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Selection of Reverse Logistics Operating
Channels Through Integration of Fuzzy
AHP and Fuzzy TOPSIS: A Pakistani Case

Muhammad Nazam, Muhammad Hashim, Jamil Ahmad,
Waseem Ahmad and Muhammad Tahir

Abstract In the emerging business environment, the organizations must promote
alternative uses of resources that may be cost-effective and eco-friendly by extending
products’ routine life cycles. In this perspective, an efficient management of product
returns through reverse logistics operating channels is a strategic issue. Business
organizations including those of automobile manufacturing industries would like to
focus on their core competency areas and there is need of making outsourcing deci-
sions of their reverse logistics operating channels. There are five operating channels
of reverse logistics; Supplier Operation, Manufacturer Operation, Distributor Oper-
ation, Third Party Operation and Joint Operation. The objective of this work is to
develop the multi-criteria group decision support system to assist the top manage-
ment of the company in selection of reverse logistics operating channels through
integration of analytical hierarchy process (AHP) and technique for order preference
by similarity to ideal solution (TOPSIS) under fuzzy environment. An illustrative
case is included to validate the proposed method. The key findings and managerial
insights of present study also enables the logistics managers to better understand the
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complex relationships of the main attributes in the decision making environment and
subsequently improve the reliability of the decision making process.

Keywords Reverse logistics · Operating channels · Automotive sector · Fuzzy
AHP−TOPSIS

92.1 Introduction

In the past, supply chain process flow happens in the one way or forward direction
only. Nowadays, industries are encountering the issues of return flow of the prod-
ucts in the supply chain for a variety of reasons like product recalls, warranty failure,
guarantee failure, service failure, commercial returns, non-commercial returns, man-
ufacturing returns, end-of-life and end-of-use returns. Reverse logistics is the process
of return product handling mechanism in forward supply chain. Due to the grow-
ing environmental legislations, more attention is given to Reverse Logistics. Reverse
Logistics (RL) is the process of planning, implementing and controlling the efficient,
cost effective flow of raw materials, in process inventory, finished goods and related
information from the point of consumption to the point of origin for the purpose of
recapturing value, or proper disposal [10].

The research of reverse logistics is in exploration stage. In Addition, cost mini-
mization is possible in reverse logistics. A reverse logistics defines a supply chain that
is redesigned to efficient manage the flow of products or parts designed for remanu-
facturing, recycling or disposal and to effectively utilize resources [11]. The various
functions executed through RL activities include gate-keeping, compacting dispo-
sition cycle times, remanufacturing and refurbishment, asset recovery, negotiation,
outsourcing and customer service [8].

In addition to disposition and transportation, value added services such as JIT,
quick response and program solutions are also important functions in reverse logis-
tics. Recovery of products for remanufacturing, repair and recycling can create prof-
itable business opportunities. For managing the returns, the companies can reuse
them, resell or destroy them. Retailersmay return the goods due to seasonality, expiry
or because of transit damage. Customers may return the goods due to poor quality.
Managing the product returns increases the customer service level and retention
level. Each activity from procurement to distribution generates waste and reduction
of this waste is a major goal of environmentally conscious business practices [16].
Manufactures see reverse logistics as a process of recovering defective products or
reusable containers back from the user. In the e-commerce since buyers need assur-
ance for refund, reverse logistics is an important issue. Owing to R approach, this
area present an opportunity for research. A conceptual framework formanaging retail
reverse logistics operation is presented in [12].
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In the case study conducted by [1], three companies were visited and identified
reverse logistics process flow and the strategic issues a firm may use for competi-
tive advantage. An integrated forward logistics multi echelon distribution inventory
supply chain model and closed loop multi echelon distribution for the built to order
environment was designed using genetic algorithm and particle swarm optimiza-
tion. A model for green supply chain management with incomplete information was
developed [3]. Reverse logistics was suggested as an area for future research and
the advantages of soft computing is its capability to tolerate imprecision, uncertainty
[2]. A mathematical model for the design of Reverse Logistics network design was
proposed [6, 9, 19] considering the location and allocation of facilities. A dynamic
model was constructed and validated the same using the data collected from the
computer company [18]. A distribution system which uses a combination of man-
ufacturing and remanufacturing was proposed and the models were compared with
respect to the various prices.

From the above references, studies have been done for the RL network design
and the selection of third party logistics provider. But AHP and Fuzzy TOPSIS has
not been used by any researcher for selection of RL operating channels selection.
The companies can choose five operating channels for performing the RL activities
(1) Supplier Operation collecting the raw material-Supplier Operation (2) Manufac-
turer collecting the used products-Manufacturer Operation (MO). (3) The distributor
should control human resources, information systems and related equipment. (4)
Outsourcing to third party-Third Party Operation (TPO). (e) Retailer will collect
the used products- Joint Operation (JO). Remanufacturing costs may be reduced by
third party. Since the third party logistics is using his latest technology and resource
sharing advantages, uncertainty of recovery may be reduced. By outsourcing reverse
logistics activities, the organizations can concentrate on their core business opera-
tion, but customer satisfaction and delivery performance may be improved. Third
party reverse logistics provider will compete with each other in specific areas like
price, quality and credit. Logistics costs will be reduced and order fill rate will be
improved. Each channel has its distinct characters and suitable for companies with
their sole service requirements. Evaluating and selecting reverse logistics channels
is regarded as fuzzy multi criteria group decision making (FMCGDM) process in
which a decision maker chooses the best option among the existing alternatives.

The rest of this paper is structured as follows. Following the introduction, in
Sect. 92.2, the key problem for the automotive industry with different kinds of
attributes in a reverse logistics under uncertain environment is described. The formu-
lation of a fuzzy (MCGDM) model for selecting reverse logistics operating channels
in a supply chain and its conversion into a crisp value can be explained in Sect. 92.3.
In Sect. 92.4, a practical case study is presented to demonstrate the applicability of
the proposed model. In the final section, the conclusions and directions for future
research are discussed.
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92.2 Problem Statement

In this problem, we classified the RL operating channels into five types based on
the newly introduced attributes and as well as through literature review. Nowa-
days, profitable reuse and remanufacturing of automotive parts must meet the chal-
lenges of turbulent business environment which may includes continuous change
in design pattern, frequent price fluctuations of new car models, disassembly of
unfriendly designs, short life cycles, and prohibiting transport, labor and machining
costs in high-wage countries. In current business environment, the remanufacturing
of expensive, long-living investment machine/equipments, e.g., jet fans, machine
tools, defense equipment or automobile engines, is extended to a large number of
consumer goods with short life cycles and relatively low values. Reuse is an alter-
native to material recycling to comply with recovery rates and quantities as well as
special treatment requirements.

Reverse Logistics can be applied to wide variety of industries like pharmaceutical,
electronic, chemical, automobile and computer manufacturers. Automobile compa-
nies recover the end of life auto parts. Automotive products that contain hazardous
materials are disposed. Reverse Logistics may take place through Supplier Opera-
tions (SO), Manufacturer Operation (MO), Distributor Operation (DO), Third Party
Operation (TPO), and Joint Operation (JO). The criteria for the selection of RL oper-
ating channels have been found through literature review and experts discussions.
The detailed classification of attributes is structured in Fig. 92.1.

92.3 Formulating a Fuzzy MAGDMModel for Selecting
RL Operating Channels

This section proposes amethodology for selecting RL operating channels in the auto-
motive sector. The methodology consists of three main stages as given in Fig. 92.2.
The first step requires the firm to come up with a comprehensive hierarchy of all the
criterion which may affect the firm. This is done by thoroughly studying the consid-
ered chain and identifying potential loopholes. These are then analyzed for overlaps
and categorized using similar characteristics. This exercise should be repeated when-
ever a major change is made in the chain. The second step in the process involves
assigning weights to the attribute according to their importance. Fuzzy AHP is used
for this purpose and expert views are taken as input. The third step involves determin-
ing the scores of different criterion by analyzing them under five different attribute;
namely logistics, financial, environmental, capacity, and alliances. In the fourth step
fuzzy TOPSIS approach is employed to evaluate the organization’s readiness of
selecting RL operating channels [4]. Finally, comparison of results and managerial
implications has been discussed.
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Fig. 92.1 The detailed classification of attributes

92.3.1 Fuzzy Hierarchical Approach for Selecting
RL Operating Channels

In this section, an integrated fuzzy AHP-TOPSIS methodology is employed for
selecting RL operating channels. In fuzzy AHP, fuzzy ratio scales are used to indi-
cate the relative strength of the factors in the corresponding attribute. Therefore, a
fuzzy judgment matrix can be constructed. The final scores of alternatives are also
represented by fuzzy numbers. The optimum alternative is obtained by ranking the
fuzzy numbers using special algebraic operators. In this methodology, all elements in
the judgment matrix and weight vectors are represented by triangular fuzzy numbers.

Using fuzzy numbers to indicate the relative importance of one type over the other,
a fuzzy judgment vector is then obtained for each criterion. These judgment vectors
form part of the fuzzy pairwise comparison matrix which is then used to determine
the weight of each criterion. Table92.1 shows the meaning of linguistic expressions
in the form of fuzzy numbers and Table92.2 shows the random consistency index to
calculate the consistency ratio (CR). Figure92.3 represents the fuzzy membership
function for linguistic expressions for attribute and sub-attribute. Experts are asked
to give their assessment in the form of these linguistic expressions which are then
converted and analyzed to finally get the weights. Chang’s extent analysis method
has been used for determining weights from pairwise comparisons (Table92.3).
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Fig. 92.2 The methodology consists of three main stages

Table 92.1 Scale for relative importance used in the pairwise comparison matrix

Intensity of
importance

Fuzzy number Linguistic
variable

Triangular fuzzy
numbers (TFNs)

Reciprocal of
(TFNs)

1 1̃ Equally important (1, 1, 3) (0.33, 1.00, 1.00)

3 3̃ Weekly important (1, 3, 5) (0.20, 0.33, 1.00)

5 5̃ Strongly
important

(3, 5, 7) (0.14, 0.20, 0.33)

7 7̃ Very strongly
important

(5, 7, 9) (0.11, 0.14, 0.20)

9 9̃ Extremely more
important

(7, 9, 11) (0.09, 0.11, 0.14)
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Table 92.2 The random consistency index

Size (n) 1 2 3 4 5 6 7 8

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40

0.0 1 2 3 4 5 6 7 8 9 10 11

Equally Moderately Strongly Very Strongly Absolutely
1 3 5 7 9

0.5

1.0

(x)Mµ

Fig. 92.3 Fuzzy membership function for linguistic expressions for attribute and sub-attribute

Table 92.3 Fuzzy evaluation
scores for alternative

Linguistic variables Corresponding TFNs

Very poor (VP) (1, 1, 3)

Poor (P) (1, 3, 5)

Medium (M) (3, 5, 7)

Good (G) (5, 7, 9)

Very good (VG) (7, 9, 11)

For evaluating and ranking the alternatives, the fuzzy TOPSIS method is very
suitable for solving real life application problems under a fuzzy environment.
TOPSIS one of the classical multi-attribute decision making methods was devel-
oped by Hwang and Yoon [4]. Table92.2 gives the linguistic scale for evaluation
of the alternatives. Assuming that a decision group has K people, the ratings of
alternatives with respect to each criterion can be calculated as Eq. (92.1).

x̃ij = 1

K

[
x̃1ij(+)x̃2ij(+) · · · (+)x̃kij

]
, (92.1)

where x̃kij is the rating of the Kth decision maker for ith alternative with respect to
jth criterion. Obtaining weights of the attribute and fuzzy ratings of alternatives with
respect to each criterion, the fuzzy multi-attribute decision-making problem can be
expressed in matrix format as
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D̃ =

⎡

⎢⎢⎢
⎣

x̃11 x̃12 · · · x̃1n
x̃21 x̃22 · · · x̃2n
...

...
. . .

...

x̃m1 x̃m2 · · · x̃mn

⎤

⎥⎥⎥
⎦

, W̃ = [w̃1, w̃2, . . . , w̃n], (92.2)

where x̃ij is the rating of the alternative Ai with respect to criterion j (i.e. Cj) and wj

denotes the importance weight of Cj. These linguistic variables can be described by
triangular fuzzy numbers: x̃ij = aij, bij, cij. To avoid the complicated normalization
formula used in classical TOPSIS, the linear scale transformation is used here to
transform the various attribute scales into a comparable scale. Therefore, we can
obtain the normalized fuzzy decision matrix denoted by R̃

R̃ = [r̃ij]m×n, (92.3)

where B and C are the set of benefit attribute and cost attribute, respectively, and

r̃ =
(
ãij
c∗
j

,
b̃ij
c∗
j

,
c̃ij
c∗
j

)
, j ε B, (92.4)

r̃ =
(
a−
j

cij
,
b−
j

bij
,
c−
j

aij

)
, j ε C, (92.5)

c∗
j = max

i
cij, if j ε B, (92.6)

a−
j = min

i
cij, if j ε C. (92.7)

The normalizationmethodmentioned above is to preserve the property that the ranges
of normalized triangular fuzzy numbers belong to [0, 1].

Considering the different importance of each criterion, we can construct the
weighted normalized fuzzy decision matrix as

Ṽ = [ṽij]m × n, i = 1, 2, . . . ,m; j = 1, 2, . . . , n, (92.8)

where

ṽij = r̃ij(.)d(Cj). (92.9)

According to the weighted normalized fuzzy decision matrix, we know that the
elements ṽij∀, j are normalized positive triangular fuzzy numbers and their ranges
belong to the closed interval [0, 1]. Then, we can define the fuzzy positive-ideal
solution (FPIS,A∗) and fuzzy negative-ideal solution (FNIS,A−) as

A∗ = (ṽ∗
1, ṽ

∗
2, . . . , ṽ

∗
n), (92.10)

A− = (ṽ−
1 , ṽ−

2 , . . . , ṽ−
n ), (92.11)
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where

ṽ∗
j = (1, 1, 1) and ṽ−

j = (0, 0, 0) (92.12)

The distance of each alternative from A∗ and A− can be currently called as

d∗
i =

n∑

j=1

d(ṽij, ṽ
∗
j ), i = 1, 2, . . . , n, (92.13)

d−
i =

n∑

j=1

d(ṽij, ṽ
−
j ), i = 1, 2, . . . , n, (92.14)

where d(.) is the distance measurement between two fuzzy numbers calculating with
the following formula:

d(ρ̃, τ̃ ) =
√
1

3
[(ρ1 − τ1)2, (ρ2 − τ2)2, (ρ3 − τ3)2], (92.15)

CCi = d−
i

d−
i + d+

i

. (92.16)

Obviously, an alternative Ai is closer to the (FPIS, A∗) and farther from (FNIS, A−)
as CCi approaches to 1. Therefore, according to the closeness coefficient, we can
determine the ranking order of all alternatives and select the best one from among a
set of feasible alternatives.

92.4 Practical Application

The proposed model is developed to sort the solutions for selecting RL operating
channels to deal its attributes. Based on the previous section, the practical application
can be explained with numerical results as following.

92.4.1 Presentation of the Problem

A fuzzy multi-criteria group decision making (FMCGDM) model is applied to a real
problem in industry. An electronics industry located in the western part of Pakistan
is selected. The industry wanted a systematic way to implement the reverse logistics
operations. Reverse Logistics brings significant improvements in the manufacturing
process and the correct decisions made brings the industry competitive advantage.
Therefore selecting the most important operating channels is of great importance for
the industry. To collect the used auto spare parts and automobiles from the customers,
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the industry may choose Supplier Operation (SO), Manufacturer Operation (MO),
Distributor Operation (DO), Third Party Operation (TPO) and Joint Operation (JO).

Nowadays, companies in Pakistan realize that physical distribution and reverse
logistics management play a vital role in organization success and that selecting RL
operating channels in supply chain is becoming an important activity. Only a few
companies have adopted reverse logistics practices in integration with supply chain.
But the success ratio is very low due to barriers selecting channels in supply chain.
To improve the success rate it is essential to assess the attributes and solutions to
overcome them. It is difficult to implement all attributes at the same time. Therefore,
it is important and necessary to highlight these solutions of selecting RL operating
channels, hence, Pakistani firms can focus on the prioritize solutions and implement
them in a procedural way.

92.4.2 Case Solution

Phase 1. Identification of attributes and selection of RL operating channels
The decision group is composed of the 3 expert panel which comprising planning

manager, production manager and logistics manager. In this study, through the panel
discussion, the detailed sub-attribute under five main attribute (logistics, financial,
environmental, capacity and alliances) were identified. The results are illustrated in
Fig. 92.1, in which the hierarchy is descended from the general attribute in the second
level to more detailed sub-attribute.

The overall objective of decision process determined as for selecting RL operating
channels is in the first level of hierarchy. The main attribute on the second level, the
sub-attribute at third level and alternative operating channels solutions in the fourth
level of hierarchy See Fig. 92.1.

Phase 2. Calculation of the attribute weight by using fuzzy AHP
The committee members are asked to construct pair wise comparisons of five

major attributes and 24 sub attributes by employing linguistic variables by using
Tables92.1 and 92.2. Through the arithmetic mean the pairwise comparisonmatrixes
of attribute and sub attribute are established and given in Tables92.4, 92.5, 92.6,
92.7, 92.8 and 92.9. The computational results got from the computations based on
pairwise comparison matrixes provided in Tables92.4, 92.5, 92.6, 92.7, 92.8 and

Table 92.4 Pairwise
comparison matrix of the
major criterion

C1 C2 C3 C4 C5

C1 1 0.14 0.33 0.33 0.14

C2 7 1 7 5 3

C3 3 0.14 1 0.33 0.2

C4 3 0.2 3 1 0.33

C5 7 0.33 5 3 1
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Table 92.5 Pairwise comparison matrix of the sub-attribute with respect to logistics attribute

L1 L2 L3 L4 L5 L6

L1 1 3 3 0.33 0.33 0.33

L2 0.33 1 0.33 0.11 0.14 0.14

L3 0.33 3 1 0.14 0.33 0.33

L4 3 9 7 1 3 3

L5 3 7 3 0.33 1 0.33

L5 3 7 3 0.33 3 1

Table 92.6 Pairwise
comparison matrix of the
sub-attribute with respect to
financial attribute

F1 F2 F3 F4 F5

F1 1 3 9 5 9

F2 0.33 1 5 3 9

F3 0.11 0.20 1 0.33 3

F4 0.20 0.33 3 1 7

F5 0.11 0.11 0.33 0.14 1

Table 92.7 Pairwise
comparison matrix of the
sub-attribute with respect to
environmental attribute

E1 E2 E3 E4

E1 1 0.14 0.14 0.11

E2 7 1 1 0.33

E3 7 1 1 0.33

E4 9 3 3 1

Table 92.8 Pairwise
comparison matrix of the
sub-attribute with respect to
capacity attribute

C1 C2 C3 C4 C5

C1 1 3 7 3 7

C2 0.33 1 7 3 3

C3 0.14 0.14 1 0.33 0.33

C4 0.33 0.33 3 1 3

C5 0.14 0.33 3 0.33 1

Table 92.9 Pairwise
comparison matrix of the
sub-attribute with respect to
alliances attribute

A1 A2 A3 A4

A1 1 0.11 0.11 0.14

A2 9 1 1 0.33

A3 9 1 1 0.33

A4 7 3 3 1
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Table 92.10 Weights of criteria and sub-criteria for selection of reverse logistics operating channels

Major criterion Major
criterion
weight

Sub-attribute Consistency Ratio
weight

Final
weight

Ranking

Logistics 0.0392 L1 0.0830 0.0986 0.0039 21

L2 0.0296 0.0012 24

L3 0.0592 0.0023 23

L4 0.4114 0.0161 12

L5 0.1641 0.0064 19

L6 0.2399 0.0094 17

Financial 0.5020 F1 0.0995 0.5153 0.2587 1

F2 0.2660 0.1335 3

F3 0.0579 0.0291 10

F4 0.0579 0.0291 10

F5 0.0278 0.0140 15

Environmental 0.0655 E1 0.0502 0.0379 0.0025 22

E2 0.2170 0.0142 14

E3 0.2190 0.0143 13

E4 0.5281 0.0346 8

Capacity 0.1208 C1 0.0529 0.4799 0.0580 7

C2 0.2605 0.0315 9

C3 0.0415 0.0050 20

C4 0.1414 0.0171 11

C5 0.0766 0.0093 18

Alliances 0.2725 A1 0.0989 0.0359 0.0098 16

A2 0.2325 0.0634 6

A3 0.2450 0.0668 4

A4 0.4990 0.1360 2

92.9, are shown in Table92.10. Consistency ration values of all the matrices are less
than 0.1, therefore, these matrices are sufficiently consistent.

Phase 3. Evaluation of the solutions of RL operating channels
The decision makers constructed a fuzzy evaluation matrix by taking linguistic

variables shown in Table92.3. It is constructed by comparing solutions under each
of the attributes separately (See Table92.11). Then transformed linguistic expres-
sions into triangular fuzzy numbers and established the fuzzy evaluation matrix
(See Table92.12). Aggregate fuzzy weights of the alternatives are computed using
Eq. (92.2) and presented in Table92.13. In this study all the attribute are the bar-
riers of selecting reverse logistics operating channels in supply chain, as per the
goal minimization of these barriers is required. Hence, all the barriers are termed as
cost attribute and normalization performed by Eq. (92.6) and for further detail (See
Table92.14). Next step is to obtain a fuzzy weighted evaluation matrix. Using the
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attribute weight calculated by fuzzy AHP (See Table92.10), the weighted evaluation
matrix is established using the Eq. (92.7) which is shown in Table92.15.

Phase 4. Determination of final rank by fuzzy TOPSIS
In this study all the sub-attributes are the cost criteria. Hence, fuzzy positive-ideal

solution (FPIS,A∗) and fuzzy negative-ideal solution (FNIS,A−) as ṽ∗ = (0, 0, 0)
and ṽ− = (1, 1, 1) for all these sub-criterion. Then compute the distance d of each
alternative form FPIS and FNIS using the Eqs. (92.10) and (92.11). For example the
distance dv (A1,A∗) and dv

(
A1,A−)

for alternative A1 and sub-criteriaM1 from FPIS
and FNIS, are calculated as follows.

d
(
A1,A

∗) =
√
1

3
(0 − 0.0008)2 + (0 − 0.0023)2 + (0 − 0.0039)2,

d
(
A1,A

∗) = 0.00264,

d
(
A1,A

−) =
√
1

3
(1 − 0.0008)2 + (1 − 0.0023)2 + (1 − 0.0039)2,

d
(
A1,A

−) = 0.99768.

Similarly, calculations are done for other sub-criterion for solutions of alternative
A1 and computed the cumulative distances of d+

i and d−
i as d+

i = 0.4725 and d−
i =

23.6246. By using the Eq. (92.12), the closeness coefficient (CCi) of alternative A1

computed as follows.

CCi = d−
i

d−
i + d+

i

= 23.6246

23.6246 + 0.4725
= 0.98039.

The same procedure can be adopted to compute the distances and (CCi) values
of remaining alternatives. The final results are summarized in Table92.16. Based on
(CCi) values rank the alternatives in descending order.

92.4.3 Case Analysis

In this section, the results derived for the proposed hybrid AHP-TOPSIS framework
depict thatA3 has thehighest coefficient closeness value, therefore selectionof reverse
logistics operating channels among the five alternative operating channels should be
recommended. Therefore, based on the (CCi) values, the ranking of alternatives in
descending order are A3, A1, A5, A2 and A4.
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Table 92.13 Fuzzy evaluation matrix for selection of reverse logistics operating channels

L1 L2 · · · A1 A2

A1 (1.00, 1.67,
5.00)

(1.00, 4.33, 9.00) · · · (1.00, 5.00,
11.0)

(1.00, 2.33, 7.00)

A2 (0.14, 0.27,
1.00)

(0.09, 0.17, 1.00) · · · (0.11, 0.23,
1.00)

(0.09, 0.20, 1.00)

A3 (0.09, 0.14,
0.33)

(0.11, 0.27, 1.00) · · · (0.14, 0.33,
1.00)

(0.11, 0.23, 1.00)

A4 (0.14, 0.33,
0.10)

(0.14, 0.33, 1.00) · · · (0.09, 0.23,
1.00)

(0.23, 0.42, 1.00)

A5 (0.11, 0.20,
1.00)

(0.14, 0.33, 1.00) · · · (0.14, 0.23,
1.00)

(0.11, 0.27, 1.00)

Table 92.14 Normalized fuzzy decisionmatrix for selection of reverse logistics operating channels

L1 L2 · · · A1 A2

A1 (0.20, 0.60,
1.00)

(0.11, 0.23,
1.00)

· · · . (0.09, 0.20,
1.00)

(0.14, 0.42, 1.00)

A2 (0.14, 0.27,
1.00)

(0.09, 0.17,
1.00)

· · · (0.11, 0.23,
1.00)

(0.09, 0.20, 1.00)

A3 (0.09,0.14,0.33) (0.11,0.27,1.00) · · · (0.14,0.33,1.00) (0.11,0.23,1.00)

A4 (0.14,0.33,0.10) (0.14,0.33,1.00) · · · (0.09,0.23,1.00) (0.23,0.42,1.00)

A5 (0.11,0.20,1.00) (0.14,0.33,1.00) · · · (0.14,0.23,1.00) (0.11,0.27,1.00)

Table 92.15 Weighted normalized fuzzy decisionmatrix for selection of reverse logistics operating
channels

L1 L2 · · · A1 A2

A1 (0.0008, 0.0023,
0.0039)

(0.0001, 0.0003,
0.0012)

· · · (0.0009, 0.0020,
0.0098)

(0.0091, 0.0272,
0.0634)

A2 (0.0006, 0.0011,
0.0039)

(0.0001, 0.0002,
0.0012)

· · · (0.0011, 0.0023,
0.0098)

(0.0058, 0.0127,
0.0634)

A3 (0.0004, 0.0006,
0.0013)

(0.0001, 0.0003,
0.0012)

· · · (0.0014, 0.0033,
0.0098)

(0.0070, 0.0146,
0.0634)

A4 (0.0006, 0.0013,
0.0039)

(0.0002, 0.0004,
0.0012)

· · · (0.0009, 0.0023,
0.0098)

(0.0127, 0.0272,
0.0634)

A5 (0.0004, 0.0008,
0.0039)

(0.0002, 0.0004,
0.0012)

· · · (0.0014, 0.0023,
0.0098)

(0.0070, 0.0173,
0.0634)
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Table 92.16 Fuzzy TOPSIS results and final ranking for selection of reverse logistics operating
channels

Alternatives d+
i d−

i CCi Ranking

A1 0.4725 23.6246 0.98039 2

A2 0.5560 23.3963 0.97679 4

A3 0.4461 23.6477 0.98148 1

A4 0.5985 23.5331 0.97520 5

A5 0.5494 23.1490 0.97682 3

92.5 Conclusion

The evaluation and selection of the RL operating channels for automobile industry
segment is a strategic management level decision. The e-waste is terribly increasing
and it has become menace to community and green supply chain burden. Although
financial and operational attributes are involved, the applicability of reverse logistics
RL may be a dangerous activity for the industry. However growing environmen-
tal/green supply chain concerns have stimulate the industries to opt for reverse logis-
tics operating channels. Nowadays the core agenda is bywhich channel the industries
will be able to collect the required returned product.

The proposed methodology based on hybrid fuzzy AHP-TOPSIS is used for the
selection of RL operating channels. The problem addressed in this research has been
described as a fuzzy multi-criteria group decision making method under uncertainty,
prompting the need for the method to handle imprecise judgments from experts.

Future research includes incorporating a two phasemethodology combining fuzzy
AHP-VIKOR and slightly carrying out sensitivity analysis to confirm the robustness
in the relevant industries.
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