round. In the next round, the mean, standard deviation, and interquartile range were
utilized as assessment criteria to validate the consistency of the experts’ opinions. Based
on the determinants’ means, the significance of the determinants was evaluated [48]. The
mean represented each determinant’s relevance. A mean of 3.5 suggested that the Delphi
experts believed the determinants are significant. When the standard deviation was more
than 1, it suggested a significant degree of numerical discretization and dispersion across
expert opinions.

3.2. DEMATEL

DEMATEL was created in 1976 to determine the causal relationship between variables.
It is used in a wide range of emerging research areas such as health care, supply chain
management, smart cities, traceability, and consumer behaviors [6]. The detailed steps of
the DEMATEL technique are as follows.

3.2.1. Step I: Develop the Direct Influence Matrix

An expert panel was formulated for development, and their input was taken to
construct the direct influence matrix. With the help of a questionnaire, these experts
determine the relative influence of various determinants. As mentioned in Table 1, the
impact of a determinant “i” over “j” is measured using a scale ranging from 0 to 4, where 0
is no influence and 4 is extremely high influence.

Table 1. Linguistic scale for influential score.

Scale Influence Intensity

0 No
1 Low
2 Moderate
3 High
4 Very High

The aij element in the direct relationship matrix represents the effect of determinant
“i” on determinant “j”, while 0 shows the diagonal element. The formula Ah = [aijh] is used
to build an n × n matrix for each respondent, where h signifies the hth expert (1 ≤ h ≤ k).
As a consequence, k experts produce k matrices denoted by the letters A1, A2, A3 . . . . Ak.
The form of the direct relationship matrix is as follows:

Ah =


0 a12k a13k · · · a1(n−1)k a1nk

a21k 0 a23k · · · a2(n−1)k a2nk
...

...
...

. . .
...

...
a(n−1)1k a(n−1)2k a(n−1)3k · · · 0 a(n−1)nk

an1k an2k an3k . . . an(n−1)k 0

 (1)
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3.2.2. Step 2: Construct an Overall Direct Relation Matrix

An overall direct relationship matrix is constructed using the information from H
experts; then, we apply Equation (1) to obtain the average matrix Ah = [aijh]:

aijh =
∑k

h=1 xh
ij

k
(2)

3.2.3. Step 3: Create the Normalized Direct Relation Matrix

From Equations (3) and (4), we construct a normalized initial direct relation matrix:

D = A × S (3)

where S =
1

max1≤i≤n ∑n
j=1 aij

(4)

3.2.4. Step 4: Calculate the Total Relation Matrix

We next develop the total relation matrix “T” using Equation (5):

T = D × (I − D)−1 (5)

where “I” represents identity matrix.

3.2.5. Step 5: Determine the Causal Parameters

Then, we calculate the causal parameters with Equations (6) and (7):

Ri =
n

∑
j=1

tij for all i (6)

Cj =
n

∑
i=1

tij for all j (7)

where Ri signifies the row-wise summation and Cj is the column-wise summation.

3.2.6. Step 6: Determine the Prominence and Effect Score

Prominence and effect scores are calculated from Equations (8) and (9):

Pi = Ri + Ci (8)

Ei = Ri − Ci (9)

The prominence score (Pi) represents the amount of net influence of determinant i that
contributes to the system. In contrast, the impact score (Ei) indicates the amount of net
influence of determinant i that detracts from the system. If the effect score (Ei = Ri − Ci) is
greater than zero, determinant i causes a net cause; otherwise, a net effect. The prominence
score is presented on the x-axis, and the effect score is placed on the y-axis to create the
causal diagram.

4. Result
4.1. Determinants of Remanufacturing Adoption in CE

In order to adopt remanufacturing practices, we applied a combination of literature
review and the MDM method. Initially, twelve determinants were identified through the
literature review of remanufacturing in the context of CE. The appropriate keywords were
searched in the Scopus database to conduct the literature review. The Scopus database
was chosen since it is the largest citation database, with over 24,000 journals. The remanu-
facturing in CE is better reflected by the keywords including “remanufacture*”, “circular
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economy”, “closed-loop supply chain”, and “circular supply chain”. These keywords were
combined and searched in the Scopus database using Boolean operators. Only English-
language articles published after the year 2000 were included. After that, the screening
procedure was performed to select the articles that two authors independently examined.
After the articles were finalized, a comprehensive review was conducted, and twelve
determinants of remanufacturing implementation in the CE context were identified. An
expert panel was formed with twelve experts, eight from industry, three from academia,
and one consultant. These industry experts are well-versed in remanufacturing and CE.
Experts were chosen based on their remanufacturing and reverse logistics experience. The
professionals who participated in the study have a management-level experience of over
twelve years. These professionals are employed by well-established companies that have
been manufacturing or remanufacturing for at least 18 years. Three academicians working
in the circular economy and remanufacturing field with sufficient knowledge of CE and
remanufacturing operations also took part in this study. Appendix A contains information
on the experts. After that, three rounds of the MDM method were conducted by using
questionnaires (please refer to Appendix B’s Table A2 and Appendix C’s Table A3) in with
twelve experts, as explained in the methodology section. The result of the MDM method is
provided in Table 2 with accept and reject decisions.

Table 2. Result of the MDM for finalization of determinant of remanufacturing in CE.

Determinant Mean Mode Standard Deviation Decision

Management commitment 4.083333 5 0.862007 Accept
Traceability system 3.666667 3 0.942809 Accept

Collaboration 3.916667 4 0.759203 Accept
Government pressure 3.416667 4 1.497683 Reject
Collection channels 3.833333 3 0.799305 Accept

Preferential tax polices 4.166667 4 0.552771 Accept
Consumer preferences 4.166667 4 0.552771 Accept
Organizational image 3.916667 4 0.759203 Accept

Competitor availability 3.166667 4 0.799305 Reject
Remanufacturing adoption framework 4.083333 4 0.759203 Accept

Market opportunities 4.25 5 0.924211 Accept
Skilled workers 4.166667 4 0.687184 Accept

As shown in Table 2, ten determinants have a mean value of more than 3.5 and a
standard deviation within 1. Therefore, these ten determinants are considered significant
for remanufacturing in the context of CE, and the remaining two are dropped for further
analysis. The finalized determinants are explained in Table 3.

Table 3. Determinants of remanufacturing adoption.

S. No. Determinants Code Description References

1. Management
commitment DT1

A comprehensive understanding of the
benefits of adopting remanufacturing

processes would reinforce top
management’s commitment.

Govindan et al. [15];
Vasanthakumar et al. [49]

2. Traceability system DT2

A transparent information system is
critical for the effective adoption of

remanufacturing methods, and this can be
built through the flow of credible and
pertinent information throughout the

remanufacturing process, both within and
outside the organization.

Vasanthakumar et al. [49]
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Table 3. Cont.

S. No. Determinants Code Description References

3. Collaboration DT3
Enterprises and research institutions are

collaborating actively to develop
technology for remanufacturing.

Xu [50]

4. Collection Channels DT4
Establish collecting centers and support

systems to facilitate consumers’ return of
used products.

Kumar and Dixit [24]

5. Preferential tax Polices DT5
Subsidies and tax reductions for

remanufacturers can help bring down the
cost of remanufactured products.

Sharma et al. [23];
Zhang et al. [21];

6. Consumer Preferences DT6
By improving customer awareness about

CE, we can alter the “one-time
consumption” attitude.

Sharma et al. [23]; Ali et al. [1]

7. Organizational image DT7
Adopting remanufacturing processes

establishes an organization’s green image
in the market, attracting more customers.

Mukherjee and Mondal [51];
Ansari et al. [52]

8. Remanufacturing
adoption framework DT8 Create a framework to guide the adoption

of remanufacturing methods. Sharma et al. [23]

9. Market opportunities DT9

Adopting remanufacturing is a
differentiating approach, creating a new

market and more outstanding market
share.

Subramoniam et al. [53];
Ansari et al. [52]; Ali et al. [26]

10. Skilled workers DT10

Provide education and training to develop
skilled employees, professionals, and

technical personnel for remanufacturing
operations and management.

Gao [54]; Ning [55];
Kapetanopoulou and

Tagaras [56]

4.2. Causal Relationship among Determinants

The DEMATEL technique was used to construct a causal relationship between the de-
terminants of remanufacturing adoption. An expert panel was formed with eight industry
and academia members taken from the same pool of experts who participated in the MDM
method (kindly refer to Table A1). To assist the experts in following the methodology, we
offered them a quick overview of the DEMATEL. Following that, experts were asked to
assign an influence effect to another using a five-point linguistic scale in the form of a direct
relation matrix. This generated eight initial relationship matrices from eight experts. These
matrices were transformed into an overall matrix of direct relationships using Equation (1),
as illustrated in Table 4.

Table 4. The overall direct relationship matrix (A).

Determinants DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT10

DT1 0.000 3.750 3.875 3.125 1.000 2.000 2.250 2.000 1.000 3.125
DT2 1.125 0.000 1.250 3.500 1.125 3.125 3.125 1.375 1.875 1.125
DT3 1.875 3.000 0.000 3.750 1.000 1.250 2.125 3.250 1.000 3.125
DT4 1.000 3.000 1.125 0.000 1.125 4.000 3.125 1.000 3.125 1.125
DT5 3.875 2.000 3.000 2.000 0.000 1.000 2.875 3.000 3.875 3.125
DT6 3.000 1.000 1.000 2.625 2.000 0.000 3.000 2.250 4.000 1.875
DT7 1.375 2.000 3.125 2.000 3.125 3.625 0.000 1.000 1.125 1.250
DT8 3.000 2.000 2.000 3.000 1.125 1.000 2.000 0.000 3.000 3.125
DT9 3.125 3.000 3.875 3.000 1.125 1.125 3.125 1.000 0.000 3.000
DT10 1.000 1.000 2.000 1.000 1.000 1.000 2.000 3.250 1.000 0.000
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In addition, Equations (2) and (3) were employed to transform the direct relationship
matrix into a normalized direct relationship matrix. The normalized direct relation matrix
for the determinants is demonstrated in Table 5.

Table 5. Normalized direct relation matrix (D).

Determinants DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT10

DT1 0 0.1515 0.1566 0.1263 0.0404 0.0808 0.0909 0.0808 0.0404 0.1263
DT2 0.0455 0 0.0505 0.1414 0.0455 0.1263 0.1263 0.0556 0.0758 0.0455
DT3 0.0758 0.1212 0 0.1515 0.0404 0.0505 0.0859 0.1313 0.0404 0.1263
DT4 0.0404 0.1212 0.0455 0 0.0455 0.1616 0.1263 0.0404 0.1263 0.0455
DT5 0.1566 0.0808 0.1212 0.0808 0 0.0404 0.1162 0.1212 0.1566 0.1263
DT6 0.1212 0.0404 0.0404 0.1061 0.0808 0 0.1212 0.0909 0.1616 0.0758
DT7 0.0556 0.0808 0.1263 0.0808 0.1263 0.1465 0 0.0404 0.0455 0.0505
DT8 0.1212 0.0808 0.0808 0.1212 0.0455 0.0404 0.0808 0 0.1212 0.1263
DT9 0.1263 0.1212 0.1566 0.1212 0.0455 0.0455 0.1263 0.0404 0 0.1212
DT10 0.0404 0.0404 0.0808 0.0404 0.0404 0.0404 0.0808 0.1313 0.0404 0

Following that, as indicated in Table 6, Equation (4) was utilized to convert this
normalized relation matrix into a total relation matrix.

Table 6. The total relation matrix (T).

Determinants DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT10

DT1 0.3105 0.4928 0.4896 0.5232 0.2659 0.4099 0.4846 0.3826 0.3708 0.4558
DT2 0.3095 0.2978 0.3439 0.4659 0.2390 0.3990 0.4523 0.3020 0.3558 0.3272
DT3 0.3581 0.4395 0.3245 0.5106 0.2483 0.3591 0.4496 0.3993 0.3489 0.4296
DT4 0.3236 0.4226 0.3591 0.3613 0.2507 0.4421 0.4729 0.3035 0.4144 0.3449
DT5 0.5037 0.4898 0.5274 0.5423 0.2578 0.4126 0.5612 0.4602 0.5130 0.5158
DT6 0.4269 0.3971 0.4016 0.4968 0.3006 0.3251 0.5057 0.3803 0.4733 0.4145
DT7 0.3434 0.3938 0.4315 0.4413 0.3206 0.4263 0.3617 0.3182 0.3510 0.3601
DT8 0.4027 0.4131 0.4120 0.4893 0.2539 0.3492 0.4494 0.2843 0.4160 0.4377
DT9 0.4297 0.4786 0.5044 0.5265 0.2757 0.3866 0.5219 0.3526 0.3312 0.4600
DT10 0.2431 0.2662 0.3021 0.2994 0.1839 0.2457 0.3265 0.3148 0.2509 0.2230

The causal parameters are determined using the value of the total relation matrix. The
prominence (Pi = Ri + Ci) and net effect (Ei = Ri + Ci) of Ri and Ci are calculated using
Equations (7) and (8). The causal parameters are listed in Table 7.

Table 7. Cause and effect of determinants of remanufacturing adoption for CE.

Determinants R C R + C R − C Cause/Effect

DT1 4.1857 3.6511 7.8368 0.5347 Cause
DT2 3.4924 4.0913 7.5837 −0.5989 Effect
DT3 3.8676 4.0962 7.9638 −0.2287 Effect
DT4 3.6950 4.6566 8.3515 −0.9616 Effect
DT5 4.7839 2.5965 7.3803 2.1874 Cause
DT6 4.1219 3.7555 7.8774 0.3664 Cause
DT7 3.7479 4.5858 8.3337 −0.8379 Effect
DT8 3.9075 3.4978 7.4053 0.4098 Cause
DT9 4.2671 3.8252 8.0923 0.4418 Cause
DT10 2.6556 3.9685 6.6241 −1.3129 Effect

As per the value of (Ei = Ri − Ci), the determinants are divided into an influential
and influenced group. The prominence vector (Pi = Ri + Ci) is plotted on the horizontal
axis, and the net effect vector (Ei = Ri − Ci) is plotted on the vertical axis. In this manner,
the causal relationship map is established and shown in Figure 3.
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Figure 3. Cause and effect of determinants of remanufacturing adoption in CE.

It is evident from Figure 3 that the determinants of remanufacturing for CE are
categorized into cause and effect groups. Those determinants that fall above the x-axis are
considered the cause group determinants, and those placed below the x-axis are considered
effect group determinants. The cause group determinants have some influence on effect
group determinants.

5. Discussion

The causal relationship among the determinants of remanufacturing adoption for CE
is shown in Figure 3. The DEMATEL analysis provide two important insights based on
the R + C and R − C. The R + C value represent the importance of the determinants and
the R − C value provides the nature of cause or effect. It is evident from Figure 3 that
the importance order of the determinants is collection channels > organisational image >
market opportunities > collaboration > consumer preferences > management commitment
traceability system > remanufacturing adoption framework > preferential tax polices >
skilled workers. The most important determinant is establishing a collected channel for
recovering the product from users. Furthermore, the organizational image also plays a
crucial role in the implementation of remanufacturing. The organization’s green image
motivates the organizations to adopt remanufacturing to become more sustainable. A sus-
tainable corporate ethos is created when costs and environmental impacts are reduced. This
increases customer acceptance and business opportunity, increasing social acceptance [1]
and customer loyalty. In this row, the following important determinant is the market oppor-
tunities that push the organization to adopt remanufacturing. By adopting remanufacturing
practices by focusing on these top ranking determinants, the organization can create their
green image, resulting in market opportunities and increased market share. However, the
promotion of remanufactured products with local requirements and regulations, secondary
market penetration, and public awareness through campaigns, seminars, workshops, and a
contest annually is required.
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Furthermore, the DEMATEL analysis also classified the determinants into “influen-
tial” and “influenced” groups. As the influential determinants significantly influence the
adoption of remanufacturing, this cluster of determinants must be prioritized in adoption.
In a nutshell, if an organization improves only one or two factors, it will not improve
the system since the factors are interdependent. In order to make a sound decision, it is
necessary to classify the determinants into influential (cause) and influenced (effect) groups.
First, the influential group determinants are boosted, and then the effect group determi-
nants are improved. Following is a description of the influential group and influenced
group determinants.

5.1. Cause Group Determinant

The influential cluster contains five determinants: “consumer preferences”, “reman-
ufacturing adoption framework”, “market opportunities”, “management commitment”,
and “preferential tax policies”. The most influential determinant is “consumer prefer-
ences” about the remanufactured product. These determinants are critical because they
contain the measures necessary for the organization to implement the remanufacturing
techniques to transition to CE. The customer has a preconception about the quality of the
remanufactured product, influencing their purchase decision. The consumer preconception
quality of remanufactured products is considered a significant factor in purchase decisions
by Sharma et al. [23] and Khan et al. [6]. However, the quality of the remanufactured
product is good when it is systematically remanufactured in a CE environment. Therefore,
it is necessary to create awareness about the remanufactured product so that consumers
make an informed purchase decision. The next influential factor is the “remanufacturing
adoption framework” that is essential for the systematic adoption of remanufacturing.
Thus, to adopt remanufacturing, businesses must develop the remanufacturing framework
for adoption [57]. Furthermore, the market opportunities are another motivating force
behind the adoption of remanufacturing for the organization. The market opportunities
can be created through various means, such as creating awareness about the benefits of
remanufactured products, price reduction, and tax relief on remanufactured products [6].
In this row, management commitment plays a significant role in remanufacturing adoption.
The management commitment is required in terms of the financial, technological, and
strategical adoption of remanufacturing to achieve sustainability. One more influencing
determinant is the preferential tax policies that might motivate the organization to adopt
remanufacturing practices [11]. The preferential tax policies reduce the cost of remanufac-
turing and ultimately reduce the price of the remanufactured products price. An industry
must deal with waste and emissions economically. It will not be subject to landfill taxes if
managed adequately through remanufacturing. Furthermore, remanufacturing protects
the environment from hazardous materials (such as chemicals, metals, and plastics) and
conserves natural resources.

5.2. Effect Group Determinant

Five determinants have a position in the influenced group, which is affected by the
influencing determinants. Due to the dependent relationship between the influenced group
determinants and the influencing group determinants, these factors may be strengthened if
the cause group determinants improve. The influence determinants are “skilled workers”,
“collection channels”, “organizational image”, “traceability system”, and “collaboration”.
The creation of a competent workforce is influenced by several relevant elements, including
the management support and the framework for adopting remanufacturing. Improvement
in these determinants will lead to an improvement in a skilled workforce that facilitates
the adoption of remanufacturing. Remanufacturing can be strengthened by establishing
formal skills training programs through remanufacturing supply chains, ministry-driven
government and educational institution collaborations, and formal educational programs
to update technical skills about remanufacturing processes and remanufactured products.
Similar to this, developing a collection channel is an important influenced determinant for
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tracking and collecting used goods. The development of such a system needs a substantial
amount of effort. The collection channel’s growth is affected by top management’s commit-
ment, the adoption of a traceability system, and market prospects. Improvement in these
factors causes the development of a collection channel for the proper collection and return
for the remanufactured product. Other influencing elements have an impact on “traceability
system”, “organizational image”, and “collaboration”. A collaborative model for collective
core recovery and reverse logistics is created by collaborating with multiple manufacturers
and/or remanufacturers. As a result of joint operations, synergies are created, and addi-
tional knowledge is generated, benefiting everyone. The organization needs to develop
strategies to focus on the influential determinant to improve the influenced determinant.
Advanced manufacturing processes, virtualization, and resource-efficient manufacturing
should be highlighted to demonstrate how technological innovations (e.g., Internet of
Things, additive manufacturing, 3D printing) can profoundly affect remanufacturing. As
remanufacturing technology evolves over the next few years, along with physical and
intellectual infrastructure, global markets, and consistent quality, better business value will
be created throughout the industry [27]. Improvement in remanufacturing can facilitate
the achieving of CE objectives.

6. Implications

The findings of this study indicate that remanufacturing is necessary for progressing
towards the CE. The proposed determinants assist managers and professionals in formulat-
ing an action plan to turn their linear model into a circular one. In addition, these findings
also indicate that consumer preferences for remanufactured products are unfavorable.
Therefore, hosting a seminar or publicizing the concept of remanufacturing and its effects
on the environment and society is necessary. The DEMATEL analysis classified the deter-
minants into groups of cause and effect. The cause group’s determinants are significantly
more important since they have a substantial long-term impact on the organization. In
order to concentrate on these determinants, management must take the initiative to develop
effective policies and action plans. Remanufactured products can be sold at affordable
prices by reducing the costs of manufacturing facilities because they use less energy and
virgin material. The causal relation between the determinants will aid policy makers and
managers in critically evaluating each determinant’s impact. This might help them satisfy
stakeholders’ needs in a more organized manner. Through analyzing the causal relationship
between the determinants, practitioners and managers may enhance their organizational
capacities for beginning the adoption of remanufacturing and transitioning to CE practice.
It should be highlighted that remanufacturing is in its infancy, particularly in developing
nations. With this study, we aim to advance knowledge about remanufacturing to assist
companies in enhancing their performance and resource use.

7. Conclusions

The CE concept provides a path to sustainability by reversing the existing patterns of
fast resource depletion and waste production. Engaging in product life extension activities
such as reuse and remanufacturing makes it possible to preserve and recover the economic
value normally lost in the conventional linear system. Remanufacturing is considered one
of the best options to restore economic value and reduce waste generation. Therefore, this
study focuses on adopting remanufacturing to transform the linear model into the circular
model. As long as the CE processes are appropriately configured, remanufacturing is an
environmentally sustainable option. In this research, the significant determinants of the
adoption of remanufacturing practices for CE are explored. Ten remanufacturing determi-
nants are identified through a literature survey and the involvement of industry experts.
The causal relationship among the determinants is developed using the DEMATEL method.
The most significant determinants are collection channels, organizational image, and market
opportunities. Furthermore, we also classified the determinants of remanufacturing for CE
into cause and effect groups. Five determinants, “consumer preferences”, “remanufacturing
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adoption framework”, “market opportunities”, “management commitment”, and “prefer-
ential tax policies”, belong to the cause group. These determinants need to be considered to
integrate remanufacturing into the CE framework. The effect group contains the remaining
determinants, namely, “skilled workers”, “collection channels”, “organizational image”,
“traceability system”, and “collaboration”. These determinants depend on the cause group
determinants. This study can facilitate organizations to adopt remanufacturing practices;
however, the identification of the factors using accessible literature and expert validation is
a limitation of this study. There is a possibility of overlooking relevant remanufacturing
adoption determinants for CE transformation. Some large and medium-sized enterprises
have implemented the CE model for growth, productivity, and competitive advantage.
However, the concept is not widely accepted, especially in small-scale industries.

Furthermore, the DEMATEL method is used to develop a causal model based on
an expert’s opinion. The expert’s opinion could be biased as per their working position
and sector. Additionally, the input is taken in the linguistic form with some subjectivity
issues. This could be overcome in future studies by integrating fuzzy and grey theory.
Furthermore, these determinants are modeled using other structural modeling techniques,
such as structural equation modeling (SEM). These determinants could be analyzed in
future studies, such as the prioritization of identified determinants using MDMs such as
AHP, ANP, BCM, BWM, and WASPAS.
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Appendix A

Table A1. Details of participating experts.

S. No. Organization Designation Experience Educational
Qualification Expertise Area

No. of Experts
Participated in

MDM

No. of Experts
Participated in

DEMATEL

1.
Public and

private
enterprises

Managers More than
12 years

Post-graduate
and above

Remanufacturing/
manufacturing/

logistics/CE
8 5

2. Academic
institution

Professor/
Associate
Professor

More than
15 years PhD CE/remanufacturing/

manufacturing 3 2

3. Consultancy
services

Senior
Consultant 14 years PhD Closed-loop supply

chain 1 1

Appendix B

In your opinion, indicate to what extent the following determinants are important
using the five-point scale (very low, low, medium, high, very high) in the context of CE.
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Table A2. Questionnaire for Modified Delphi Method.

S. No. Determinants Very Low Low Medium High Very High

1. Management commitment
2. Traceability system
3. Collaboration
4. Government pressure
5. Collection channels
6. Preferential tax polices
7. Consumer preferences
8. Organizational image
9. Competitor availability

10. Remanufacturing adoption framework
11. Market opportunities
12. Skilled workers

Appendix C

Kindly provide the degree of influence of determinants of remanufacturing (row-
wise) over other determinants (column-wise) based on the five-point linguistic scale (No
influence: NO, Very low influence: VL, Low influence: L, High influence: H, and Very high
influence: VH).

Table A3. Questionnaire for DEMATEL.
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