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ABSTRACT End of life vehicle (ELV) is a significant renewable resource with enormous economic value and
environmental value. This paper introduced a novel approach that combines the gray correlation and Decision
Making Trial and Evaluation Laboratory (DEMATEL) with an interactive technique in order to consider
both quantitative and qualitative features simultaneously in ELV plant facility layout problem. The gray
interval number of gray correlation is used as the expert’s evaluation score of the impact factor of the ELV
dismantling plant, DEMATEL constructs a direct impact matrix by analyzing the causal relationship between
various influencing factors in the system. The proposed approach is applied to the case of a realistic ELV
dismantling plant, and the evaluation framework for an ELV plant layout alternatives and design assessment
analysis also conducted. The results show that it provides a systematic decision support tool and a feasible
approach for evaluation of ELV disassembly plant layout alternatives.

INDEX TERMS End of life vehicle, dismantling, facility layout evaluation, gray correlation, decision

making trial and evaluation laboratory.

I. INTRODUCTION

End of life vehicle (ELV) is a significant renewable resource
with huge economic value and environmental value [1].
With the current resource scarcity and increasing environ-
mental pressure, the ELV recycling industry is increas-
ingly concerned by academia and business [2]. Lots of
micro-researches of ELV recycling network and recycling
technology through the algorithm and experimental simula-
tion of partially to optimize a link in the industry [3]-[5].
However, ELV recycling and dismantling enterprises require
a reasonable facility layout, which directly relates to the
dismantling efficiency of ELV and the quality of the recycling
products caused by advanced disassembly technology [6],
[7]. It can be concluded that the ELV disassembly plant
facility layout is affected by multiple factors, and it is difficult
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to accurately decide which factors have a great impact on the
layout design.

Arranging facilities of ELV disassembly plant is a com-
plicate task that demands careful consideration of various
factors. For example, occupied area, handling distance, trans-
portation cost, production time, and environmental factors
need to be recognized in layout design [8]—-[10]. Three crucial
factors affected the advancement of facility layout are locat-
ing input/output points, arranging facilities, and material flow
network, respectively. In order to obtain the problem solu-
tion simply, many previous studies determined the distance
between two facilities by considering the distance between
the centers, which results in a layout far away from realistic.
Thus, a method determining input /output points locations
and material flow design in the facility layout determining
process has been widely studied.

Reviewing the previous research, typical plant layout
problems include static plant layout problems, dynamic
plant layout problems, and stochastic plant layout problems.
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Grobelny [11] put forward a linguistic pattern approach,
which takes the relationship degrees for the plant into
account, costs of installation of each facility in each possible
place, and the distance between location places in the form of
fuzzy sets. Friedrich et al. [12] presented the connection paths
for material handling, which was then replaced by aisles.

Therefore, to obtain full results by only one optimization
object was not applicable, and multi-objective layout work
has carried out and achieved consistent results [13]-[16].
Ripon et al. [17] solved plant layout design by the
adoption of a multi-objective approach that combined
an adaptive strategy and a variable neighborhood search.
Gomez et al. [18] proposed a multi-objective genetic algo-
rithm with the consideration of aisles in the plant lay-
out for solving the facility layout problem. Also, in the
work conduct by Aiello et al. [19] and Aiello et al. [20],
the Electre method and a multi-objective genetic algorithm
was employed for optimization from the view of close-
ness request material handling cost and distance request.
In addition, in order to consider more than one objective,
both Purnomo ez al. [21] and Saraswat et al. [22] applied the
methodology suggested by Sherali et al. [23]. What’s more,
the particle swarm optimization approaches are suggested
to handle the multi-objective plant facility layout problem.
These methods coupled a heuristic configuration mutation
operation with a subsequent local search. Liu [24] and
Liu [25] took distance requirements and material handling
cost into account, hence, they presented a multi-objective
ant colony optimization algorithm to discuss the plant
facility layout problem. Garcia-Hernandez et al. [26] and
Garcia-Herndndez et al. [27] put forward an effective genetic
approach that was employed to recycling plant layout for
acknowledging both material handling cost and the decision-
maker preferences.

In dealing with facility layout problem in practice, approx-
imate factors should be considered dramatically. As in the
current study, multiple researchers adopted fuzzy logic-based
solution approaches for the solution of the facility layout
problem. Bashiri et al. [28] proposed details on the applica-
tions of fuzzy technique for order performance by similarity
to ideal solution (TOPSIS) for facility layout issue of a textile
company with an excellent location selection. In addition,
Ertugrul and Karakasoglu [29] combined fuzzy analytic hier-
archy process (AHP) and fuzzy TOPSIS for selecting of the
location of a textile company in Turkey. Mohamadghasemi
and Hadi Vencheh [30] proposed an integrated synthetic
value of fuzzy judgments and a nonlinear programming
methodology for ranking the facility layout patterns. They
incorporated qualitative criteria besides the quantitative cri-
teria into facility layout design problem. Furtherly, Hadi and
Mohamadghasemi [31] present decision-making methodolo-
gies using nonlinear programming model and AHP to deal
with the facility layout design after considering both the quan-
titative and qualitative data simultaneously. Singh et al. [32]
introduced the concept of three-level AHP heuristic approach
with a new normalization procedure and a new heuristic
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method to generate objective weights for a multi-objective
facility layout issue. Sharma et al. [33] applied the fuzzy
TOPSIS methodology to the best selection of procedural
approach for facility layout planning. Kumar ez al. [34] pro-
posed a hybrid interpretive structural modeling (ISM) and
decision-making trial and evaluation laboratory (DEMATEL)
method approach to figure out the hierarchal and contex-
tual relation structure among the barriers of e-waste recy-
cling management. Dixit ef al. [35] introduced an interesting
two-stage approach combining the fuzzy goal programming
model and the fuzzy similarity index to elicit the alterna-
tive layouts and relationship charts. Evolutionary algorithms
of the class of meta-heuristics are extensively applied by
researchers to address the evaluation of R&D projects in
practice. Fuzzy FEMATEL is the most widely utilized evo-
lutionary algorithms because of its attractive ability of global
searching [36]-[40]. Fuzzy DEMATEL method is employed
on the facility layout design, analysis of supplier selection
criteria [41], improvement of the effective model for solid
waste management, and assessment of significant success
factors in new production development.

In a summary, facility layout problem of ELV disassem-
bly plant is one of the most important problems in a huge
range of vehicle industries and services organizations. Simul-
taneous study of some qualitative and quantitative parame-
ters like closeness relationship between facilities, physical
constraints such as input/output points and how to arrange
facilities can play a key role to determine the facility layout.
Considering these parameters can lead to reduce production
costs, increase production capacity, and remove additional
displacements. However, determining how to evaluate the
ELV disassembly plant layout scientifically is still a problem
that needs to be solved. Generally, two types of approaches
are employed to address this issue in the view of multi-criteria
decision making (MCDM): 1) correlation degree assessment
approaches, e.g., weighted sum [42]-[44], TOPSIS [28], [45],
AHP [46] and fuzzy synthetic evaluation [33], [47], [48]
and 2) the approaches DEMATEL [29], [49]. On the other
hand, to our knowledge, hybrid gray correlation and fuzzy
DEMATEL approaches have not been employed to solve
the ELV plant facility layout problem. Considering this gap,
a fuzzy DEMATEL-based solution approach for ELV plant
facility layout problem is proposed in this study.

In this paper, we introduced a novel approach that com-
bines the gray correlation and DEMATEL with an interactive
technique, in order to consider both quantitative and qual-
itative features simultaneously in ELV plant facility layout
problem. It consists of two phases, the gray interval number
of gray correlation is used as the expert’s evaluation score of
the impact factor of the ELV dismantling plant, DEMATEL
constructs a direct impact matrix by analyzing the causal rela-
tionship between various influencing factors in the system.
Therefore, we can evaluate the ELV disassembly plant layout
design alternatives more objectively and more rationally.

The remainder of this paper is structured as follows.
Section II presents the employee evaluation methods.
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In Section I1I, the proposed approach is described and applied
to the case of arealistic ELV disassembly plant facility layout.
The evaluation framework for an ELV plant layout alterna-
tives and design assessment analysis was also conducted in
Section I'V. Section V ends the paper with the conclusion and
further research topics.

Il. EVALUATION APPROACH

In this paper, a gray correlation is employed to evalu-
ate a design’s logistic performance. DEMATEL is used
to determine the weight of performance indices, and gray
correlation-DEMATEL is adopted to obtain the final rank of
all concerned design alternatives.

A. GRAY CORRELATION

Gray correlation is a practical multi-criterion decision-
making approach to evaluate design alternatives via a gray
relational closeness index [S0]-[52]. Its idea is described as
follows: it adopts a gray relational degree of similarity among
data sequences as a measurement scale through analyzing
similarity curve geometry and geometric relations among
data sequences. Usually, the closer the curve is, the larger
the gray relational degree; otherwise, the smaller the gray
relational degree. For an MCDM problem, if a specific design
alternative has a larger gray relational degree with its positive-
ideal alternative, it is considered close to the ideal alternative.
Otherwise, if it has a larger gray relational degree with its
negative-ideal alternative, it is far from the ideal alterna-
tive. Thus, constructing the gray relational closeness index
among design, positive-ideal, and negative-ideal alternatives
can evaluate design alternatives. gray correlation has the
following steps.

Step 1: Based on the above-normalized decision matrix
and ideal solutions, calculate the gray correlation coefficient
between the ith alternative and positive-ideal alternative about
the jth index

J
rt = (D
v +_ . A
‘zj — Zjj| + ¢ max; max; ‘zj — Zjj

min; min; ’z* — zij‘ + ¢ max; max; ‘zf — zjj

where ¢ denotes the resolution factor, ¢ € [0, 1]. We choose
¢ = 0.5 in this paper. Then, the gray correlation coefficient
matrix between each alternative and the positive-ideal alter-
native is found as follows:

+ o+ +
iy "z r1+m
Tyy Fay =+ T
21 T2 2m

Rt =| 7 7. ) (2)
+ o+ +
o1 Th2 " Tam

Thus, the gray relational degree between the ith alternative
and positive-ideal alternative is obtained as follows:

m

Rl.+=%Zr;,(ie{l,z,...,n}). (3)

J=1
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Step 2: Calculate the gray correlation coefficient between
the ith alternative and negative-ideal alternative about the jth
index as follows:

— Zjj — Zjj
— ] 7
(i )

7 3 + ¢ max; max; ‘zj — Zjj

min; min; ‘z + ¢ max; max; ‘z

Then, the gray correlation coefficient matrix between each
alternative and the negative-ideal alternative is obtained

r]_] r1_2 .. r]_m
Typ Ty oo T
_ 21 22 2m
Rm=| 7 : 5
ot "n2 7 Tom

Thus, the gray correlation degree between the ith alternative
and negative-ideal one is obtained as follows:

R = IZrl;, (ie{l,2,....n) (6)
Jj=1

m

Step 3: Based on the results from Steps 1 and 2, the gray cor-
relation closeness index Ri for the ith alternative is computed
as
*

= ——— (@(e{l,2,...,n} 7)
According to the above description, the gray correlation is
used to evaluate design alternatives based on the gray cor-
relation degrees among data sequences. The results reflect
the proximity between each design and the positive-ideal

(negative-ideal) alternative.

B. DEMATEL

The original DEMATEL was focus on the fragmented and
antagonistic phenomena for integrated solutions, and it
becomes a comprehensive method for building and analyzing
a structural model involving causal relationships between
complex factors.

Digraphs are more useful than directionless graphs because
digraphs can demonstrate the directed relationships of sub-
systems. Moreover, the digraph portrays a basic concept of
contextual relationships among the elements of the system,
in which the numeral represents the strength of influence. The
DEMATEL is based on digraphs, which can separate involved
factors into cause group and effect group and includes four
primary steps as below [53].

Step 1: Determine the influence factors. Analyze and deter-
mine the influence factors of the system, and use G
={g1, &2, ..., &n} torepresent, in which g; denotes
the i-th influence factor of the system.

Step 2: Discuss and determine the relationship between
influence factors. The invited expert group deter-
mines the influence relationship between various
factors and constructs the corresponding directed
graph on this basis. If k; has a direct influence on
k;, mark a one-way arrow from k; to kj, and so on to
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draw a directed graph of the relationship between
all influencing factors.

Step 3: Generating the direct-relation matrix. Experts
judge the strength of the direct influence relation-
ship between the influence factors. Thus the initial
direct influence matrix K = [kjjlnxn Of the system
is obtained as follows:

0 kip -+ kin
kop 0 - ko

K=| . . . . (8)
knl kn2 - 0

wherekij =S8i-j@=12,...nj=12,...,m
i # j) represents the direct influence of g; on gj,
if i = j, let gjj = O Therefore, all the main diagonal
elements of the initial influence matrix K are 0.

Step 4: Calculate the standardization direct influence
matrix. The initial impact matrix K is standard-
ized, and the normalized direct impact matrix D is
obtained as follows:

K
D=—— ©)

n
max »_ kj
1<i<n j=1
where the value range of the elements in the
non-main diagonal in D is [0, 1], and the value of
the main diagonal elements is 0.

Step 5: Measure the comprehensive impact matrix. The
comprehensive influence matrix 7' is obtained as
follows:

T = (t),,=DUd —D)"' (10)

where I denote the identity matrix.

Step 6: Calculate the degree of cause and centrality of each
factor. The row and column sums of matrix 7 are
obtained as follows:

n
pi:Ztij, 1:1,2,}1 (11)
Jj=1

n
o= tj j=12....n (12)
i=1

where p; represents the sum of the direct and indi-
rect influences of the factor g; on other factors,
which is called the influence degree of the factor gj,
oj represents the sum of the direct and indirect
influences of the factor g; on other factors, which
is called the influenced degree of the factor g;. The
centrality of the factor g; is recorded as p; + oj,
which represents the overall impact of the factor g;
on the system and the widespread impact of other
factors on it. The centrality reflects the importance
of the factor gj in the entire system, and it is inferred
that the cause of the factor g; is (pj-0i), which is
the degree of influence of factor g; on the system
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minus its impact. Generally, when (p;-o;) is positive,
it means that the influence degree of g; is higher
than the influenced degree, which is called the cause
factor. Otherwise, when (pj-0;) is negative, it means
that the influence degree of g is higher than the
influence degree, and it is called the resulting factor.
Step 7: Draw a relationship diagram of system influenced
factors. Taking the cause degree as the ordinate and
the center degree as the abscissa, according to the
value of the array (p; + oi, pi-0i). Annotate each
factor with a visual graphic, and then characterize
the relationship of each factor in the system. In the
causality diagram, the factors above the abscissa are
classified as the cause group, and the factors below
the abscissa are classified as the resulting group.

C. HYBRID GRAY CORRELATION AND DEMATEL METHOD
To more objectively and more rationally evaluate the ELV
disassembly plant layout design alternatives, this work pro-
poses a novel hybrid MCDM approach by integrating Gray
correlation and DEMATEL. This approach makes full use of
quantitative analysis and weight allocation features of gray
correlation and comprehensive assessment ability of DEMA-
TEL. It consists of two phases, the gray interval number of
gray correlation is used as the expert’s evaluation score of
the impact factor of the ELV dismantling plant, DEMATEL
constructs a direct impact matrix by analyzing the causal rela-
tionship between various influencing factors in the system.

IIl. PROGRAM EVALUATION WITH INTEGRATED GRAY
CORRELATION AND DEMATEL

In this section, the use of integrated gray correlation and
DEMATEL is illustrated by evaluating the green layouts of
ELV dismantling plant.

A. BACKGROUND AND DATA COLLECTION

The rapid development of the vehicle industry and market in
China have made considerable contributions to the national
economy in recent decades [54]-[56]. Currently, China’s
vehicle ownership has reached 260 million and ranked first
in the world. However, the subsequent disposal of a large
number of ELV as a crucial factor will affect the sustainable
development of the automobile industry and even the national
economy.

The average life cycle of vehicles is 10-12 years without
significant changes of operating conditions in China, and it
can be predicted that the amount of ELV in the next ten
years will be basically equivalent to the current supply, that
is, the annual amount of ELV may reach 25 to 29 million
around 2030. However, at present, China’s annual recycling
volume of ELV is less than 2 million, while in 2018, China’s
car ownership exceeded 230 million, and the recycling rate
is less than 1%. From the perspective of developed coun-
tries, the average car recycling rate is 4% to 6%, and the
German has even reached 7%. Even considering that China’s
automobile market is still developing rapidly, the recycling

141449



IEEE Access

Z. Zhang et al.: ELV Disassembly Plant Layout Evaluation Integrating Gray Correlation

rate will be relatively low, but the recycling rate of 1% is
also significantly lower than the average level, which cannot
objectively and genuinely reflect the actual number of ELV
in China. There may be the following three reasons for the
difference: 1) many vehicles reaching the end-of-life have not
been dismantled in accordance with the formal procedures,
but have flowed to underdeveloped areas or rural areas, 2) A
large number of ELV entered the illegal dismantling market
and 3) the gray area of related vehicle management makes it
difficult to recycling.

However, China has enacted a series of policies and
regulations that require manufacturers to reclaim and recy-
cle ELV to mitigate their life-cycle environmental impacts
and to improve resource efficiency. In addition, most pub-
lished articles have emphasized the development of disas-
sembly technologies for recovering the materials from ELV
and reducing their environmental impacts. Therefore, decid-
ing how to ensure/evaluate the disassembly plant layout
remains to be resolved. Thus, we evaluate three kinds of ELV
disassembly plant alternatives via the proposed integrated
gray correlation and DEMATEL based on the hierarchical
structure of green design evaluation.

Related information and initial data can be gathered from
experts with professional knowledge and managerial experi-
ence, e.g., scholars of college and supervisors of the enter-
prise, through the questionnaire survey. In this research, five
experts have been consulted to obtain pairwise comparison
matrixes of each criterion and the decision matrix for the eval-
uation of three ELV disassembly plant alternatives, includ-
ing three scholars who specialize in logistic selection, four
supervisors from related companies with reputation, and two
customers who have handled ELV is a legal procedure. This
investigation was carried out in December 2018.

B. HIERARCHY CRITERIA/FACTORS OF ELV DISASSEMBLY
PLANT LAYOUT

First of all, the main factors affecting the dismantling of
ELV have been clarified based on the related literature
and expert interview. After a comprehensive and scientific
selection, five kinds of criteria and their parameters have
been given. We establish a hierarchical structure for their
layout evaluation, which is shown in Fig. 12 and includes
three levels, i.e., goal, criterion, and factor. Goal level(G)
is ELV disassembly plant layout evaluation(G1); criterion
level(A) is environmental(A1), resource(A3), technology(Asz),
economy(A4), and society(As) properties. The environmen-
tal property includes two factors, i.e., air pollution(£) and
waste solid and liquid pollution(E,). Resource property
includes two factors, i.e., unit product resource consump-
tion energy types(E3) and Recyclable product utilization(E4).
Technology property includes two factors, i.e., disassembly
technology(E5) and management technology(Eg). The econ-
omy property includes three factors, i.e., transportation and
storage cost(E7), dismantling cost(Eg), and other costs (Eg).
Society property includes one factor, i.e., government
policies(E1p).
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It will be analyzed from five aspects: environment,
resources, technology, economy, and society, which are
shown in Fig. 1.

Goal level (G) Criterion level (A)

[ |
By Air pollution
W{I.
. Waste solid and liquid pollution
.m[: Unit product resource consumption
. Recyclable product utilization

|

|

|

|

|

|

|

| ELV I . e . Disassembly technology

echnology

: disassembly plant | . Management technology
|
|
|
|
|
|
|

Factor level (E)

|
i O
_u . Dlsmanﬂmg cost
] IEI_

—Hm. Government policies

FIGURE 1. Influence factors of ELV disassembly plant.

C. WEIGHT DETERMINATION VIA USING INTEGRATED
GRAY CORRELATION AND DEMATEL

In this paper, an algorithm combining gray correlation and
DEMATEL method is used to evaluate the facility layout of
ELV disassembly plant in this paper. For the interval gray
number, recorded as ®x = [®x, ®x], where ®x is the lower
limit of ®x, and ®x the upper limit of ®x, the calculation
formula is as follows:

®x1 + Qxp

= [®x1 + ®x2, ®x + &x2] (13)
®x] — ®x2

= [®X1 — ®x2, ®x1 — ®x2] (14)
®x1 X ®x2

_ [min (®x1®x2, ®x1®x2, ®x1®xz,®m®xz),} (15)
~ | max (®x1®x2, @x1Qx2, ®x1®x2, ®x1Qx2)

®Xx1 + Rx2

[1.80] x| - 5 (16)

O o @

When determining the weight of an influencing factor,
experts often have uncertainties in their semantic evaluation,
and the gray number shows this uncertainty well. The gray
interval number is used as the expert’s evaluation score of the
impact factor i on the j of the ELV dismantling plant. The
interval grey number corresponding to the semantic evalua-
tion is shown in Table 1.

TABLE 1. Interval gray number corresponding to semantic evaluation.

Linguistic variable Gray interval

Null (N) [0,0]

Very Low (VL) [0.00,0.25]
Low(L) [0.25,0.50]
High (H) [0.50,0.75]

Very High (VH) [0.75,1.00]
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TABLE 2. Interaction degree of different factors.

E, E, E; Eq Es Ee E; Eg Eo Eio
E VL L L VL N VL L VL VL N N VL L VL VL N VL VL
! VL VL L N VL VL L VL VL VL VL L L H VL N L L
E VH L H VL VL N N VL VL N VL VL L VL L N VL L
2 H H VL L VL L VL N VL N VL N VL L VL N VL VL
E VL H VL N VL N VL L VL L L L VH L VL L L L
3 H L VL VL VL N VL VL VL L VL L H H VL VL VL L
E VL L L L N VL VL H VL H VL VL VL L VL N N N
4 VL VL VL N VL L VL L L L VL L L L VL VL L VL
E VL N VL N VL N L H VL H VL VL VL H VL L VL N
s VL N VL L VL VL VH L L L VL L L L VL VL VL VL
E N VL L VL VL L VL N L VL VL N VL L VL N N VL
6 VL L VL H L VL VL N VL N L N L VL VL N L N
E VL L VL VL L VL H VH L H L VH VL L VL N VL N
7 L VL VL N VL VL H L VL L VH H VL H N VL N VL
E VH H H VH H VH VL N VL L VL N VL N VL N VL L
8 H H L H VH L VL L VL H N VL N L VL N VL N
E VL L VL VL VL VL VL N N VL VL N VL VL VL L VL H
g VL L VL L VL N VL N N VL N N L VL N VL L L
E VL N VL L VL VL N N VL N VL N VL VL VL L L VL
10 VL L L VL VL N N VL N VL VL N N VL VL N L L

With the comprehensive analysis, the interaction degree of
different factors is shown in Table 2.

For the convenience of subsequent calculations, the inter-
val gray evaluation obtained in the above table is cleared, and
the results are as follows in Table 3:

TABLE 3. Analysis results.

E,
0
0.500
0.312
0.062
0
0.062
0.125
0.562
0.125
0.421

Ey
0

E;
0.062
0.687 0
0562 0
0.312 0.125
0.125 0.062
0.25 0.187
0375 0
0.812 0.500
0.375 0.062
0.146 0.174

Es
0312
0
0.187
0.312
0.25
0.437
0.187
0.750
0312
0

Es
0.125
0.187

0
0.062
0
0.125
0.062
0.562
0
0.614

Ee
0.312
0.437

0
0.25
0.187
0.375
0.312
0.812
0.187
0.483

E;  Eg
0 0.187
0.062 0.250
0 0.125
0 0
0.437 0.687
0 0.125
0.5 0.75
0.062 0.250
0 0.125
0.781 0.054

Ey Ew
0.125 0.375
0 0.125
0.062 0.312
0.187 0.437
0 0
0.062 0.25
025 0.5
0.187 0.437
0 0.125
0 0

The main principle of the DEMATEL method is to con-
struct a direct impact matrix by analyzing the causal rela-
tionship between various influencing factors in the system,
as shown in Table 4.

TABLE 4. Factor solution value (C, R, R + C, R-C).

Criteria R C R+C R-C Weights
E, 2.854 2.416 5.270 0.438 0.146
E, 1.327 2.123 3.450 -0.796 0.081
E;s 2.845 1.655 4.500 1.190 0.106
E4 2.245 2.025 4.270 0.220 0.137
Es 1.524 0.92 2.440 0.604 0.067
E¢ 0.138 0.092 0.230 0.046 0.052
E, 3.112 2.928 6.040 0.184 0.158
Es 2.365 2.345 4.710 0.020 0.133
Ey 1.785 1.924 3.710 -0.140 0.082
Eo 0.862 0.768 1.630 0.094 0.038

Where R is influence degree, C is influenced degree, R + C
is the central degree, R — C is the cause degree.
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It can be concluded from the above table that transportation
and storage costs, recyclable product utilization, and environ-
mental impact are all parts that weigh heavily.

IV. EXPERIMENTS AND RESULTS OF CASE STUDY

A. PLOT OF THE UNIT AREA OF THE JOB

The entire process of drawing an operating unit location-
related map should be systematic and explicit. This process is
focused on excellence, and generally follows the steps below.

(1) Select an appropriate drawing scale for drawing. Here,
the selected scale is 1: 1000, and the drawing unit is mm.

(2) Enlarge the relevant picture of the position of the work
unit onto the coordinate paper, leaving as much space as
possible between each work unit symbol in order to arrange
the establishment of the work unit. To keep the drawing
simple, only essential relationships are drawn.

(3) According to the order of the comprehensive approach,
each unit is arranged from big to small on the map. In a
drawing, the shape of the work unit is drawn with the symbol
of the work unit as the center. The buildings in the operating
unit are generally rectangular, and different layout drawings
can be obtained by the rotation angle of the shape. When the
reserved space is insufficient, the position of the operating
unit needs to be adjusted. But we must adjust the position
symbol to operate the requirements of the unit position cor-
relation diagram.

(4) After continuous adjustment and redrawing, the follow-
ing correlation diagram of the operating unit area is obtained,
as shown in Fig. 2.

The interrelationship level is presented by the number of
lines, as showed in Table 5.

B. DETAILED LAYOUT OF THE PLANT
By synthesizing the position correlation map, area correlation
map, and correction factors, the following three plant layout
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Power station| Power stationn ~ Sewage
No.1 No.2 station

Recycling
warehouse No. 1

Dismantling and crushing 8 © 6
workshop

77

Waste fluid
warchouse

Solid wastes
warchouse

7

1 ELV wareouse

A

Office 5 \ 4 Recycling
building warehouse No.2
FIGURE 2. Relevant diagram of the operating units.
TABLE 5. Interrelationship level.
Level Line number

27
Very important ///
Important //

General important /

Unimportant

Absolutely important

Unwilling to close

alternatives can be obtained, and the first alternative is shown
in Fig. 3.
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FIGURE 3. ELV disassembly plant layout alternative 1.

Unlike the parallel and decentralized layout of the existing
plant area, this is based on the symmetry line of the reserved
area, and the dismantling, crushing, and fine dismantling of
the assembly component operation area is integrated into
a workshop and concentrated in the central area. In order
to strengthen the logistics connection between the opera-
tion areas, the ELV warehouse and the recycling warehouse
No.1 are arranged on the south and north sides respectively,
and the office building is arranged on the west side, adjacent
to the factory door. Moreover, the pollution control area and
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power supply facility area are arranged in the southeast, and
recycling warehouse No.2 is arranged in the west. Therefore,
the ELV disassembly plant is generally divided into six func-
tion areas, including management area, ELV storage area,
product storage area, pollution control area, power supply
facility area, and remanufacturing area. Each functional area
is demarcated by the road within the plant, and the regional
boundaries are clear. In addition, the office building and other
areas can be isolated from other areas by fences or green belts.

Features of alternative 1 are proposed with the least cor-
rection. Based on the area correlation map, the position of
each operating unit basically completely matches the position
correlation map. ELV are inspected and weighed in the office
building before sending the ELV warehouse, and then the
ELV stored in the warehouse are transported to the disman-
tling and crushing workshop by forklift trucks. Some severe
damage or technology in poor condition ELV which cannot
be refining dismantled are sent to the rapid disassembly area.
When the scrap storage capacity reaches a certain amount,
transportation vehicles of ELV transport the scrap to the steel
plant for processing. The remanufacturing parts are delivered
to the recycling warehouse No.2, and the qualified parts are
sent to the recycling warehouse No.l after repairing treat-
ment. Those parts with direct useability or remanufacturing
ability are transported to other remanufacturing enterprises.
The second option is shown in Fig. 4.
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FIGURE 4. ELV disassembly plant layout alternative 2.

Features of alternative 2 mainly consider the correction
factors such as pollution noise and the efficiency of the
auxiliary department during the layout. The most significant
amendments are adding an office, a changing room, and a
shorted ELV body shell temporary storage area, moving the
transformer substation to the southeast corner of the plant is
convenient for power supply. In addition, keep all operating
units away from sewage treatment and waste liquid ware-
house to reduce the negative impact of noise and pollution.
Other operating units try to satisfy the position. The logistic
of this option is similar with the option 1. The third option is
shown in Fig. 5.
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FIGURE 5. ELV disassembly plant layout alternative 3.

Features of alternative 3 revised the layout of storage
efficiency and brought storage departments with similar
functions closer to each other, making the entire planning
area distinct. The office building is next to the recycling
warehouse No.1, and the power station is moved to the south-
west corner, which is next to the recycling warehouse No.2.
Likewise, the logistic of this option is similar to alternative 1.
In the reference position correlation diagram layout, all aux-
iliary departments are concentrated on the same side of the
plant.

C. OVERALL ASSESSMENT FOR ELVS DISASSEMBLY
PLANT LAYOUT DESIGN ALTERNATIVES

In the evaluation of specific projects, a fuzzy evaluation set
needs to be established. The typical evaluation set is 5 levels
of excellent, good, medium, weak, and poor. Five evaluation
levels are corresponding to the fuzzy evaluation score one by
one, and the evaluation matrix C = (100, 75, 50, 25, 0). The
expert group participating in the evaluation is used to give
a reasonable rating for the solution, and the evaluation set
corresponds to the fuzzy score one to one to obtain the desired
solution score.

From the weights of each influencing factor obtained
according to integrated gray correlation and DEMATEL,
the relative weights of the two sub-factors included in the
environmental factor can be obtained: R; = (0.643, 0.357);
Relative weights of the two sub-factors of the resource factor:
R, =(0.436, 0.564); Relative weight of two sub-factors of
technical factors: Rz = (0.563, 0.437); Relative weight of
three sub-factors of economic factors: Ry = (0.424, 0.347,
0.219); Relative weight of a sub-factor of social factors:
Rs5 = (1.00).

The formula G = R x A x C can get the weight corre-
sponding to each level of indicators.

Alternative 1 was finally evaluated as 74.245;

Alternative 2 was finally evaluated as 82.463

Alternative 3 was finally evaluated as 69.568
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It can be seen that the final layout alternative of the
ELV disassembly plant of the third alternative is the most
reasonable.

V. CONCLUSION

The practical evaluation of ELV disassembly plant layout
designs plays a significant role in remanufacturing develop-
ment, and it is a complex decision-making problem, includ-
ing multiple influencing factors. However, current MCDM
methods mainly consider the location relationship or situ-
ation changes among data sequences. It may lead to some
misleading conclusions without considering comprehensive
features and be not precise enough. In addition, by consider-
ing that each criterion associated with design characteristics
should have different influence degrees by identifying the
main design characteristics of the desired layout. In this work,
a systematic hybrid MCDM approach combining gray corre-
lation and DEMATEL is adopted to assess the performance
of the ELV disassembly plant layout alternatives, and its
application for ELV disassembly plant layout assessment is
shown. The future work will focus on moving from the exist-
ing assessment method to integrate the evaluation procedure
into a computer-assisted design support system for the ELV
disassembly plant layout alternatives. Moreover, the infor-
mation of experts has an uncertain and imprecise feature;
some MCDM methods integrating uncertain theory for ELV
disassembly plant layout alternatives need to be developed in
the future.

REFERENCES

[1] G. Tian, J. Chu, H. Hu, and H. Li, ““Technology innovation system and its
integrated structure for automotive components remanufacturing industry
development in China,” J. Cleaner Prod., vol. 85, pp. 419-432, Dec. 2014.

[2] 1. Vermeulen, J. Van Caneghem, C. Block, J. Baeyens, and
C. Vandecasteele, “Automotive shredder residue (ASR): Reviewing
its production from end-of-life vehicles (ELVs) and its recycling, energy
or chemicals’ valorisation,” J. Hazardous Mater., vol. 190, nos. 1-3,
pp. 8-27, Jun. 2011.

[3] FE Xin, S. Ni, H. Li, and X. Zhou, “General regression neural network and

artificial-bee-colony based general regression neural network approaches

to the number of end-of-life vehicles in China,” IEEE Access, vol. 6,

pp. 19278-19286, Apr. 2018.

I. Mergias, K. Moustakas, A. Papadopoulos, and M. Loizidou, “Multi-

criteria decision aid approach for the selection of the best compromise

management scheme for ELVs: The case of cyprus,” J. Hazardous Mater.,

vol. 147, no. 3, pp. 706717, Aug. 2007.

E. Demirel, N. Demirel, and H. Gokgen, ““A mixed integer linear program-

ming model to optimize reverse logistics activities of end-of-life vehicles

in Turkey,” J. Cleaner Prod., vol. 112, pp. 2101-2113, Jan. 2016.

[6] G. Tian, M. Zhou, and P. Li, “Disassembly sequence planning consider-

ing fuzzy component quality and varying operational cost,” IEEE Trans.

Autom. Sci. Eng., vol. 15, no. 2, pp. 748-760, Apr. 2018.

G. Tian, Y. Ren, Y. Feng, M. Zhou, H. Zhang, and J. Tan, “Modeling and

planning for dual-objective selective disassembly using and or graph and

discrete artificial bee colony,” IEEE Trans. Ind. Informat., vol. 15, no. 4,

pp. 2456-2468, Apr. 2019.

[8] A. R. McKendall and J. Shang, “Hybrid ant systems for the dynamic

facility layout problem,” Comput. Oper. Res., vol. 33, no. 3, pp. 790-803,

Mar. 2006.

A. Kusiak and S. S. Heragu, “The facility layout problem,” Eur. J. Oper.

Res., vol. 29, no. 3, pp. 229-251, 1987.

[10] Z.-H. Zhang, C.-Q. Zhong, Z.-Z. Xu, and H.-F. Teng, “A non-
dominated sorting cooperative co-evolutionary differential evolution algo-
rithm for multi-objective layout optimization,” IEEE Access, vol. 5,
pp. 14468-14477, May 2017.

[4

[l

[5

—

[7

—

9

—

141453



IEEE Access

Z. Zhang et al.: ELV Disassembly Plant Layout Evaluation Integrating Gray Correlation

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

J. Grobelny, “The ‘linguistic pattern’ method for a workstation layout
analysis,” Int. J. Prod. Res., vol. 26, no. 11, pp. 1779-1798, Nov. 1988.
C. Friedrich, A. Klausnitzer, and R. Lasch, “Integrated slicing tree
approach for solving the facility layout problem with input and output
locations based on contour distance,” Eur. J. Oper. Res., vol. 270, no. 3,
pp. 837-851, Nov. 2018.

Y. Fu, G. Tian, A. M. Fathollahi-Fard, A. Ahmadi, and C. Zhang, *“Stochas-
tic multi-objective modelling and optimization of an energy-conscious dis-
tributed permutation flow shop scheduling problem with the total tardiness
constraint,” J. Cleaner Prod., vol. 226, pp. 515-525, Jul. 2019.

Y. Fu, M. Zhou, X. Guo, and L. Qi, “Scheduling dual-objective stochas-
tic hybrid flow shop with deteriorating jobs via bi-population evolu-
tionary algorithm,” IEEE Trans. Syst., Man, Cybern. Syst., early access,
Apr. 16, 2019, doi: 10.1109/TSMC.2019.2907575.

X. Guo, M. Zhou, S. Liu, and L. Qi, “Lexicographic multiobjective scatter
search for the optimization of sequence-dependent selective disassembly
subject to multiresource constraints,” IEEE Trans. Cybern., vol. 50, no. 7,
pp- 3307-3317, Jul. 2020.

H.-C. Liu, J.-X. You, M.-M. Shan, and Q. Su, “Systematic failure mode
and effect analysis using a hybrid multiple criteria decision-making
approach,” Total Qual. Manage. Bus. Excellence, vol. 30, nos. 5-6,
pp. 537-564, Apr. 2019.

K. S. N. Ripon, K. Glette, K. N. Khan, M. Hovin, and J. Torresen,
“Adaptive variable neighborhood search for solving multi-objective facil-
ity layout problems with unequal area facilities,” Swarm Evol. Comput.,
vol. 8, pp. 1-12, Feb. 2013.

A. Goémez, Q. I. Fernandez, D. De la Fuente Garcia, and P. J. Garcia,
“Using genetic algorithms to resolve layout problems in facilities where
there are aisles,” Int. J. Prod. Econ., vol. 84, no. 3, pp. 271-282, Jun. 2003.
G. Aiello, G. La Scalia, and M. Enea, “A multi objective genetic algorithm
for the facility layout problem based upon slicing structure encoding,”
Expert Syst. Appl., vol. 39, no. 12, pp. 10352-10358, Sep. 2012.

G. Aiello, M. Enea, and G. Galante, “‘A multi-objective approach to facility
layout problem by genetic search algorithm and electre method,” Robot.
Comput.-Integr. Manuf., vol. 22, nos. 5-6, pp. 447455, Oct. 2006.

M. R. A. Purnomo and Y. S. Wiwoho, “Multi-objective mixed integer
programming approach for facility layout design by considering closeness
ratings, material handling, and re-layout cost,” in Proc. IOP Conf. Ser,
Mater. Sci. Eng., Yogyakarta, Indonesia, vol. 105, 2016, Art. no. 012045.
A. Saraswat, U. Venkatadri, and I. Castillo, “A framework for multi-
objective facility layout design,” Comput. Ind. Eng., vol. 90, pp. 167-176,
Dec. 2015.

H. D. Sherali, B. M. P. Fraticelli, and R. D. Meller, “Enhanced model
formulations for optimal facility layout,” Oper. Res., vol. 51, no. 4,
pp. 629-644, Aug. 2003.

J. Liu and J. Liu, “Applying multi-objective ant colony optimization
algorithm for solving the unequal area facility layout problems,” Appl. Soft
Comput., vol. 74, pp. 167-189, Jan. 2019.

J. Liu, H. Zhang, K. He, and S. Jiang, ‘““Multi-objective particle swarm
optimization algorithm based on objective space division for the unequal-
area facility layout problem,” Expert Syst. Appl., vol. 102, pp. 179-192,
Jul. 2018.

L. Garcia-Hernandez, L. Salas-Morera, C. Carmona-Mufoz, A. Abraham,
and S. Salcedo-Sanz, “A novel multi-objective interactive coral reefs opti-
mization algorithm for the unequal area facility layout problem,” Swarm
Evol. Comput., vol. 55, Jun. 2020, Art. no. 100688.

L. Garcia-Herndndez, A. Arauzo-Azofra, L. Salas-Morera, H. Pierreval,
and E. Corchado, “Facility layout design using a multi-objective interac-
tive genetic algorithm to support the DM,” Expert Syst., vol. 32, no. 1,
pp. 94-107, Feb. 2015.

M. Bashiri and S. J. Hosseininezhad, “A fuzzy group decision support
system for multifacility location problems,” Int. J. Adv. Manuf. Technol.,
vol. 42, nos. 5-6, pp. 533-543, May 2009.

I. Ertugrul and N. Karakasoglu, “Comparison of fuzzy AHP and fuzzy
TOPSIS methods for facility location selection,” Int. J. Adv. Manuf. Tech-
nol., vol. 39, nos. 7-8, pp. 783-795, Nov. 2008.

A. Hadi-Vencheh and A. Mohamadghasemi, “An integrated AHP-NLP
methodology for facility layout design,” J. Manuf. Syst., vol. 32, no. 1,
pp. 40-45, Jan. 2013.

A. Hadi-Vencheh and A. Mohamadghasemi, “A fuzzy AHP-DEA
approach for multiple criteria ABC inventory classification,” Expert Syst.
Appl., vol. 38, no. 4, pp. 3346-3352, Apr. 2011.

141454

(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]

(40]

(41]

[42]

[43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

[51]

(52]

S. P. Singh and V. K. Singh, “Three-level AHP-based heuristic approach
for a multi-objective facility layout problem,” Int. J. Prod. Res., vol. 49,
no. 4, pp. 1105-1125, Mar. 2010.

P. Sharma and S. Singhal, “Implementation of fuzzy TOPSIS methodology
in selection of procedural approach for facility layout planning,” Int. J. Adv.
Manuf. Technol., vol. 88, nos. 5-8, pp. 1485-1493, Feb. 2017.

A. Kumar and G. Dixit, “An analysis of barriers affecting the implementa-
tion of e-waste management practices in India: A novel ISM-DEMATEL
approach,” Sustain. Prod. Consumption, vol. 14, pp. 36-52, Apr. 2018.
V. Dixit, P. Verma, and P. Raj, “Leveraging tacit knowledge for ship-
yard facility layout selection using fuzzy set theory,” Expert Syst. Appl.,
vol. 158, Nov. 2020, Art. no. 113423.

S. Altuntas, H. Selim, and T. Dereli, “A fuzzy DEMATEL-based solution
approach for facility layout problem: A case study,” Int. J. Adv. Manuf.
Technol., vol. 73, nos. 5-8, pp. 749-771, Jul. 2014.

A. Baykasoglu and 1. Gélciik, “Development of an interval type-2 fuzzy
sets based hierarchical MADM model by combining DEMATEL and
TOPSIS,” Expert Syst. Appl., vol. 70, pp. 37-51, Mar. 2017.

A. Baykasoglu, V. Kaplanoglu, Z. D. U. Durmusoglu, and C. Sahin,
“Integrating fuzzy DEMATEL and fuzzy hierarchical TOPSIS methods for
truck selection,” Expert Syst. Appl., vol. 40, no. 3, pp. 899-907, Feb. 2013.
M.-L. Tseng and Y. H. Lin, “Application of fuzzy DEMATEL to develop
a cause and effect model of municipal solid waste management in
Metro Manila,” Environ. Monit. Assessment, vol. 158, nos. 1-4, p. 519,
Nov. 2009.

R. Fekri, A. Aliahmadi, and M. Fathian, “Identifying the cause and effect
factors of agile NPD process with fuzzy DEMATEL method: The case of
Iranian companies,” J. Intell. Manuf., vol. 20, no. 6, p. 637, Dec. 2009.
B. Chang, C.-W. Chang, and C.-H. Wu, “Fuzzy DEMATEL method for
developing supplier selection criteria,” Expert Syst. Appl., vol. 38, no. 3,
pp. 1850-1858, 2011.

M. Azizkhani, A. Vakili, Y. Noorollahi, and F. Naseri, ‘“‘Potential survey
of photovoltaic power plants using analytical hierarchy process (AHP)
method in Iran,” Renew. Sustain. Energy Rev., vol. 75, pp. 1198-1206,
Aug. 2017.

G. Tian, N. Hao, M. Zhou, W. Pedrycz, C. Zhang, F. Ma, and Z. Li,
“Fuzzy grey Choquet integral for evaluation of multicriteria decision
making problems with interactive and qualitative indices,” IEEE Trans.
Syst., Man, Cybern. Syst., early access, Apr. 12, 2019, doi: 10.1109/
TSMC.2019.2906635.

W. Wang, G. Tian, M. Chen, F. Tao, C. Zhang, A. AI-Ahmari, Z. Li, and
Z. Jiang, “Dual-objective program and improved artificial bee colony for
the optimization of energy-conscious milling parameters subject to multi-
ple constraints,” J. Cleaner Prod., vol. 245, Feb. 2020, Art. no. 118714,
E. Huang, S. Zhang, L. H. Lee, E. P. Chew, and C.-H. Chen, “Improv-
ing analytic hierarchy process expert allocation using optimal computing
budget allocation,” IEEE Trans. Syst., Man, Cybern. Syst., vol. 46, no. 8,
pp. 1140-1147, Aug. 2016.

Y. Fu, J. Ding, H. Wang, and J. Wang, “Two-objective stochastic flow-
shop scheduling with deteriorating and learning effect in industry 4.0-
based manufacturing system,” Appl. Soft Comput., vol. 68, pp. 847-855,
Jul. 2018.

H. Jordao, A.J. Sousa, and M. T. Carvalho, “Optimization of wet shaking
table process using response surface methodology applied to the separation
of copper and aluminum from the fine fraction of shredder ELVs,” Waste
Manage., vol. 48, pp. 366-373, Feb. 2016.

H. K. Chan, X. Wang, G. R. T. White, and N. Yip, “An extended fuzzy-
AHP approach for the evaluation of green product designs,” IEEE Trans.
Eng. Manag., vol. 60, no. 2, pp. 327-339, May 2013.

S. Jiang, H. Shi, W. Lin, and H.-C. Liu, “A large group linguistic Z-
DEMATEL approach for identifying key performance indicators in hos-
pital performance management,” Appl. Soft Comput., vol. 86, Jan. 2020,
Art. no. 105900.

A. Celen and N. Yalcin, “Performance assessment of Turkish electricity
distribution utilities: An application of combined FAHP/TOPSIS/DEA
methodology to incorporate quality of service,” Utilities Policy, vol. 23,
pp. 59-71, Dec. 2012.

C. C. Chen, Y.-T. Chen, Y. Sun, and M. C. Chen, ‘“Life cycle modeling of
news events using aging theory,” in Proc. 14th Eur. Conf. Mach. Learn.,
Dubrovnik, Croatia, vol. 2837, 2003, pp. 47-59.

G. Tian, H. Zhang, Y. Feng, D. Wang, Y. Peng, and H. Jia, “Green
decoration materials selection under interior environment characteristics:
A grey-correlation based hybrid MCDM method,” Renew. Sustain. Energy
Rev., vol. 81, pp. 682-692, Jan. 2018.

VOLUME 8, 2020


http://dx.doi.org/10.1109/TSMC.2019.2907575
http://dx.doi.org/10.1109/TSMC.2019.2906635
http://dx.doi.org/10.1109/TSMC.2019.2906635

Z.Zhang et al.: ELV Disassembly Plant Layout Evaluation Integrating Gray Correlation

IEEE Access

[53]

[54]

[55]

[56]

Y. Feng, Z. Hong, G. Tian, Z. Li, J. Tan, and H. Hu, “Environmen-
tally friendly MCDM of reliability-based product optimisation combin-
ing DEMATEL-based ANP, interval uncertainty and Vlse Kriterijumska
Optimizacija Kompromisno Resenje (VIKOR),” Inf. Sci., vols. 442-443,
pp. 128-144, May 2018.

C.-J. Lin and W.-W. Wu, “A causal analytical method for group decision-
making under fuzzy environment,” Expert Syst. Appl., vol. 34, no. 1,
pp. 205-213, Jan. 2008.

H.-C. Liu, M. Yang, M. Zhou, and G. Tian, “‘An integrated multi-criteria
decision making approach to location planning of electric vehicle charging
stations,” IEEE Trans. Intell. Transp. Syst., vol. 20, no. 1, pp. 362-373,
Jan. 2019.

G. Tian, H. Zhang, Y. Feng, H. Jia, C. Zhang, Z. Jiang, Z. Li, and
P. Li, “Operation patterns analysis of automotive components remanu-
facturing industry development in China,” J. Cleaner Prod., vol. 164,
pp. 1363-1375, Oct. 2017.

ZHIFENG ZHANG received the B.S. degree in
mechanical engineering from Zhejiang University,
Hangzhou, China, in 2013, where he is currently
pursuing the Ph.D. degree. He is also a member
of the State Key Laboratory of Fluid Power Trans-
mission and Control, Zhejiang University. His cur-
rent research interests include mechanical product
design theory and disassembly automation.

VOLUME 8, 2020

i

W

HONGLIANG LI was born in Taian, Shandong,
China, in 1988. He received the B.S., M.S., and
the Ph.D. degrees in vehicle operation engineer-
ing from Northeast Forestry University, Harbin,
China, in 2011, 2014, and 2018, respectively.
Since 2018, he has been a Lecturer with the
Transportation Department, Nantong, China. His
research interests include end life of vehicles dis-
mantling technology, advanced flywheel energy
storage system for vehicle, hybrid energy storage

system dynamics, and renewable energy.

LIU YUE was born in Fuxin, Liaoning, China,
in 1991. She received the B.S. and M.S. degrees
in vehicle engineering from Northeast Forestry
University, Harbin, China, in 2013 and 2015,
respectively. From 2015 to 2018, she was an
Assistant Engineer and worked in the Transporta-
tion Administration Bureau of Liaoning Province.
Since 2019, she has been an Engineer with
the Transportation Cause Development Center of
Liaoning Province. Her research interest includes

logistic design of end life of vehicle recycling net.

YIKE DU was born in Liaocheng, China, in 1997.
He received the B.S. degree in environmental engi-
neering from the Qingdao University of Technol-
ogy, Qingdao, China, in 2019. He is currently
pursuing the M.S. degree in mechanical engineer-
ing with the Shandong University of Science and
Technology, Qingdao. Since 2019, he has been an
Engineer and worked in the Hydrogen Peroxide
Division of Luxi Group, Liaocheng. His research
interests include the development of solid waste

treatment technology and surface processing treatment techniques using
nonthermal atmospheric pressure plasma.

141455



	INTRODUCTION
	EVALUATION APPROACH
	GRAY CORRELATION
	DEMATEL
	HYBRID GRAY CORRELATION AND DEMATEL METHOD

	PROGRAM EVALUATION WITH INTEGRATED GRAY CORRELATION AND DEMATEL
	BACKGROUND AND DATA COLLECTION
	HIERARCHY CRITERIA/FACTORS OF ELV DISASSEMBLY PLANT LAYOUT
	WEIGHT DETERMINATION VIA USING INTEGRATED GRAY CORRELATION AND DEMATEL

	EXPERIMENTS AND RESULTS OF CASE STUDY
	PLOT OF THE UNIT AREA OF THE JOB
	DETAILED LAYOUT OF THE PLANT
	OVERALL ASSESSMENT FOR ELVS DISASSEMBLY PLANT LAYOUT DESIGN ALTERNATIVES

	CONCLUSION
	REFERENCES
	Biographies
	ZHIFENG ZHANG
	HONGLIANG LI
	LIU YUE
	YIKE DU


