Soft Computing (2021) 25:10885-10899
https://doi.org/10.1007/s00500-021-05786-2

APPLICATION OF SOFT COMPUTING q

Check for
updates

Reaching sustainability through collection center selection considering
risk: using the integration of Fuzzy ANP-TOPSIS and FMEA

Mohammad Pourmehdi' - Mohammad Mahdi Paydar’ @ - Ebrahim Asadi-Gangraj’

Accepted: 5 April 2021/ Published online: 20 April 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Companies collect their used products and use them again to enhance their environmental and social profiles besides
obtaining profit from using them again in the forward flow. By adding collecting and handling products at the end of their
lifecycle in the context of reverse logistics, companies create closed-loop supply chains. The processes of a network can be
sustainably optimized by adjusting the performance of its different facilities regarding sustainability dimensions. In
circumstances that there is more than one facility on a specific level, they can be prioritized by different means such as
multi-criteria decision-making or risk assessment techniques. In evaluating facilities with each method, some criteria might
not be addressed appropriately, so combining these methods can produce a satisfactory answer. In this study, the per-
formance level of each collection center regarding the sustainability of their performance and the risk associated with their
operations in a reverse steel supply chain is evaluated. For this aim, the Failure Mode and Effects Analysis, Fuzzy Analytic
Network Process, and Fuzzy Technique for Order of Preference by Similarity to Ideal Solution have been integrated. The
main contribution of this study is addressing the performance level of collection centers, as a vital facility in reverse
logistics, from both operational and risk aspects considering sustainability dimensions. The applicability of the suggested
methodology is demonstrated through its application in a steel manufacturer in the north of Iran, and the required
sensitivity analyses are presented. Finally, managerial insights are discussed to enhance the performance of collection
centers.

Keywords Sustainability - Reverse logistics - Collection centers - Failure mode and effects analysis - Fuzzy analytic
network process - Fuzzy technique for order of preference by similarity to ideal solution

1 Introduction

One of the most critical materials used in engineering and
construction is steel (Nezamoleslami and Hosseinian
2020). Regarding the characteristics of this product, it can
be used again after the end of its lifecycle, adding reverse
logistics to a supply chain and creating a closed-loop
supply chain (Conejo et al. 2020). Because of reasons such
as the pollution caused to the water, soil, and air during the
operation of facilities in a reverse supply chain, and the
social benefits incorporated with it, researchers intend to
optimize a supply chain sustainably (Pourmehdi et al.
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2020). The process of sustainably optimizing the perfor-
mance of a supply chain can be amended by adjusting the
performance level of different facilities of the network. In
this regard, researchers evaluated the performance level of
suppliers to have a sustainable supply chain (Li et al.
2020). In reverse logistics, one of the most important
facilities is the collection center, which should be sus-
tainably selected to have a sustainable reverse logistics
system.

In the process of evaluating and prioritizing facilities,
some criteria might not be addressed appropriately. Many
criteria could be considered to appraise the performance
level of different alternatives with multi-criteria decision-
making (MCDM) approaches. However, some criteria
might be more appropriately addressed as a risk parameter
(Lo et al. 2020). Hence, combining these methods could
produce a thorough answer. Many studies evaluate the risk
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associated with different activities of a cooperation or
supply chain to have a low-risk performance (Liu et al.
2017). Also, risk parameters can have an influence on the
performance of a supply chain, aiming to reach its sus-
tainability goals (Harclerode et al. 2016). Since in real
problems, some criteria might have connections with each
other and could have an influence on other criteria, their
weight should be calculated appropriately (Keramati and
Salehi 2013). In this regard, the method used for calcu-
lating the given weight to the criteria in this study is the
Fuzzy Analytic Network Process (FANP). This study also
uses the Fuzzy Technique for Order of Preference by
Similarity to Ideal Solution (FTOPSIS) as a part of its
solution approach. FTOPSIS is one of the most practical
techniques used for appraising the performance of different
alternatives that address the uncertainty in the opinion of
decision-makers (Alguliyev et al. 2020; Feng et al. 2020b).
Finally, this study integrated the mentioned method with
Failure Mode and Effects Analysis (FMEA) to have a
thorough evaluation of the performance level of collection
centers.

The motivation behind considering experts’ opinions as
fuzzy numbers is the existing uncertainty in their opinions
and the extensive use of fuzzy numbers in the literature (Liu
etal. 2018; Ali etal. 2019; Feng et al. 2020a), indicating their
validation. Also, to better address the interrelation of criteria,
the FANP is used for calculating their weights as a reliable
method. Moreover, the repetition in the use of FTOPSIS and
FMEA in the literature indicates their validation. Since both
the performance level and the risk associated with the
operation of collection centers should be addressed for an
overall evaluation, the integration of these methods is con-
sidered for addressing this issue. Moreover, some of the
criteria could be considered from different perspectives,
which are addressed using different approaches. Also, since
the final result of each of these methods is a number showing
the scores that each collection centers got based on the
considered criteria in each method, they could be incorpo-
rated with each other to find the final ranking of each center.

The remainder of this study is organized as follows. The
literature review is presented in Sect. 2. Section 3 thor-
oughly introduces the research methodology. The case
study and the solution process are explored in Sect. 4.
Section 5 represents the sensitivity analysis and managerial
insights. Finally, the conclusion and potential future
research areas are presented in Sect. 6.

2 Literature review
Evaluating collection centers has not been investigated in

many studies. In some studies that considered the perfor-
mance level of collection centers, the evaluation process
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was not considered thoroughly for presenting sustainable
and low-risk solutions. The studies that somehow analyzed
the performance of collection centers are stated in the
following.

Pochampally and Gupta (2004) investigated the selec-
tion of collection centers in one of the two parts of their
study. They evaluated the success of the operations of
collection centers from three points of view, including
consumers with the main concern of convenience, gov-
ernment officials with the primary concern of environ-
mental effects, and supply chain managers with the prime
concern of profit. Paydar et al. (2017) used the FMEA
method to calculate the risk associated with the collection
process in a reverse engine oil supply chain. They con-
sidered the associated risk of the collection as an objective
function in their study. Cheraghalipour et al. (2017) con-
sidered collection center selection as part of their research
in a reverse supply chain that collects effete tire and ball
bearings of cars. They used a hybrid Fuzzy Decision-
Making Trial and Evaluation Laboratory (FDEMATEL)
and evaluation of qualitative and quantitative data to
evaluate collection centers, considering security, trans-
portation conditions, costs, and environmental conditions
as criteria. In the latest study associated with collection
center selection, Tosarkani and Amin (2018) examined the
performance level of recovery centers in a reverse battery
supply chain. They used the FANP to measure the envi-
ronmental effects of recovery centers.

Since there is a resemblance between collection centers
and circular suppliers, the studies that evaluated the per-
formance level of circular suppliers are also mentioned in
the following. Combining the circular economy and supply
chain management obliges suppliers to deliver raw mate-
rials that are retrievable and would not have adverse
impacts on the environment (Zhu et al. 2010). Prosman and
Sacchi (2018) analyzed the performance of suppliers in the
cement industry through usability, transport, and affected
handling activity as the criteria in their evaluation process.
A hybrid approach of FANP, FDEMATEL, and multi-ob-
jective linear programming model was presented by
Govindan et al. (2020) for circular supplier selection con-
sidering on-time delivery, quality, and circular criteria.
Finally, in one of the latest studies on circular supplier
selection, Kannan et al. (2020) used the interval VIKOR
approach and fuzzy best—-worst method to rank sustainable
suppliers in the circular network of the wire-and-cable
industry, considering circular, social, and economic
criteria.

Some of the most recent studies that utilized each one of
the selected approaches in the solution process of this
research or their combinations are reviewed here to indi-
cate their validation. The combination of different MCDM
approaches is widely applied in different kinds of studies.
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Analytic Hierarchy Process (AHP) and Analytic Network
Process (ANP) are combined with multiple MCDM
methods like Technique for Order of Preference by Simi-
larity to Ideal Solution (TOPSIS) in various studies, some
of which are reviewed in the following. Roy and Dutta
(2019) and Dogan et al. (2020) proposed integrating FAHP
and FTOPSIS for electro discharge machining process
multi-objective optimization and corridor selection for
locating autonomous vehicles, respectively. Also, the
combination of ANP and TOPSIS has been employed in
different problems, such as Abdel-Basset et al. (2018) for
sustainable supplier selection problem, Kar and Jha (2020)
for evaluating the construction materials’ criticality in the
procurement problem, and Agrawal et al. (2020) for soft-
ware security estimation as a design tactics perspective
problem.

Moreover, incorporating the fuzzy sets logic into the
MCDM approaches and their combinations is vastly uti-
lized for finding more realistic solutions (Chen et al. 2016;
Feng et al. 2019; Deveci et al. 2020). As for showing the
flexibility and effectiveness of the selected approach for the
risk analysis section, some of the most recent studies that
utilized the FMEA approach are reviewed in the following.
Nie et al. (2018) proposed the use of the FMEA to guar-
antee the safety and reliability of supercritical water gasi-
fication systems. Shafiee et al. (2019) suggested the use of
the FMEA approach for the analysis of subsea blowout
preventer systems. Also, the application of FMEA for
improving medication safety companied by a systematic
review presented by Anjalee et al. (2020) indicated the
applicability of this approach in multidisciplinary areas of
research. In one of the latest studies using the FMEA,
Anjalee et al. (2021) applied this approach to analyze the
risk associated with the safety of the production process of
Chinese coal-to-methanol enterprises.

The mentioned studies considered the performance of
collection centers and the risk associated with their oper-
ations independently. Hence, the main contribution of this
study is to evaluate the performance of collection centers
regarding the dimensions of sustainability and the associ-
ated risk in their operations to present a solution for having
sustainable and low-risk collection centers and subse-
quently a reverse logistics system. This is done with the
integration of the FANP computing the required weights of
criteria, the FTOPSIS calculating the performance level of
the collection centers, and the FMEA computing the risk
associated with the operation of the centers in a compre-
hensive manner and finally rank the potential collection
centers through their integration.

3 Research methodology

The procedure for evaluating the performance level of each
collection center in this study is consists of two main steps.
In the first step, the weight of each criterion for both
methods of FTOPSIS and FMEA is computed through the
FANP approach. In this method, the relations between the
criteria are considered to present more realistic weights.
After assessing the required weights of criteria, FTOPSIS
and FMEA approaches are used to evaluate the perfor-
mance of the collection centers regarding the economic,
environmental, and social aspects and the risk associated
with their performance. All of the mentioned approaches
require the opinion of experts from the steel industry for
their process. The experts are selected based on predeter-
mined requirements: the selected experts should have at
least five years of experience in steel supply chain man-
agement and be familiar with the concepts of risk man-
agement and sustainability. The proposed framework of the
research is illustrated in Fig. 1.

3.1 Fuzzy analytic network process (FANP)

Saaty presented the ANP as an extension of the AHP to
cope with the interaction and dependence of criteria and
sub-criteria, which can influence their weights (Saaty and
Vargas 2006). FANP was introduced to address the
uncertainty associated with the preference of experts in the
pairwise comparison. The steps of the applied FANP for
calculating weights of criteria are mentioned in the fol-
lowing (Saaty and Vargas 2006):

Step 1: Creating the network of the problem by speci-
fying the relations between different elements of the
network.

Step 2: Forming the comparison matrices through pair-
wise comparison of different related elements of the net-
work using triangular fuzzy numbers based on the scale
presented by Saaty. The linguistic term for comparison and
the triangular fuzzy number assigned to them are presented
in Table 7.

Step 3: Forming the supermatrix.

The weight of each criterion and sub-criterion should be
calculated to form the supermatrix. Since the elements of
each comparison matrix are in the triangular fuzzy form,
the weights are calculated based on the extent analysis
method developed by Chang (1996), which consists of the
following steps (Meshram et al. 2019).

Step 3.1: Computing the value of the fuzzy synthetic
extent for each criterion.

Assume that P is a pairwise comparison matrix:
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Step 3.2: Computing the degree of the possibility for
each S; over others.

1 if ny Z ny

0 ifly > uy
lz — Ux

(mi —w) — (my — Ip)

V(S >$) =

otherwise

Step 3.3: Computing the weight of each criterion with
the degree of possibility for a convex fuzzy number to be
greater than k convex fuzzy numbers.

Wl, = V(SkZShSZ?' "7SWL) =. Min

i=12,...k,....m

w = (W), W5,..,W,)

Step 3.4: Computing the normalized weight vector.
w = (W], "Vz7 cey Wm)
After calculating the weights of each pairwise compar-

ison matrix, the supermatrix can be formed as follows:

1 = Goal 0 0 0
2 = Criteria Wor Wy 0
3 = Sub — criteria 0 Wi Wi

W =

Step 4: Computing the final weight vector of each sub-
criteria.
W = lim W/2k+l

X—00

3.2 Fuzzy Technique for Order of Preference
by Similarity to Ideal Solution (FTOPSIS)

The FTOPSIS method was first introduced by Chen (2000),
and after that, it has been widely applied for evaluating
alternatives in different situations. This method can rank
alternatives based on their proximity or similarity to an
ideal solution (Roy and Dutta 2019). The steps of the
applied FTOPSIS are mentioned in the following (Al-
guliyev et al. 2020):

Step 1: Computing the normalized decision matrix
(DM).

Assume that D is the normalized fuzzy DM:
D = [dy]

sy L=Loom j=1,...n

Each element of the DM is normalized according to the
category of each criterion. Whether the criterion is a benefit
or cost one, meaning that an increase in their magnitude is
favorable in the first category, and for the second category,
the decrease in the magnitude is favorable. Each element of

the normalized DM is calculated through the following
equations based on their category:

L my o uy . .
dj = (#,%,Z—i) where u is the maximum u; for
J J J
benefit criteria

dij = (2—/,;’—],];—!) where lj‘ is the minimum [; for cost
criteria

Step 2: Computing the weighted normalized DM.

The weight of criterion i is presented as w;, and the

weighted normalized DM is calculated as follows:

V= [0
i=1,...m

where v;=r; xw; Vji=1,...,n,

Step 3: Specifying the fuzzy positive ideal (Pl) and
negative ideal (NI) solutions.

PI = (v};, .. .7v;) for benefit criteria, PI=
(ijv R v;) for cost criteria

NI = (Vl_j7 . .,v;) for benefit criteria, NI =

(v,*]., o v;> for cost criteria

where vj+ is the maximum vy, v is the minimum v;;, and
i=1,...m j=1,...,n

Step 4: Computing the distance of each alternative from
PI and NI.

n
dij’L:E div(v,-j,vf) i=1,...,m
J=1

di- = Zdiv(v,j,vjf) i=1,...,m
=

The distance between two triangular fuzzy numbers can
be computed as follows:

di(A,B) = \/; ((lA — Ip)* 4 (ma — mp)*+(up — us)z)

Step 5: Computing the closeness coefficient factor (CC).
di:
CCi=—-"L——
(aif +aiy)
Step 6: Prioritizing the alternatives.
Each alternative gets ranked according to the value of its
CC;, and due to the nature of the formula for calculating the

closeness coefficient, the alternative that has the highest
CC; value gets ranked higher in the ranking list.

3.3 Failure mode and effect analysis (FMEA)
FMEA is a well-organized technique, discovering the

probable failure modes in a system, facility, or process. It
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analyzes the potential causes and effects of the failure
modes and adopts some measures, diminishing or dis-
missing the risk of failures (Fang et al. 2020). The first
official employment of the FMEA was done due to safety
and reliability analysis of the product design phase in the
aerospace industry in the 1960s (Huang et al. 2021). Due to
the practicability and effectiveness of the FMEA, it has
grown to be one of the most frequently used techniques
with the goal to identify decisive failure modes, and it has
been widely applied in multiple areas of research, such as
healthcare systems (Dagsuyu et al. 2016; Anjalee et al.
2021), manufacturing systems (Bhuvanesh Kumar and
Parameshwaran 2018; Lo et al. 2020), and supply chain
management (Mangla et al. 2018; Wan et al. 2019; Ali-
zadeh et al. 2020).

The process of risk measurement according to FMEA is
mentioned in the following (Li and Zeng 2016). The first
step in evaluating the risk associated with the operations of
a facility or a procedure based on FMEA is to determine
the risk criteria through the information about the specified
operation or facility. The next step is determining three
aspects of risk, including severity, occurrence, and detec-
tion, based on the scheme proposed by Li and Zeng (2016),
which has a 1-10 point scale. The general evaluation
scheme is presented in Table 8.

The final step in the FMEA approach is computing the
risk priority number (RPN) to rank the alternatives.
Assume that S, O, and D represent the ranking numbers for
severity, occurrence, and detection, respectively. The 10-
point scale measures each risk factor, where 10 represents
the most severe or frequent case or the least
detectable case. The larger RPN score indicates greater
risks threatening the processes of the system. The formula
for calculating the RPN is mentioned in the following (Li
and Zeng 2016; Paydar et al. 2017).

(L-1)

ep
RPN:( ) x100 where L=Sx0O and

ep=—-0.1xD+5.5

4 Case study

The applicability of the presented methodology is evaluated
through a real case study in a reverse steel supply chain that
intends to choose the collection centers with the best perfor-
mance level and lowest risk among the existing ones regarding
the dimension of sustainability. The manufacturer of the
considered case produces steel billets, and the production of
steel billets requires scrap, which is the final product of the
steel supply chain itself. Since the scrap is the final product of
the steel supply chain, using it requires adding reverse
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logistics to the classic supply chain, forming a closed-loop
supply chain. In a classic supply chain, supplier selection is an
integral part of reaching sustainability. Like suppliers, in
reverse logistics, collection center selection can significantly
affect the sustainability of a reverse supply chain. Currently,
decision-makers select collection centers based on the final
price of scrap, comprised of transportation cost and the price
of scrap, and purchase history, which is not a sustainable and
scientific approach. Because of the privacy measure of the
investigated manufacturer, the names of the collection centers
are not expressed clearly. Instead of their names, they are
presented by a number.

Moreover, the mentioned requirements for selecting the
experts led to choosing four experts from the considered
manufacturer and three academic researchers that had
experience with the mentioned topics. Two of the experts
were production managers of the considered company with
six and nine years of experience. The other two were the
production planner and a member of the research and
development department of the company, with eight and
five years of experience, respectively. The selected aca-
demic researchers were actually three professors from the
most prestigious universities in Iran, each of whom with
more than ten years of experience in research on sustain-
ability dimensions of supply chains.

4.1 Sustainability criteria

Determining the critical sustainable criteria regarding the
characteristics of the case study is one of the initial steps in
the process of collection center prioritization and selection.
Therefore, the attendance of the experts held a meeting and
introduced the selected criteria regarding three aspects of
sustainability. The criteria, a short description, and the
method within which they are used are mentioned in
Table 1. Since there is a small similarity between the
operation of suppliers and collection centers, some of the
more frequent criteria used in supplier selection that can be
considered in collection center selection are adopted from
research regarding steel supplier selection (Azimifard et al.
2018). Some other unique criteria cited in the following
such as soil pollution (Barbosa et al. 2020) were chosen
regarding the characteristics of the problem and the
experts’ opinion. The method column of the following
table represents the method within which the mentioned
criterion is used. The applicability of a criterion in a
method is determined regarding the nature of that criterion,
meaning that the experts were asked to determine which
criterion would be better presented as a risk criterion or
performance evaluation criterion. They were supposed to
answer this question regarding the description of each
criterion and their own experience. The specification of the
method means that the determined criterion can be better
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Table 1 Sustainability criteria for FMEA and FTOPSIS with description
Sustainability  Criteria Description Method
aspect
Economic Cost Purchasing scrap from collection centers includes different costs such as purchasing FMEA and
cost, ordering cost, and transportation cost FTOPSIS
Quality Different collection centers can provide scrap with different qualities. The quality of FMEA and
the scrap provided by a collection center can cause the manufacturers economic FTOPSIS
damages
Delivery Collection centers should have agility in delivering scrap to the manufacturer FMEA and
FTOPSIS
Flexibility In situations that the market is not stable, collection centers should be reliable and be  FMEA
able to provide the required scrap
Environmental Environmental Complying certifications such as ISO 14,000 FTOPSIS
management system
(EMS)
Water pollution The collection of scrap in an unsuitable environment exposed by rain or near FMEA
streams can cause water pollution
Soil pollution Collected scrap in an unsuitable environment can cause soil contamination FMEA
Carbon footprint The vehicles used by a collection center and their distance from customers and the FTOPSIS
manufacturer can influence the amount of greenhouse gas they produce
Social Turnover rate The percentage of employees leaving a collection center in a specific period FMEA
Safety The damages related to work injuries FMEA and
FTOPSIS
Right of employee (RoE) The conditions of the working environment of employees and their other social FTOPSIS
rights like paid leaves
Salary Fairness of salaries of employees regarding their work hours and condition FTOPSIS

addressed in the specified method. When a criterion is
considered in both methods, it means that the criterion is
addressed regarding its performance and the risk associated
with its operations.

4.2 Determining the weights of the criteria

The weight of each criterion for both the FTOPSIS and
FMEA is calculated through the FANP method explained
in Sect. 3.1. The networks designed for each approach and
the relation between criteria and sub-criteria are illustrated
in Fig. 2. The pairwise comparison matrices are formed
considering the relation of criteria and sub-criteria speci-
fied in the presented network for each method.

Table 9 illustrates a single comparison matrix filled with
the experts’ opinions for the calculation of weights of
criteria in the FMEA approach. The calculating of the
weight of each sub-criteria with regard to their criterion is
done based on the four steps of the extent analysis method,
which is explained in detail in Sect. 3.1. After computing
weights from comparison matrices according to the struc-
ture of networks and applying the final step of FANP, the
final weight of each sub-criterion for each method would
be determined. The final weights of sub-criteria for
FTOPSIS and FMEA are presented in Tables 2 and 3,
respectively.

4.3 Evaluation of the performance level
of collection centers

In order to evaluate the performance level of each collec-
tion center regarding the dimensions of sustainability, the
FTOPSIS method has been used. In this part, it is assumed
that all of the sub-criteria are benefit criteria, and the
experts have been asked to score the performance of each
collection center in each sub-criteria based on the linguistic
terms mentioned in Table 7. After collecting the experts’
opinions, converting them to fuzzy numbers, and comput-
ing their average, the initial DM is formed. The initial DM
should be normalized based on the method explained in
Sect. 3.2. The normalized DM is represented in Table 10.
After multiplying the determined weights to the nor-
malized DM and applying steps 2-5 of FTOPSIS, the
distance of each alternative from the PI and NI solutions
and the closeness coefficient would be available, which can
be used for ranking the collection centers. The closeness
coefficient factor and the ranking of collection centers
based on the FTOPSIS method are shown in Table 4.

4.4 Evaluating the associated risk
with the performance of collection centers

Since some of the criteria are not appropriately addressed
in MCDM methods, and it could be better to consider them
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Fig. 2 Network structure of ; :
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Table 2 The weight of sub-

criteria of FTOPSIS Sub-criteria  Cost Quality  Delivery EMS Carbon footprint ~ Safety  RoE Salary

Weight 0.1550 0.1686  0.0599 0.0992  0.1491 0.1366  0.1717  0.0595

Table 3 The weight of sub-criteria of FMEA

Sub-criteria Cost Quality Delivery Flexibility Water pollution Soil pollution Turnover rate Safety

Weight 0.201 0.1246 0.0745 0.1150 0.1961 0.1112 0.0568 0.1205

Table 4 Final results of

FTOPSIS Collection center 1 2 3 4 5 6 7 8
CC; 0.4667 0.5288 0.3005 0.5288 0.6640 0.3700 0.6041 0.5870
Rank 6 4 8 5 1 7 2 3

as risk criteria, the FMEA method has been chosen to determined rank of severity, occurrence, and detection of
calculate the risk associated with the operation of collec-  each criterion according to experts’ judgment are illus-
tion centers. FMEA scheme for the cost, and the trated in Tables 11 and 12, respectively.
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After calculating the risk of each criterion by the men-
tioned formula in Sect. 3.3 and multiplying the weight of
each criterion to the RPN of that criteria, the final risk of
purchasing scrap from each collection center would be
calculated. The RPN of each criterion and collection cen-
ter, the total risk, and the rank of each collection center
based on the FMEA method are shown in Table 5.

4.5 The final ranking of collection centers

Each of the MCDM and risk assessment methods consider
a single aspect of the problem, so they should be consid-
ered simultaneously to properly evaluate the performance
level of each collection center and present a thorough
ranking. It means that the final results of both methods for
ranking the facilities should be used to rank them. Before
using the final results of the FTOPSIS and FMEA, they
should be converted to the same kind of criteria. The
closeness coefficient factor is a benefit criterion. The total
risk is a cost criterion that should be converted to benefit
criteria, so their multiplication produces the final score of
collection centers. The total risk calculated for the opera-
tion of each collection center is a number between zero and
one. Hence, to convert the risk criterion, the number one
should be subtracted by the total risk, so it represents a
benefit criterion. The benefit criteria for risk can be called
reliability. The lower the risk, the higher the reliability,
meaning that a collection center performs more efficiently.
The final ranking of collection centers is presented in
Table 6, and the ranking of collection centers based on
each method is illustrated in Fig. 3, where TR; is the total
risk, and R; is reliability.

As illustrated in Fig. 3, evaluating collection centers sep-
arately with FTOPSIS or FMEA method presents a different
ranking. These different priorities show that each method has
a disadvantage in some areas, meaning that the selected col-
lection center based on a single method would not operate in
the best way possible. However, when the two approaches are
integrated for selecting collection centers, all of the necessary
criteria would be considered in the evaluation process,

Table 5 Final results of FMEA

presenting an answer that thoroughly shows the performance
level of collection centers. The ranking presented by the
integration of MCDM and risk assessment approaches spec-
ifies the collection center with the best condition.

5 Sensitivity analyses and managerial
insights

The sensitivity analyses on the effects of the method used for
computing the weights of the criteria and the performance
level of collection centers with and without consideration of
sustainability aspects are presented in this section. Three
approaches are proposed for evaluating the effectiveness of
the methods used for computing the weights of criteria and
their influence on the final ranking of collection centers. In
the first case, it has been assumed that all of the criteria have
equal weights, and in the second case, the weights are cal-
culated through the FAHP method. Finally, the primary
approach used in this study, which calculates the weight of
criteria by the FANP method, is assumed to be the third case.
The final ranking of collection centers in the three mentioned
situations is presented in Fig. 4.

As shown in Fig. 4, the weight of each criterion can
have a significant effect on the final ranking of collection
centers. Because of that, the method used for this goal
should be appropriately selected. Assuming that the weight
of each criterion is equal to other criteria is unrealistic, and
since experts should ascertain the importance of criteria,
the FAHP is one of the methods that come into mind. Even
though FAHP can produce more realistic weights for cri-
teria, some relations and dependencies to other criteria are
neglected in evaluating weights with this method. Finally,
FANP was chosen for computing the required weights so
they would represent more sensible weights.

Three different cases are investigated to evaluate the
effects of sustainability dimensions on the final ranking of
collection centers. In the first case, solely the economic
criterion is addressed, and in the second one, the green
criterion is added to the problem meaning that the

Collection center Cost Quality Delivery EMS Carbon footprint Safety RoE Salary Total Risk Rank
1 0.051 0.032 0.033 0.033 0.149 0.105 0.033 0.023 0.066 2
2 0.176 0.170 0.275 0.243 0.036 0.078 0.275 0.335 0.177 7
3 0.243 0.215 0.311 0.260 0.017 0.033 0.311 0.311 0.191 8
4 0.215 0.260 0.432 0.335 0.032 0.036 0.017 0.033 0.162 5
5 0.137 0.079 0.243 0.079 0.215 0.127 0.137 0.196 0.152 4
6 0.137 0.149 0.196 0.275 0.215 0.243 0.094 0.064 0.175 6
7 0.079 0.051 0.064 0.051 0.208 0.161 0.176 0.176 0.123 3
8 0.017 0.033 0.017 0.012 0.017 0.017 0.064 0.055 0.026 1
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Table 6 The final ranking Collection center 1 2 3 4 5 6 7 8
CC; 0.4667 0.5288 0.3005 0.5288 0.6640 0.3700 0.6041 0.5870
R;=(1 —TR) 0.9334 0.8227 0.8085 0.7378 0.8470 0.8247 0.8766 0.9337
CC; x R; 0.4356 0.4351 0.2430 0.4430 0.5625 0.3051 0.5296 0.5715
Rank 5 8 4 2 7 3 1
Fig. 3 Rank of collection Final rank of collection centers according to each method
centers based on each method 9
8
7
6
5
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2
1
0
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environmental and economic criteria are considered con-
currently. Finally, the third case, which is the main prob-
lem solved in this study, ranks collection centers based on
all three sustainability dimensions. In all three mentioned
cases, both the FTOPSIS and FMEA are used simultane-
ously, and the method used for computing weights of cri-
teria is FANP. The final ranking of collection centers in the
three mentioned circumstances is presented in Fig. 5.
According to Fig. 5, the final ranking of collection
centers differs in situations where one, two, or all sus-
tainability dimensions are taken into account in evaluating
the performance of collection centers. In each of the cases
mentioned above, the weights of criteria are recalculated
regarding the considered criteria used for ranking, affecting

@ Springer
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the weights by eliminating some criteria and the relation of
those criteria to the existing ones.

5.1 Managerial insights

Solving the proposed model and analyzing the effects of
different circumstances on the final weight of criteria and
the final ranking of collection centers could be used in
presenting insights for the managers that intend to enhance
the operation of their organization. The result of this study
singled out the criteria that have the most significant effects
on the final result and implied that by implicating some
precaution measures, the performance level of collection
centers could be improved.
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Fig. 5 Effects of the dimensions

of sustainability on the final 9
ranking g
7%
7 2
\ 4
“ 6 \‘ /
g s < /
m \ /
4 N/
3 ¥
2
1
0
CC1 cc2 CC3

The final result of computing the weights of criteria for the
TOPSIS method shows the significance of rights of
employee, quality, and carbon footprint in the social,
economic, and environmental aspects of the performance
of collection centers, respectively. The score of collection
centers can be significantly improved by enhancing their
performance in the mentioned criteria. Managers can
control the quality of scrap by filtering their suppliers,
asking for a lower price for purchasing scrap with lower
quality, or improving the holding condition of collected
scrap before transferring them. The carbon footprint has a
direct correlation with the condition of vehicles used in
transportation, and it can be handled by the use of better
equipment in the transportation section. Finally, managers
can improve the condition of the workplace and offer a
small rise to the employees who work better and offer them
paid leaves to improve their performance regarding the
rights of employees.

The weights of criteria show that the most important
criteria in economic, environmental, and social aspects of
the operation of a collection center based on the FMEA
method are cost, water pollution, and safety, respectively.
When the managers of a collection center intend to reduce
the risk associated with the operation of their organization,
they should focus on these criteria. They can do this by
filtering their suppliers or reducing the cost associated with
the operations of their organization, which can lead to a
reduction in the cost of scrap. To reduce the effect of water
pollution, they can make a barrier between precipitation
and scrap or scrap and the groundwater and rivers. Finally,
they can educate their employees and improve safety
measures to improve their safety.

Managers can have a more comprehensive result by
collecting data from the collection centers themselves and
asking their opinion about the importance or relation of
different criteria. By doing so, they can present more
realistic weights for the selected criteria or even add new
criteria to the set, which would not have been necessary

Sensitivity analysis on dimenssions of sustainability

,P\
\ / A °
\ / N / .
,' \‘ l/ ==@ == Economic
\ 7 .
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\ l' \ ,’ 3
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Collection Centers

according to the opinion of current experts. The sensitivity
analyses showed that considering the relation between
criteria can significantly affect the final ranking of collec-
tion centers. Because of that, they should make the process
of evaluating the weights of criteria more precise.

In situations that collection centers intend to improve their
conditions regarding their environmental and social per-
formance, manufacturers can help them by offering the
same money that other collection centers ask for scrap.
However, they do not intend to improve their condition or
even have a good condition regarding environmental and
social issues. It is applicable for situations that collection
centers with good intentions have limited resources and sell
scrap at a reasonable price. This might seem like manufac-
turers are helping collection centers to operate better, but by
looking at the big picture, it is apparent that the final
performance of the whole chain would be enhanced.

6 Conclusion

Collection centers are an essential part of reverse supply
chains, and managers try to optimize their operations to
have more reliable supply chains. Numerous studies have
been done concentrating on the supplier selection problem,
but few of them did the same thing for collection centers.
Since the nature of the operation of these facilities is dif-
ferent, the evaluation of their performance level and risk,
mainly the criteria considered in their evaluation, would be
different. This research fits among the few studies evalu-
ating the performance level of collection centers, evaluat-
ing the performance of collection centers with both the
MCDM and FMEA methods to present a practical decision
for having a sustainable and low-risk reverse logistics
system. This methodology is applied because some criteria
are not appropriately addressed in MCDM methods, and
risk assessment measures like FMEA can address those
criteria more adequately.
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To the best of authors’ knowledge, the collection center
selection with both the MCDM and risk assessment mea-
sures has not been investigated in previous research.
Therefore, this study is the first one to investigate the
performance of these facilities regarding sustainability
aspects through the integration of FANP, FTOPSIS, and
FMEA. In order to address the uncertainty in the opinion of
experts, the fuzzy sets theory is used in the FANP and
TOPSIS approaches. Evaluating the performance level of
collection centers only with an MCDM or risk assessment
approach might present different final rankings. As pre-
sented in this study, the FTOPSIS method determined that
the fifth collection centers have the best performance level.
However, FMEA estimated that the risk associated with the
operation of the eighth collection center would be the
lowest, and the integration of these methods specified the
eight collection centers as the most reliable collection
center. The proposed methodology presents the final
ranking of the collection centers giving equal importance to
the MCDM and FMEA approaches. Hence, the limitation
of this approach could be that the decision-makers cannot
assign different weights to each method to analyze the
different circumstances. Finally, sensitivity analysis
showed both the methods used for computing the weights

of criteria, and the sustainability aspects could change the
final ranking of collection centers in different ways.

In future research, the performance level of all the
facilities and the risk associated with their operations in
reverse logistics or closed-loop supply chains can be con-
sidered, balancing the different aspects of sustainability.
The research can be extended, and a mathematical model
can be added to the model, so other parts of a sustainable
supply chain can be addressed. Moreover, other criteria
besides sustainable criteria in the MCDM and FMEA
methods can be added to the evaluation process to have a
more comprehensive collection center evaluation.
Addressing the opinion of experts using novel fuzzy
methods might represent more realistic results. Adding
more generic criteria considering a wide range of industries
and possibly using questionnaires through the Internet for
seeking more experts might also create more generic
information and managerial insights for evaluating the
performance level of collection centers considering risk.

Appendix: Extra tables

See Tables 7, 8, 9, 10, 11 and 12.

Table 7 Linguistic terms and
their related triangular fuzzy

Linguistic term comparison (performance)

Triangular fuzzy number

numbers (Sehra et al. 2019) Equally important (Very poor)

Moderately important (Poor)
Strongly important (Fair)
Very strongly important (Good)

Extremely important (Very good)

Intermediate values

(1,1,1)
(1,3,5)
3.,5.7)
(5,71,9)
(7,9,9)
(1,2,4), (2,4,6), (4,6,8), (6,8,9)

Table 8 General evaluation scheme

Rank Severity

Occurrence

Detection

9-10

7-8  Loss or degradation of primary functions

Failure to meet safety or regulatory requirements

Very high and inevitable
High and uncertain

No detection opportunity
Possibly detected by offline testing

5-6  Loss or degradation of secondary functions Moderate Possibly detected by planned online testing

2-4  Annoying effects Low Possibly detected by online automatic continuous testing

1 Annoying effects Very low Highly noticeable in regular operations

Z::Lz;ifsgl_) :rriltseorrilar?:;lrxdiontg Economic Cost Quality Delivery Flexibility Weight

economic criteria Cost (1,1 (3.,5.7) (2,4,6) (13.,5) 0.4201
Quality (0.143,0.2,0.333) (1,1,1) (0.2,0.333,1) (0.167,0.25,0.5) 0.0221
Delivery (0.167,0.25,0.5) (1,3,5) (1,1,1) (0.2,0.333,1) 0.2193
Flexibility (0.2,0.333,1) (2,4,6) (1,3,5) (1,1,1) 0.3383
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Table 12 The judgment of experts for risk criteria

Collection center Cost Quality Delivery  Environmental Carbon Safety Rights of Salary
management system footprint Employee
S ODS ODS OD S O D S O D S O D S O D S OD
1 4 3 2 3 2 4 3 3 2 3 3 2 4 5 4 5 3 43 3 2 3 2 3
2 54 5 55 3 5 6 5 5 6 4 4 2 3 4 4 2 5 6 5 6 6 5
3 56 4 6 4 5 6 5 6 5 5 6 2 3 2 3 3 2 6 5 6 5 6 6
4 6 4 5 55 6 6 7 6 6 6 5 32 4 4 2 3 2 3 2 3 3 2
5 4 4 5 4 3 4 6 5 4 4 3 4 6 4 5 4 5 3 4 4 5 55 4
6 4 4 5 5 4 4 5 5 4 6 5 5 6 4 5 5 6 4 4 4 3 3 4 3
7 34 4 3 4 2 4 3 3 3 4 2 5 4 6 6 4 3 4 5 5 5 4 5
8 2 3 2 33 2 32 2 2 2 3 32 2 23 2 3 4 3 3 3 4
susceptibility. Environ Monit Assess 192:46. https://doi.org/10.
1007/s10661-019-8025-8
Bhuvanesh Kumar M, Parameshwaran R (2018) Fuzzy integrated
. QFD, FMEA framework for the selection of lean tools in a
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