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Abstract: Nowadays, sustainable End-of-Life vehicle (ELV) management has been recognized as the most 
important issue to overcome environmental and economic challenges for most companies. Hence, sustainable 
ELV strategies evaluation plays a crucial rule in order to improve the sustainability performance of companies. 
In this paper, an evaluation model based on the Fuzzy Analytic Hierarchy Process (AHP) and the Fuzzy 
Technique for Order Performance by Similarity to Ideal Solution (TOPSIS) is proposed to help company 
managers for the selection of optimal sustainable ELV strategy in a fuzzy environment where the vagueness 
and subjectivity are handled with linguistic values. Fuzzy AHP is used to determine the relative weights of the 
evaluation sustainable criteria and Fuzzy TOPSIS is applied to investigate the six ELV strategies. The findings 
indicate the usefulness of the proposed model in evaluating sustainable ELV strategies with human linguistic 
terms and how it simplifies the decision-making process.  
 

Keywords: End-of-Life Vehicle (ELV), Evaluation, Fuzzy, Multi-Criteria Decision Making, AHP, 
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1 Introduction 
Nowadays, the concern for environmental issues has 
motivated the development of new concepts to 
decrease the impacts caused by product disposal. 
Hence, most companies are trying to develop 
solutions which can aid in the efficient utilization of 
resources and the reduction of current 
environmental impacts [1]. In this context, 
sustainable End-of-Life Vehicle (ELV) management 
presents strategies such as landfill, incineration, 
recycle, and repair to reduce environmental impacts 
and improve economical and social benefits [2]. 

Using the best sustainable ELV strategy with 
companies results in reduce the environmental 
impacts, maintain the minimal regulatory standards 
for acceptable pollution levels, and decrease the 
wasteful use of natural resources. According to this 
subject that the evaluation of ELV strategies and 
optimal selection of alternatives have multi-level 
and multi-factor features, so it can be considered as 
a multiple criteria decision-making (MCDM) 
problem. It should be noted that using suitable 
dimensions, criteria, and sub-criteria improve the 
quality of decision-making in the assessment of 
sustainable ELV strategies.  

In the primitive forms of MCDM methods, 
experts’ comparisons about the criteria, sub-criteria, 
and alternatives are mentioned in terms of exact 
numbers. These methods could not obtain correct 
answers in most practical cases. In fact, the experts’ 
preferences are uncertain and they are reluctant to 
draw numerical comparisons in many MCDM 
problems. The fuzzy decision-making methods are 
presented to tackle aforementioned shortage. These 
methods are able to use fuzzy and vague data in 
comparison with classical decision-making methods 
that work only with exact data. The ability of human 
for qualitative data processing helps them to make 
decisions in fuzzy environment. The main objective 
of this paper is to propose an integrated model of 
AHP and TOPSIS with a Fuzzy approach to 
evaluating sustainable ELV strategies. The Fuzzy 
AHP is applied to determine the importance of 
weights of evaluation criteria, and the Fuzzy 
TOPSIS is used to estimate the final ranking of the 
ELV strategies in linguistic values parameterized 
with triangular fuzzy numbers. This model is used 
for four reasons: (a) TOPSIS logic is rational and 
understandable; (b) the computation processes are 
straightforward; (c) the concept allows the pursuit of 
best alternatives for each criterion depicted in a 
simple mathematical form, and (d) the importance 
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of weights are incorporated into the comparison 
procedures. 

The reminder of paper is organized as follows. In 
the second section will be presented. Section three 
describes the Fuzzy AHP and Fuzzy TOPSIS 
models. The proposed approach to evaluating 
sustainable ELV strategies along with a case study 
is represented in section 4. In the last section, 
discussion and the extracted conclusions from the 
suggested model will be presented.  

 

2 Literature Review 
The recovery of products and components play an 
important role in increasing environmental and 
economic values for companies. The end of life 
strategies are alternatives that support this recovery. 
In this regard, several models and methods have 
been presented to evaluate ELV strategies and 
improve recovery process.  

Dantec [3] assessed the cost of recycling 
compliance in the automotive sector. Shih et al. [4] 
suggested an economic model to carry out cost-
benefit analysis in recycling. They used Case-based 
reasoning method to find recycling strategy and 
applied economic analysis model to estimate 
recycling cost and benefit.  

Lee et al. [5] presented a decision model to 
assess the economics of the remanufacturing and 
disassembly processes. They considered 
environmental legislation for this evaluation. Lee et 
al. [6] and Hula et al. [7] presented a mathematical 
model to evaluate EoL alternatives by defining 
objectives such as maximization of net profit or 
minimization of costs. Similarly, Tan and Kumar [8] 
and Das and Yedlarajiah [9] suggested a linear 
programming model and a mixed integer program in 
order to evaluate EoL options, respectively. Chan 
and Tong [10] applied grey relational analysis to 
assess EoL strategies in terms of material selection. 
A multi-objective procedure has been proposed for 
product recovery optimization by Jun et al. [11] 
Ghazalli and Murata [12] proposed an AHP and 
case-based reasoning method to evaluate EoL 
options. Sakai et al. [13] has done a comparative 
analysis of ELV recycling systems in order to 
evaluate the characteristics and effectiveness of 
legislative systems for ELV recycling in several 
countries and regions.  

Saavedra et al. [14] analyzed and investigated the 
current remanufacturing prospects and opportunities 
in Brazil. Diabat et al. [15] proposed a Fuzzy 
TOPSIS approach to evaluate green supply chain 
practices and performances in an automotive 
industry. Abdulrahman et al. [16] used an analytic 

hierarchy process (AHP) to assess remanufacturing 
practices in Chinese auto parts companies.  
Keivanpour et al. [17] presented a modeling 
approach based on fuzzy logic-based system to 
evaluate the economic sustainability of ELV 
dismantlers under uncertainties. 

 

3 The FAHP and FTOPSIS 
Methodology 
3.1 Fuzzy AHP Model 
The AHP (Saaty, [18]) is a quantitative technique 
which organizes a multi-attribute, multi-person and 
multi-period problem hierarchically so that solutions 
are facilitated. One of the main advantages of this 
method is the relative effectiveness with which it 
considers multiple criteria. But there are several 
limitations for this method: (1) The AHP method 
mainly applied in nearly crisp decision application. 
(2) The AHP methods make the very unbalanced 
scale of judgment. (3) The AHP method is not able 
to consider handle the uncertainty and ambiguity 
associated with mapping of one’s judgment to a 
number. (4) Ranking of AHP method is not precise. 
(5) The subjective judgment, selection and 
preference of decision makers have great influence 
on the AHP results.[19] Therefore, a Fuzzy AHP 
was developed in terms of AHP to solve the 
hierarchical fuzzy problems. Many Fuzzy AHP 
methods are presented by various authors [20, 21]. 
The fuzzy AHP method which is used in this study 
is based on methodology steps of Ayag [22]. The 
performance scores are compared in the first step. 
Linguistic terms are used to represent the relative 
strength of each pair of elements in the same 
hierarchy. Then in the second step, the fuzzy 
comparison matrices are built. Triangular fuzzy 
numbers (1� , 3� , 5� , 7� , 9�) are applied to display the 
relative strength of each pair of elements in the same 
hierarchy. The fuzzy judgment matrix, 𝐴̃𝐴 via pair 
wise comparison is constructed as given below:  

𝐴̃𝐴=�

1 𝑎𝑎�12 ⋯ ⋯ 𝑎𝑎�1𝑛𝑛
𝑎𝑎�21 1 ⋯ ⋯ 𝑎𝑎�2𝑛𝑛
⋮ ⋮ ⋮ ⋮ ⋮
𝑎𝑎�𝑛𝑛1 𝑎𝑎�12 ⋯ ⋯ 1

�                     (1) 

Where 𝑎𝑎� ij = 1, if i is equal j, and 𝑎𝑎� ij = 1� , 3� , 5� , 7� , 
9�  or 1�−1, 3�−1, 5�−1, 7�−1, 9�−1, if i is not equal j. In 
the third step, the fuzzy eigenvalues are calculated. 
A fuzzy eigenvalue, 𝜆̃𝜆, is a fuzzy number solution 
to: 
𝐴̃𝐴𝑥𝑥�=ʎ�𝑥𝑥�                                                                    (2) 

Where ʎ�max is the largest eigenvalue of 𝐴̃𝐴 and 𝑥𝑥� is 
a non-zero n × 1, fuzzy vector containing fuzzy 
number 𝑥𝑥�i. To compute fuzzy multiplications and 
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additions by using the interval arithmetic and α-cut, 
the equation 𝐴̃𝐴𝑥𝑥� = ʎ�𝑥𝑥� is equivalent to: 
[𝑎𝑎𝑖𝑖1𝑙𝑙𝛼𝛼 𝑥𝑥1𝑙𝑙

𝛼𝛼 , 𝑎𝑎𝑖𝑖1𝑢𝑢𝛼𝛼 𝑥𝑥1𝑢𝑢
𝛼𝛼 ] ⊕…..⊕ [𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 𝑥𝑥𝑛𝑛𝑛𝑛𝛼𝛼 , 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 𝑥𝑥𝑛𝑛𝑛𝑛𝛼𝛼 ] = 

[ʎ𝑥𝑥𝑖𝑖𝑖𝑖𝛼𝛼 , 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝛼𝛼 ] 
where, 

𝐴̃𝐴 = [𝑎𝑎𝑖𝑖𝑖𝑖𝛼𝛼 ] , 𝑥𝑥�𝑡𝑡  = (𝑥𝑥�1,…….. 𝑥𝑥�𝑛𝑛 ), 
𝑎𝑎�𝑖𝑖𝑖𝑖𝛼𝛼  = [𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 , 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 ], 𝑥𝑥�𝑖𝑖𝑖𝑖𝛼𝛼= [𝑥𝑥𝑖𝑖𝑖𝑖𝛼𝛼 , 𝑥𝑥𝑥𝑥1𝑢𝑢𝛼𝛼 ], 

 𝜆̃𝜆𝛼𝛼= [𝜆𝜆𝑙𝑙𝛼𝛼 , 𝜆𝜆𝑢𝑢𝛼𝛼]                                                          (3) 

for 0 < 𝛼𝛼 ≤ 1 and all i, j, where i = 1, 2, . . . , n, j 
= 1, 2 . . . , n. 

The α-cut is famous to contain the experts or 
decision maker confidence over his/her preferences. 
The degree of satisfaction for the judgment matrix 𝐴̃𝐴 
is calculated by the index of optimism μ. A larger 
value of the index μ shows a higher degree of 
optimism. The index of optimism is a linear convex 
combination defined as: 

𝑎𝑎�𝑖𝑖𝑖𝑖𝛼𝛼 =𝜇𝜇𝑎𝑎�𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 +(1- 𝜇𝜇) 𝑎𝑎�𝑖𝑖𝑖𝑖𝑖𝑖𝛼𝛼 ,∀𝛼𝛼𝜖𝜖[0,1]                              (4) 

When α is fixed, the following matrix can be 
obtained by setting the index of optimism, μ, in 
order to estimate the degree of satisfaction: 

𝐴̃𝐴=�

1 𝑎𝑎�12
𝛼𝛼 ⋯ ⋯ 𝑎𝑎�1𝑛𝑛

𝛼𝛼

𝑎𝑎�21
𝛼𝛼 1 ⋯ ⋯ 𝑎𝑎�2𝑛𝑛

𝛼𝛼

⋮ ⋮ ⋮ ⋮ ⋮
𝑎𝑎�𝑛𝑛1
𝛼𝛼 𝑎𝑎�𝑛𝑛2

𝛼𝛼 ⋯ ⋯ 1

�                              (5) 

After constructing all required pairwise judgment 
matrices between criteria/sub-criteria levels, for 
each, the consistency ratio (CR) should be 
calculated. The deviation from consistency, the 
measure of inconsistency is named the consistency 
index (CI) and computed using the following 
equation: 

CI=ʎmax–1/n-1                                                      (6) 

where n is matrix size.  

The CR is applied to calculate directly the 
consistency of pairwise comparisons, and computed 
by dividing the CI by a value obtained from a table 
of random consistency index (RI) (Table 1), the 
average index for randomly generated weights 
(Saaty, 1980), as shown in the following equation: 

CR=𝐶𝐶𝐶𝐶
𝑅𝑅𝑅𝑅

                                                                     (7) 

If the CR less than 10%, the comparisons are 
acceptable, otherwise not. In the fifth and the last 
step, the priority weight of each alternative can be 
computed by multiplying the matrix of evaluation 
ratings by the vector of attribute weights and 
summing over all attributes. 

 
Table 1. The random consistency index (RI) 

Size (n) 1 2 3 4 5 
RI 0 0 0.52 0.89 1.11 
Size (n) 6 7 8 9 10 
RI 1.25 1.35 1.40 1.45 1.51 

 
3.2 Fuzzy TOPSIS Model 

The fuzzy TOPSIS method is presented in 
Chen and Hwang [23], with reference to Hwang and 
Yoon [24]. The fundamental principle is that the 
chosen alternative should have the shortest distance 
from the ideal solution that maximizes the benefit 
and also minimizes the total cost, and the farthest 
distance from the negative-ideal solution that 
minimizes the benefit and also maximizes the total 
cost [25]. 
In the traditional formulation of the TOPSIS 
method, personal judgments are suggested with 
crisp values. But in real life, using crisp values for 
measurement is not always feasible. For this reason 
most researchers use linguistic value to solve this 
problem. Fuzzy set theory is used to present 
linguistic value. The fuzzy TOPSIS method is an 
integrated model that is applied to solve real life 
application problems under a fuzzy environment 
[21]. The steps of Fuzzy TOPSIS method are 
presented as follows: 

Step 1: Finding the linguistic rating values for 
the alternative with respect to criteria 

There are m possible alternatives called A = 
{A1,A2. . .Am} which are to be calculated against the 
criteria, C = {C1,C2 ,. .Cn} The criteria weights are 
indicated by wj (j = 1,2,. . .,n). The performance 
ratings of each expert Dk (k = 1,2,. . .K) for each 
alternative Ai (i = 1,2,. . .m) with respect to criteria 
Cj(j = 1,2,. . .n) are indicated by 𝑅𝑅�𝑘𝑘 = 𝑥𝑥�𝑖𝑖𝑖𝑖𝑖𝑖  (i= 1; 2; . 
. .m; j= 1; 2; . . . n; k= 1; 2 . . . K) membership 
function μ𝑅𝑅�K(x). The scale used for solutions rating 
is given in Table 2. 

 
Table 2. Linguistic variables for solutions ratings 

Linguistic variables Corresponding TFN 
Very low (1, 1, 2) 
Low (2, 3, 4) 
Medium (4, 5, 6) 
High (6, 7, 8) 
Very high (8, 9, 10) 
 

Step 2: Compute aggregate fuzzy ratings for the 
alternatives 

If the fuzzy ratings of all experts are displayed as 
TFN 𝑅𝑅�𝑘𝑘= (ak, bk, ck), k = 1,2,. . .K then the 
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aggregated fuzzy rating is represented by 𝑅𝑅�= (a,b,c) 
k = 1,2,. . .K where 

a= min {ak}, b = 1
𝐾𝐾

 ∑ 𝑏𝑏𝑘𝑘𝑘𝑘
𝑘𝑘=1  , c = max {ck},         (8) 

If the fuzzy rating of the kth decision maker are 
𝑋𝑋�𝑖𝑖𝑖𝑖𝑖𝑖  = (aijk , bijk, cijk), i= 1, 2, ….. m; j = 1, 2, …..n, 
then the aggregated fuzzy ratings 𝑋𝑋�𝑖𝑖𝑖𝑖  alternatives 
with respect to each criteria are given by 𝑋𝑋�𝑖𝑖𝑖𝑖  (aij , bij, 
cij) , where:  

aij= min {aijk}, b = 1
𝐾𝐾

 ∑ 𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑘𝑘
𝑘𝑘=1  , c = max {cijk},    (9) 

Step 3: Construct the fuzzy decision matrix 
The fuzzy decision matrix for the alternatives 

(𝐷𝐷�) is built as follows: 
C1C2Cn    

𝐴̃𝐴 = �

𝑥𝑥�11 𝑥𝑥�12 ⋯ ⋯ 𝑥𝑥�1𝑛𝑛
𝑥𝑥�21 𝑥𝑥�22 ⋯ ⋯ 𝑥𝑥�2𝑛𝑛
⋮ ⋮ ⋮ ⋮ ⋮

𝑥𝑥�𝑚𝑚1 𝑥𝑥�𝑚𝑚2 ⋯ ⋯ 𝑥𝑥�𝑚𝑚𝑚𝑚

�    i= 1, 2, …..m ; 

j= 1, 2, …….,n                                                  (10) 

Step 4: Build the Normalize fuzzy decision 
matrix 

In this step by applying linear scale 
transformation, the raw data are normalized to bring 
the various criteria scales into a comparable scale. 
The normalized fuzzy decision matrix 𝑅𝑅�  is given by: 

 
𝑅𝑅�  = �𝑟𝑟𝑖𝑖𝑖𝑖 �𝑚𝑚×𝑛𝑛

, i= 1, 2,..m ; j= 1, 2, ..,n                (11) 

Where 

𝑟̃𝑟𝑖𝑖𝑖𝑖  = �𝑎𝑎𝑖𝑖𝑖𝑖
𝑐𝑐𝑗𝑗
∗  , 𝑏𝑏𝑖𝑖𝑖𝑖

𝑐𝑐𝑗𝑗
∗   , 𝑐𝑐𝑖𝑖𝑖𝑖

𝑐𝑐𝑗𝑗
∗  � and 𝑐𝑐𝑗𝑗∗ = max cij (benefit 

criteria)                                                           (12) 

𝑟̃𝑟𝑖𝑖𝑖𝑖  = �
𝑎𝑎𝑗𝑗
−

𝑐𝑐𝑖𝑖𝑖𝑖
 ,

𝑎𝑎𝑗𝑗
−

𝑏𝑏𝑖𝑖𝑖𝑖
  ,

𝑎𝑎𝑗𝑗
−

𝑎𝑎𝑖𝑖𝑖𝑖
 � and 𝑎𝑎𝑗𝑗− = min aij (cost  

criteria)                                                           (13) 

Step 5: Build the weighted normalized matrix 

The weighted normalized matrix 𝑣𝑣� for criteria is 
calculated by multiplying the weights (Wj) of 
evaluation criteria with the normalized fuzzy 
decision matrix 𝑟̃𝑟𝑖𝑖𝑖𝑖 .  

𝑉𝑉�  =�𝑣𝑣�𝑖𝑖𝑖𝑖 �𝑚𝑚×𝑛𝑛
, i= 1, 2, …..m ; j= 1, 2, …….,n  where 

𝑣𝑣�𝑖𝑖𝑖𝑖  = 𝑟̃𝑟𝑖𝑖𝑖𝑖Wj                                                           (14) 

Step 6: Determine the fuzzy ideal solution (FPIS) 
and fuzzy negative ideal solution (FNIS) 

The FPIS and FNIS of the alternatives are 
calculated as follows: 

𝐴𝐴∗ = ( 𝑣𝑣�1
∗, 𝑣𝑣�2

∗, …… 𝑣𝑣�𝑛𝑛∗) where 𝑣𝑣�𝑗𝑗∗ = (𝑐̃𝑐𝑗𝑗∗, 𝑐̃𝑐𝑗𝑗∗, 𝑐̃𝑐𝑗𝑗∗) and 

𝑐̃𝑐𝑗𝑗∗= max {𝑐̃𝑐𝑖𝑖𝑖𝑖 }                                                      (15) 

𝐴𝐴− = ( 𝑣𝑣�1
−, 𝑣𝑣�2

−, …… 𝑣𝑣�𝑛𝑛−) where 𝑣𝑣�𝑗𝑗− = (𝑎𝑎𝑗𝑗−, 𝑎𝑎�𝑗𝑗−, 𝑎𝑎�𝑗𝑗−) 
and 𝑎𝑎�𝑗𝑗−= min {𝑎𝑎�𝑖𝑖𝑖𝑖 }                                               (16) 
∀𝑖𝑖= 1, 2,……,m   and j= 1,2,…….,n  

Step 7: Calculate the distance of each alternative 
from FPIS and FNIS 

The distance (𝑑𝑑𝑖𝑖+, 𝑑𝑑𝑖𝑖−) of each weighted 
alternative i = 1,2,. . .,m from the FPIS and the FNIS 
is computed as follows: 

𝑑𝑑𝑖𝑖+ = ∑  𝑑𝑑𝑣𝑣(𝑛𝑛
𝑗𝑗=1 𝑣𝑣�𝑖𝑖𝑖𝑖 , 𝑣𝑣�𝑗𝑗∗)     i= 1, 2, ….m              (17) 

𝑑𝑑𝑖𝑖− = ∑  𝑑𝑑𝑣𝑣(𝑛𝑛
𝑗𝑗=1 𝑣𝑣�𝑖𝑖𝑖𝑖 , 𝑣𝑣�𝑗𝑗−)        i= 1, 2, …..m         (18) 

Step 8: Calculate the closeness coefficient (CCi) 
of each alternative 

The closeness coefficient CCi displays the 
distances to the fuzzy positive ideal solution (𝐴𝐴∗) 
and the fuzzy negative ideal solution (𝐴𝐴−) 
simultaneously. The closeness coefficient of each 
alternative is estimated as: 

CCi = 𝑑𝑑𝑖𝑖
−

𝑑𝑑𝑖𝑖
−+𝑑𝑑𝑖𝑖

+                                                         (19) 

Step 9: Rank the alternatives 

In step 9, the different alternatives are prioritized 
according to the closeness coefficient (CCi) in 
decreasing order. 

 
4 Proposed Approach 
The importance of ELV strategy selection has 
forced companies to use different methods to 
evaluate these strategies. While this problem is 
taken into consideration as a multi-criteria problem 
but most studies have applied one criterion, 
economic dimension, to investigate End-of-Life 
strategies. Conventional MCDM models are not able 
to effectively resolve problems with such imprecise 
data. For this reason, Fuzzy set theory which is 
introduced by Zadeh is recommended to resolve this 
shortcoming. In this study, AHP and TOPSIS 
models are applied in the Fuzzy environment to 
investigate ELV strategies. At first, weights of 
sustainable criteria are determined by Fuzzy AHP. 
Then Fuzzy TOPSIS is applied for the evaluation of 
strategies considering sustainable criteria. Schematic 
diagram of the proposed model is shown in Fig. 1. 
The proposed approach is applied to select the best 
ELV strategy for one component of automobile part 
in a company. The methodology is detailed in 
following steps. 

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS 
Ehsan Pourjavad, Rene V. Mayorga

E-ISSN: 2224-266X 219 Volume 15, 2016



 

 

 

 

 

 

 

 

 

 

Fig.1. Schematic diagram of the proposed model 

Step 1: Define criteria and build hierarchal 
framework 

In the first step, sustainable ELV management 
criteria are identified and tried to build the 
hierarchical structure. The hierarchy structure is 
formed such that the objective is at the first level, 
criteria at the second level, and sustainable ELV 
management alternatives at the third level. Fig. 2.In 
this research, the decision group is consisting of the 
5 expert panels which comprising three managers of 
the considered company and two experts from 
academic domain. It should be mentioned, all 
information are collected with questionnaires.  

 

 

 

 

 

 

 

 

 

Fig.2. Hierarchy of ELV Strategy Selection 

Step 2: Calculate the weights of criteria with 
Fuzzy AHP  

After forming a decision hierarchy, the weights 
of the criteria are calculated by Fuzzy AHP. Pair-
wise comparison matrixes of experts’ evaluations 
are made to calculate weights of criteria by using the 
scale in Table 3. By computing the arithmetic mean 
of the values gotten from their evaluation, the final 
evaluation matrix will be made. From this matrix, 
the weight of the criteria will be evaluated as 

presented in Fuzzy AHP section. Results are given 
in Table 4-6. 

Table 3. The Scale of relative importance used in 
the pair-wise comparison matrix. 

Intensity of 
im

portance
 Fuzzy N

um
ber

 

Judgment or preference 

Function
 

1 1�  Equally important (1, 1, 2) 
3 3�  Moderately more important (2, 3, 4) 
5 5�  Strongly more important (4, 5, 6) 
7 7�  Very strongly more important (6, 7, 8) 
9 9�  Extremely more important (8, 9, 10) 

 
Table 4. Fuzzy comparison matrix of the criteria using 

triangular fuzzy numbers 
 Economic Social Environmental Technology 

Economic 1 7�    
Social  1   
Environmental  9�  1  
Technology  5�   1 

 
Table 5. α-Cuts fuzzy comparison matrix for the criteria 

(α = 0.5, μ = 0.5) 
 Economic Social Environmental Technology 

Economic 1 [1/8,1/6] [1/10,1/8] [1/4,1/2] 
Social [6,8] 1 [1/4,1/2] [4,6] 
Environmental [8,10] [2,4] 1 [6,8] 
Technology [2,4] [1/6,1/4] [1/8,1/6] 1 

 
Table 6. Eigenvector for comparison matrix of the criteria 

(CR = 0.065) 

 

Econom
ic

 

Social
 Environm

en
tal

 

Technology
 

e-vector
 

Economic 1 0.146 0.113 0.375 0.04 
Social 7 1 0.375 5 0.30 
Environmental 9 3 1 7 0.58 
Technology 3 0.21 0.146 1 0.09 

 

Table 6 displays the obtained results of criteria 
weight by FAHP. As it can be seen, the 
environmental criterion got the first rank among 
four factors. In fact, this criterion has the most 
importance to investigate ELV strategies. The social 
criterion is recognized as an important factor after 
environmental criterion. The results of FAHP also 
indicate that economic and technology criteria have 
the lowest importance for this evaluation according 
to experts’ opinions.  

  

Optimum Sustainable ELV Strategy Selection

S1 S6

Cr1 Cr3Cr2 Cr4

……………………..
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Step 3: Prioritize Sustainable ELV strategies 
with Fuzzy TOPSIS  

In the last step, ELV strategies are ranked 
according to sustainability criteria by using fuzzy 
TOPSIS.  The experts were asked to compare 
strategies under each of the criteria separately by 
using linguistic variables presented in Table 2.  

A fuzzy evaluation matrix is established by 
comparing ELV strategies under each of criteria 
separately Table (7).It should be mentioned that 
due to space limitation, the linguistic evaluation 
matrix and fuzzy evaluation matrix of one of 
the experts are presented in the paper. 

Then, the linguistic terms are converted into 
corresponding TFN and are built into a fuzzy 
evaluation matrix (Table 8). Aggregate fuzzy 
weights of the alternatives are calculated using 
Eq. (8). Then, They are normalized by Eq.(11). 
The weighted evaluation matrix is calculated 
using the Eq. (14) using the criteria weight 
calculated by fuzzy AHP.  

The considered criteria in this study are cost 
and benefit criteria. Hence, fuzzy positive-ideal 
solution (FPIS, 𝐴𝐴∗) and fuzzy negative-ideal 
solution (FNIS, 𝐴𝐴−) are defined as 𝑣𝑣�∗=(1, 1, 1) 
and 𝑣𝑣�−= (0, 0, 0) for benefit criteria, and  𝑣𝑣�∗= 
(0, 0, 0) and 𝑣𝑣�−= (1, 1, 1) for cost criteria. In 
this study, Cr 1 is cost criteria whereas the other 
criteria are benefit criteria.  
Then, the distance 𝑑𝑑𝑣𝑣 of each ELV strategy 
from FIPS (𝐴𝐴∗) and FNIS (𝐴𝐴−) are obtained 
using the Eqs. (17), (18). Ranking of ELV 
strategies is finalized according to CCi values 
calculated by Fuzzy TOPSIS in descending order. 

 
Table 7. Linguistic scale evaluation matrix 

Strategy Cr1 Cr2 Cr3 Cr4 
S1 M VH H M 
S2 L M H L 
S3 H H VH H 
S4 VH M M VL 
S5 H L VL L 
S6 M VH VH H 

 
Table 8. Fuzzy evaluations matrix for solutions 

Strategy Cr1 Cr2 Cr3 Cr4 
S1 (4,5,6) (8,9,10) (6,7,8) (4,5,6) 
S2 (2,3,4) (4,5,6) (6,7,8) (2,3,4) 
S3 (6,7,8) (6,7,8) (8,9,10) (6,7,8) 
S4 (8,9,10) (4,5,6) (4,5,6) (1,1,2) 
S5 (6,7,8) (2,3,4) (1,1,2) (2,3,4) 
S6 (4,5,6) (8,9,10) (8,9,10) (6,7,8) 

 

Table 7. Fuzzy TOPSIS result 
Strategy   CCi Rank 
Used Vehicle Export 3.77 2.251 0.374 3 
Resale/Reuse 3.87 2.121 0.354 4 
Recycling 3.55 2.312 0.394 2 
Remanufacturing Parts 3.93 2.051 0.343 5 
Remanufacturing 
Finished Product 3.95 2.011 0.337 6 

Recondition/Repair 3.18 2.718 0.461 1 
 

As it can be seen from Table 7, 
recondition/repair strategy was ranked first. It means 
this strategy has the best performance in terms of 
economic, environmental, social, and technology 
criteria for the considered component. Also, it can 
be inferred from Table 7 that remanufacturing 
finished product strategy is not suitable for end-of-
life of this component. Recycling strategy was 
recognized as the best strategy after recondition 
strategy. The used vehicle export, resale, 
remanufacturing part strategies ranked third, fourth, 
and the fifth strategy, respectively.       

 
5 Discussion & Conclusions 
The selection of the best sustainable ELV strategy is 
recognized as one of the most important activities 
covering vital decisions for the survival of a 
company. If companies can effectively manage the 
required activities for end-of-life of their products 
they will be able to change threats to opportunities. 
Therefore, the decision-making process for 
sustainable ELV strategy should be timed and 
effective if a company wants to reach optimum 
results. The process of ELV strategy evaluation 
considering several criteria, leading to a large set of 
subjective or ambiguous data. For this reason, an 
integrated Fuzzy MCDM model was proposed to 
assess these strategies.  

The Fuzzy AHP was applied to assign weights to 
the sustainable criteria to be employed in ELV 
strategy evaluation, while fuzzy TOPSIS was used 
to prioritize alternatives. The weights extracted from 
fuzzy AHP are included in the decision-making 
process by employing them in fuzzy TOPSIS 
calculations and the ELV strategy priorities were 
determined based on these weights. The empirical 
case study was presented to demonstrate the 
applicability of the presented model. According to 
obtained results, environmental dimension is the 
most important criteria to evaluate ELV strategies. 
The considerable point that should be mentioned is, 
the economic criterion was not taken into 
consideration as an important factor. The social and 
technology criteria were ranked second and third 
according to experts’ opinions of this company. The 
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findings of this paper also represent that 
recondition/repair strategy is the best alternative to 
manage the end-of-life of the considered component 
in this case study.    

The several managerial implications for 
managers of companies can be drawn from the 
suggested model in this study. This model enables 
companies to analyze available sustainable ELV 
strategies for managing their products. In fact, 
managers can determine which EOL strategy should 
be applied for components of their products. Also, 
the proposed model helps to recycling organizations 
to determine which sustainable dimension is 
important in accomplishing strategic aims and 
improve the sustainable performance in managing 
ELV. Companies should take a comprehensive 
approach to evaluating the sustainable ELV 
strategies which include a set of criteria rather than 
focusing on any single factor if they want to achieve 
useful results. The proposed model was done with 
four main sustainability dimensions namely 
economic, environmental, social, and technology 
which are easily adaptable to add other factors to 
model. 

Like other studies, the proposed model in this 
study has its own limitations and drawbacks. In this 
study, four main sustainable criteria were applied to 
evaluate sustainable ELV strategies while other 
crucial criteria and sub-criteria could be added to 
this model. It should be mentioned that this study 
was limited to only one component of one industry, 
and therefore, the findings could not be generalized 
to other types of industries and components. The 
results of such approaches are dependent upon 
experts’ conceptual opinions. This is considered as 
other limitation for the proposed model. For this 
reason, it is so important that experts who make the 
comparisons be familiar with the sustainable criteria 
and ELV strategies. Sustainable ELV collection in 
the reverse supply chain can be the future research 
direction for researchers. Also, the results of this 
study could be compared with that of other fuzzy 
multi-criteria techniques such as fuzzy ELECTRE, 
fuzzy PROMETHEE, or fuzzy VIKOR. 
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