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Environmentally conscious manufacturing and product recovery (ECMPRO) has become an obligation
of manufacturers, and it has been extended to be the policy and strategy of businesses. Producing
recyclable products and using recycled materials are optimal strategies for ECMPRO. Vendor selec-
tion (VS) is one of the multiple criteria decision-making (MCDM) problems in strategic supply chain
management. The purpose of this article is to propose how the best selection to conduct the recy-
cled materials can be implemented for enhancing and increasing the efficiency of using resources in
the manufacturing process through recycled materials VS. Aluminum composite panel (ACP) is a global
product, and ACP companies in Taiwan use recycled materials in more than 80% for their products on
a quantity basis. Therefore, we selected the ACP industry of Taiwan as an empirical model to study
VS and to reveal methods of improving gaps in each criterion for achieving the aspired levels of per-
formance. We use the MCDM model combining DEMATEL-based on ANP (called DANP) with VIKOR to
solve the recycled materials VS problems of multiple dimensions and criteria that are interdependent,
instead of the independent assumption of an analytic hierarchy process, for mimicking the real-world

scenario.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Environmentally conscious manufacturing is concerned with
developing methods for manufacturing new products from con-
ceptual design to final delivery and ultimately to the end-of-life
(EOL) disposal such that environmental standards and require-
ments are satisfied. Conversely, product recovery aims to minimize
the amount of waste sent to landfills by recovering materials and
parts from old or outdated products through recycling and reman-
ufacturing (including reuse of parts and products) (Gungor and
Gupta, 1999).

The increasing interest in product reuse originates not only
from the reinforcement of environmental awareness legislation
but also from the fact that the engagement in reuse activities has
been proven profitable in many industries (Kannan et al., 2009).
So, suppliers face increasing pressure from their customers to
improve their environmental performance (Delmas and Montiel,
2009). Mena et al. (2011) identified the main root causes of food
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waste in the supplier-retailer interface and compared practices in
the UK and Spain. Zhang et al. (2012) analyzed the demands, possi-
bilities, difficulties and suggestions for waste cooking oil recycling
in China. For these reasons, green manufacturing, that is, making
environmentally sound products through efficient processes, can
be good for business and is a current trend in business around the
world (Melnyk et al., 2001; Venus, 2011).

In the automotive industry, most companies are putting the
ability to recycle parts on the same level as safety, fuel economy,
and costs when they design new vehicles. The 15-nation European
Unionis considering a rule that would require 85% of a car by weight
to be recycled or remanufactured. This would increase to 95% by
2015. The source of recycled material is post consumer waste
(PCW), of which paper, metal, glass, and plastics are the largest
categories (Field and Sroufe, 2007). Olugu et al. (2011) developed a
set of measures for evaluating the performance of the automobile
green supply chain.

According to a long-term study in the US during 1960 to 1996,
the amount of plastics consumed annually have been growing
steadily from 0.5% to 12.3%, by weight of municipal solid waste
(Subramanian, 2000). And the polyethylene, including high den-
sity polyethylene and low density polyethylene, forms the largest
fraction of plastics in municipal solid waste about 49%. For exam-
ple, aluminum composite panel (ACP) is a multi-layer sheet that is
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Fig. 1. The composition structure of ACP.

produced by laminating two pre-treated and coated aluminum
with a fire resistant mineral-filled or polyethylene (PE) core under
a continuous high pressure and heat process (Fig. 1). ACP is a
construction material that has been applied to the decoration of
buildings both inside and outside of the wall. ACP can be 100%
recycled for both aluminum and plastic materials at its EOL.

To introduce the ACP recycling loop, we modified the prod-
uct life cycle, recycling states and activities figure of Chen et al.
(1993). Fig. 2 shows the general stages and the associated activities
of ACP recycling. Although the primary recyclable ACP components
include aluminum and plastics, this study focus on recycled plastics,
such as, low-density PE (LDPE) and high-density of PE (HDPE).

As we know, one of the competencies essential to supply
chain success is an effective purchasing function (Cakravastia and
Takahashi, 2004; Giunipero and Brand, 1996). Vendor selection
(VS), the first step of purchasing function, has a very important
role in the supply chain of manufacturing companies Therefore,
the purpose of this article is to enhance and increase the efficiency
of using resources in the manufacturing process through recycled
materials vendor selection (VS). As the demand for environmen-
tally friendly products has grown, the technology for converting
PCW into new products has improved, and more recycling pro-
grams have been implemented. As aresult, the demand for recycled
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Fig. 2. ACP life cycle recycling stages and activities.

materials and the availability and variety of products with recy-
cled content continues to increase (Field and Sroufe, 2007). For
example, according to production records of Taiwan’s aluminum
composite panel (ACP) manufactures’ they used recycled plastics
in their products has grown from 0% to 80% on a quantity basis in
the past 10 years. Chinese ACP manufacturers use an even higher
ratio of recycled plastics. Moreover, this tendency will continue to
increase following improvements in environmental management
systems and recycling technology in the future.

This is the essential reason for our focus on VS, as regarding
recycled materials in the ACP industry expect to support acqui-
sition by companies of environmentally friendly materials with
stable quality and quantity, reasonable cost, on-time delivery, and
good service. As VS is a type of multiple criteria decision-making
(MCDM) problem, we propose a hybrid MCDM model combin-
ing a decision-making trial and evaluation laboratory (DEMATEL)
method with an analytic network process (ANP) and ‘VIseKriter-
ijjumska Optimizacija | Kompromisno Resenje’ (VIKOR; translates
into multicriteria optimization and compromise solution) method
in this study.

The DEMATEL method (Fontela and Gabus, 1976) was designed
to determine the degree of influence of the VS criteria and apply
them to normalize the unweighted supermatrix in the ANP. The
ANP is an extension of the analytic hierarchy process (AHP); indeed,
it is the general form of the AHP. The ANP handles dependence
within a cluster (inner dependence) and among different clusters
(outer dependence). The ANP is a nonlinear structure, whereas the
AHP is hierarchical and linear with goals at the top and alternatives
at lower levels (Saaty, 1999). The ANP has been used successfully
in many practical decision-making problems, such as the project
selection, supply chain management, and optimal scheduling prob-
lems (Lee and Kim, 2000; Meade and Presley, 2002; Momoh and
Zhu, 2003; Sarkis, 2003).

A hybrid model combining DEMATEL and ANP (we call this
model DEMATEL-based ANP; DANP) has been widely applied to
solve a variety of applications in solving MCDM problems, such
as e-learning evaluations (Tzeng et al., 2007), airline safety mea-
surements (Liou et al., 2007), and innovation policy portfolios
for Taiwan'’s silicon/semiconductor intellectual property (SIP) Mall
(Huang et al., 2007). Strategic management decisions influence the
relative importance of the various criteria in the VS process (Weber
et al., 2000). The majority of VS models in existing publications
ignored the fact that evaluation criteria must be aligned with a
firm’s environmental strategies (Chou et al., 2007).

As mentioned in the previous paragraph, this work is different
from previously research in three ways. First, we aligned the criteria
with the firm'’s strategy of environmentally conscious green manu-
facturing to use recycled materials with VS dimensions and criteria.
Second, we adopted a hybrid MCDM model of DANP to evaluate
and improve the performance of vendor’s dimensions and criteria,
which are interdependent for achieving the best alternative in VS.
Finally, we combined DANP with VIKOR to evaluate/improve the
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aspired level of vendor performance based on the network relation
map (NRM) by the DEMATEL technique. The best vendor selection
for conducting the recycled materials can be achieved.

The rest of this research is organized as follows. In the next
section, the relevant literature about vendor selection criteria is
reviewed. A hybrid MCDM model for solution methodology is
developed in Section 3. In Section 4, an empirical case is illustrated
to calculate and show the proposed hybrid MCDM model. In Section
5, we use the results of Section 4 to discuss and highlight the man-
agerial implications based on the case analysis. Finally, conclusions
are drawn in Section 6.

2. Vendor selection criteria

VS has a very important role in the supply chain of manufac-
turing companies. Regarding VS in SCM, many published studies
described their evaluation criteria and methods (Chan and Kumar,
2007; Chou et al., 2007; Foster and Ogden, 2008; Ghodsypour and
O’Brien, 1998, 2001; Govindan et al., 2010; Masella and Rangone,
2000; Shen and Yu, 2009; Yang et al., 2008). But we did not come
across any papers discussing VS for conducting the recycled mate-
rials in the literature. VS decisions are complicated by the fact that
various criteria must be considered in the decision-making process.
The criteria used may vary across different product categories and
purchase situations (Shen and Yu, 2009). There may not be a gener-
alized consensus on how to identify suitable criteria because these
decisions are highly firm-and situation-specific (Chou et al., 2007;
Liu and Hai, 2005; Schmitz and Platts, 2004).

With reference to past literature, it can be observed that there
has only been limited discussion of virgin material VS dimensions
and criteria, which in fact is insufficient for VS for conducting
the recycled materials. To align the company strategy of environ-
mentally conscious green manufacturing with the use of recycled
materials, we must consider critical criteria that are connected with
green manufacturing in our study.

Vachon (2007) described the concept of green supply chain
practices as two sets of related yet independent environmental
activities: environmental collaboration and environmental moni-
toring. Environmental collaboration can be defined as the planning
and development of environmental activities and projects that
require direct involvement of an organization, whether with its
suppliers or its customers, to jointly develop environmental solu-
tions (Geffen and Rothenberg, 2000; Rao, 2002).

According to the above VS criteria review, we modified Chan
and Kumar’s (2007) VS dimensions which included the overall cost
of the product, quality of the product, service performance of sup-
plier, supply risk, delivery, as well as consideration of green supply
chain practices for environmental collaboration. The problem we
studied here has four levels of hierarchy, and different decision
dimensions and criteria will be further discussed in Table 1. The
overall objective is selecting the best recycled materials vendor for
an ACP manufacturing company.

We denote above dimensions, criteria, and alternatives by D;
(i=1,2,...,6), G (j=1,2,...,17), and V} (k=1,2,...,n) to form a
hierarchy of vendor selection in recycled materials in Fig. 3.

Based on the literature review, we found the following methods
are using recently for evaluation or development suppliers in sup-
ply chain management: (1) linear weighting models (Barbarosoglu
and Yazgac, 1997); (2) mathematical programming models (Weber
et al., 1991); (3) statistical models (Ronen and Trietsch, 1988;
Soukup, 1987); (4) artificial intelligence models (Albino and
Gravel, 1998); (5) fuzzy extended AHP (analytic hierarchy process)
approach (Chan and Kumar, 2007; Chou et al., 2007; Shen and Yu,
2009); (6) ISM and TOPSIS (Kannan et al., 2009); (7) ISM and fuzzy
integral (Yang et al., 2008).

It is quite clear that few articles were carried out on the selec-
tion of recycled material vendors using the hybrid MCDM model
combining with DANP and VIKOR. Therefore, we proposed to
use DEMATEL combine ANP to determine the degrees of influ-
ence among the criteria and VIKOR method for calculating the
compromise ranking and gap of the alternatives for alternative
improvement.

3. Development of solution methodology

VS is one of MCDM problems, as any criterion may be inter-
influenced, the DEMATEL technique permits us to know the
influence structure between the criteria and try to find problems
that can be improved. DEMATEL technique combined with the
ANP method to find the most important criterion that will help
to improve VS performance. To understand the gap of each cri-
terion and to rank the first important strategy to implement, the
VIKOR method will be leveraged for calculating the compromise
ranking and gap of the alternatives for alternative improvement. In
short, the framework of evaluation contains three main phases: (1)
constructing the NRM among criteria by the DEMATEL technique,
(2) calculating the weights of each criterion by combining the ANP
based on the NRM, and (3) ranking and improving the priorities of
alternative vendors through the VIKOR. The process of this hybrid
MCDM model is briefly illustrated in Fig. 4.

3.1. The DEMATEL technique for developing NRM

The DEMATEL technique has been successfully applied in many
situations, such as marketing strategies, e-learning evaluations,
control systems and safety problems (Chiu et al., 2006), informa-
tion security (Ou Yang et al., 2009), financial stock investment (Lee
et al., 2009), water resources and environment (Chen et al., 2010),
industry technology (Lin and Tzeng, 2009; Lin et al., 2010a-c), and
portfolio selection based on CAPM (Ho et al., 2011). The method-
ology can confirm interdependence among variables/criteria and
restrict the relationships that reflect characteristics within an
essential systemic and developmental trend. The method can be
summarized as follows (Liou et al., 2007, 2008):

Step 1: Calculate the initial average matrix by scores. In this step,
respondents are asked to indicate the degree of direct influence
each factor/element i exerts on each factor/element j, as indicated
by aj;, using an integer scale ranging from 0 to 4 (going from “no
influence (0)”, to “very high influence (4)”). From any group of
direct matrices of respondents, it is possible for experts to derive
an average matrix A = [a;] ., with each element being the mean
of the same elements in the various direct matrices of the respon-
dents.
The average matrix A is represented as shown in Eq. (1).

[ LR O T B V']
A=|aq - @ - Gy (1)
an1 -+ Qpj -+ dnn

Step 2: Calculate the initial influence matrix. The initial influence
matrix X = [x;], . is obtained by normalizing the average matrix
A (shown by degree, i.e., shown by membership and 0 < x;; <1, also
called the “fuzzy cognitive matrix”), in which all principal diagonal
elements equal zero. Based on X, the initial effect that an element
exerts and receives from another is shown. The map portrays a
contextual relationship among the elements of a system, in which
the numeral represents the strength of influence (affected degree).
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Table 1
The influence dimensions and criteria of comprehensive VS in recycled materials.

Dimensions Influence criteria Statements of influence criteria
Quality of the product Ingredient consistency The ingredient consistency indicates that the
(D1) (C1) source of recycled materials should be one type of
PCW
Process capability (C;) Process capability describes the remanufacturing
capability of the vendor’s production line
Yield rate (G3) The yield rate of products means the fraction of
good products used in the recycled materials in
production line
Delivery schedule (D) Shortest lead time (Cy4) Lead time is the prepare time, include delivery
time, for the vendor to supply recycled materials to
their purchasers
Delivery on time rate The fraction of the vendor’s on time delivery of the
(Gs) total shipments in last one year
Serious delivery delay A long time delays that affect the manufacturer’s
rate (Cg) ability to deliver products to customers in a timely
advantage
Supply risk (D3) Geographical location Increasing distance between a vendor and a

(G7)

Political stability (Cs)

Equipment capacity

change (Co)
Overall cost of the Recycled material price
product (Dy4) (Ci0)

Handling cost (Ci1)

Process loss cost (Ci2)

Response to demand
(Gi3)

Information
acquisition (Cy4)

Services (Ds)

After- sales service
(Gi5)

Technology for
recycling products and
process (Cig)

Environmental
collaboration (Dg)

Green manufacturing
policy (Ci7)

purchaser increase the risk of delivery delay, as
there is an increased risk of issue with long
distance transportation

For example, a strike by workers in public utilities
and transportation will cause major supply risks
for the vendor and purchaser

Equipment capacity change indicates that a vendor
has sufficient equipment capacity to meet any
change in supply situation change

The bulk of the cost of ACP is recycled material
price, which depends on the ingredient
consistency of the recycled materials

The handling cost includes the replenishment costs
per unit time and the costs of carrying inventory
over a unit time period

In processing recycled materials, the quality of the
material affects the process loss cost much more
than the aforementioned causes

The fast and effective response to change in
demand by the vendor is very important

Recycled materials users require the marketing
information about recycled materials and the
situations of their competitors, when devising
materials purchasing and products sales strategies
There are frequent quality issues regarding
recycled plastics materials. Therefore, vendor’s
warranties and claim polices for after-sales service
are important criteria for VS

A qualified vendor for recycled materials should
have the proper technology for recycling products
and process, as more recycling technology will
stabilize product quality and decrease resource
waste in manufacturing

A green manufacturing policy is making
environmentally friendly products at the design
stage and through efficient processes

Step 3: Derive the full direct/indirect influence matrix. A continuous
decrease of the indirect effects of problems can be determined
along the powers of X, e.g., X2, X3, .., X" and hlith =[0],0xm»

whereX = [x5] ,0<x;<land0<} x;<lor0<} ;x;<1land
at least one column or one row of summation, but not all, equals
one. If the (i,j) element of matrix A is denoted by a;;, the matrix
X can be obtained through Egs. (2) and (3), in which all principal
diagonal elements are equal to zero.

X=zxA (2)

where z = min 1 1 3)

n ’ n
MaXiicn) ;1@ MaXicicn) ;10

and

lim X" = [0]xn> 0 < xj <1
h—o0

Step 4: Attainning the total-influence matrix T. The total-influence
matrix can be obtained through Eq. (4), in which I denotes the
identity matrix.

T=X+X>+.. +X"= XxX(U-Xx)"! whenhlith =[0],.n- (4)

Explanation

T=X+X+  +X"=XT+X+X*>+ -+ X"y -x)a-x)!
=X(I - X1 -x)"

then,

T=X(I-X)"', whenh— .
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Fig. 3. The hierarchy of vendor selection in recycled materials.

If we define the sum of the rows and the sum of the columns sep-
arately expressed as vector r and vector s within the total-influence
matrix T through Eqgs. (5)-(6) then

If r; denotes the row sum of the ith row in matrix T, then
r; shows the sum of direct and indirect effects of factor i on
the other factors/criteria. If s; denotes the column sum of the
jth column of matrix T, then s; shows the sum of direct and

T=[t;], i,j=1,2,...,n, (5) indirect effects that factor j has received from the other factors.
Furthermore, when j =i (i.e. the sum of the row and column aggre-
n n ' gates), (r; +5;) provides an index of the strength of influences given
r=[rilg = ZtU o s=Isil, = Ztif (6) and re.ceived, that is, (r;+s;) §hows the Qegree that the factor i
= i1 Len plays in the problem. In adclmop, the difference (r; —s;) shows
nx1 the net effect that factor i contribute to the problem. If (r; —s;)
where the superscript denotes transpose. is positive, then factor i is affecting other factors, and if (r; —s;)
Criteria - Solve T and Solve ANP o | Solve vendors
questionnair [ "] Criteria NRM » weights A oo ranking

DEMATEL

VIKOR

ol Ly P

Fig. 4. The process of a hybrid MCDM model combined DANP and VIKOR.
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is negative, then factor i is being influenced by other factors
(Tzeng et al., 2007).

3.2. Combining DEMATEL and ANP to find the evaluation weights

ANP was published by Saaty (1999); its purpose was to solve
the problems of interdependence and feedback between criteria
and alternatives in the real world. ANP is a mathematical theory
that can systematically overcome all types of dependences. In ANP
procedures, the initial step is to compare the criteria in the entire
system to form an unweighted supermatrix by pairwise compar-
isons. Then, the weighted supermatrix is derived by transforming
each column to sum exactly to unity (1.00). Each element in a col-
umn is divided by the number of clusters, and thus each column
will sum to unity exactly. However, using the assumption of equal
weight for each cluster to obtain the weighted supermatrix appears
irrational because there are different degrees of influence among
the criteria (Ou Yang et al., 2008). Thus, we adopted the DEMATEL
technique to determine the degrees of influence of these crite-
ria and apply these to normalize the unweighted supermatrix in
the ANP to mimic the situation in the real world. We named this
improved ANP as DANP. The improved ANP is divided into the steps
as follows:

Step 1: Develop an unweighted supermatrix. The total-influenced
matrix will be obtained from DEMATEL. Each column will sum
for normalization. We call the total-influenced matrix T¢ = [t;],, .
obtained by criteria and Tp = [ti[j)]mxm obtained by dimensions

(clusters) from T.. Then, we normalize the supermatrix T, for the
ANP weights of dimensions (clusters) by using influence matrix
Tp. Each column will sum for normalization.

D, D; D,
‘11 €11 Clmy €1 Cjm . €n1-Cnm,
2 / .
D, o, L tn
etm TC T, T,
“il
€i2 .
Tc =D, : T il T ij . T in
Cimj c c c
‘nl : ’
¢
), i "2 j
D,: T,”l . T‘"_/ .. T_""
Camy - ¢ ¢ ¢ - (7)

After normalizing the total-influence matrix T, by dimensions
(clusters), we will obtain a new matrix TY as shown as Eq. (8).

o D, D; D,
D _clln-clml Cjt-Cjm; Cn]-ncnm,,_
1 oll alj oln
:"lm] T‘; TL’ 71
il
a _ D ail oij oin
7; — Vi T T ... T
Cim; c c ¢
“nl
n2 anl onj onn
" | T T ... T
n . L ¢ c c _ (8)

In addition, an explanation for the normalization T%!! is shown
as Egs. (9)-(10), and other T2"™ values are as above.

my
11 _ § 11
dci - tcij’
j=1

i=1,2,...,m (9)

ey
reno | ey gey g |-
e, e
o,
R (10)
_tgni1}1 t?rjz}j tgn%}m]

Let the total-influence matrix match and fill into the interde-
pendence clusters. It will be called an unweighted supermatrix as
shown as Eq. (11), which is based on transposing the normalized
influence matrix T¢ by dimensions (clusters), i.e. W = (T%)'.

e Dy D; D,
D, 5“'3 CLCum Cil...Cim; 1oy
i 11 il nl
am | W oot oLow
o : : :
w=aoy="" |y i n;
=(T7y="": W R e W

e
im;
. . .

“nl

w oo L o™
p,i" L

oA

If the matrix W1 is blank or 0 as shown as Eq. (12), this means
that the matrix between the clusters or criteria is independent and
with no interdependence, and the other W™ value are as above.

€11 - G o COmy
tolll tC{ll toéll
C11 cl11 cil cmq1
1 : . . :
wi= " ¢ Loopell o gell (12)
Gyj ¢ cij cmyqj
all all all
C1m, tclml e tciml o Lomym,

Step 2 For obtaining the weighted supermatrix, each column will
sum for normalization as show in Eq. (13).

11 1j 1n
7 7 SR
Tp=|¢l ... (8 ... ¢n (13)
n1 nj nn
L R .
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We normalized the total-influence matrix Tp, and obtained a

new matrix TJ, as shown as Eq. (14) (where t‘“f '/di).
1j
t/dy - tf/dy tp*/d
Tp=| th/d - t}/di - th/d; | =
e /dy -t /dy e /dy
11 alj 1
3 R -
i1 Olij .A
gl gl gin (14)
1 anj .
tgn . tD . tgrm

Let the normalized total-influence matrix Tj fill into the

unweighted supermatrix to obtain the weighted supermatrix.

WY =T%x W =
tg“ «~wit ... tg“ x Wil tgnl « wm
(o WY e Wi (on W (15)
tg”” >< W]n tgin >< Win tgnn >< wnn

Step 3 Limit the weighted supermatrix. Limit the weighted super-
matrix by raising it to a sufficiently large power k, until the
supermatrix has converged and become a long-term stable
supermatrix to obtain the global priority vectors, called DANP
(DEMATEL-based ANP) influential weights, such as limg_, .o (W® ¥,
where g represents any number of power.

In brief, the overall weights are calculated by using the above
steps to derive a stable limiting supermatrix. Therefore, a hybrid
model combining the DEMATEL method with ANP methods can
deal with the problems of interdependence and feedback.

3.3. The VIKOR method for ranking and improving the
alternatives

Opricovic and Tzeng (2004) proposed the compromise ranking
method (VIKOR) as one applicable technique to implement within
MCDM. Suppose that the feasible alternatives are represented by
V1, Va, s Vi, ..., Vin. The performance scores of alternative Vj, and the
jth criterion is denoted by fi;; w; is the influential weight (relative
importance) of the jth criterion, where j=1, 2, ..., n, and n is the
number of criteria. Development of the VIKOR method began with
the following form of L,_metric (Ho et al., 2011):

1/p

(16)

where 1 <p<oo;k=1,2, .., m and influential weight w; is derived
from the ANP. To formulate the ranking and gap measure L;;:] (as
Sk) and L£=°° (as Q) are used by VIKOR (Tzeng et al., 2002, 2005;

Opricovic and Tzeng, 2002, 2004, 2007).
w;(If _fkj):l

S, = P:1: J
=h Z[ W —£D
Jj=1

(17)

Qu =L = max {((g ?"ll)) 1,2,...,n} (18)

The compromise solution minkL‘,'z showed the synthesized gap
to be minimized, and it will be selected so that its value will be
the closest to the aspired level. In addition, the group utility is
emphasized when p is small (such as p=1); on the contrary, if
p tends to become infinite, the individual maximal regrets/gaps
obtain more importance in prior improvement (Freimer and Yu,
1976) in each dimension/criterion. Consequently, min,S stresses
the maximum group utility; however, min,Q, accents on the
selecting the minimum from the maximum individual regrets/gaps
for shown priority improvement. The compromise-ranking algo-
rithm VIKOR has four steps according to the above mentioned
factors:

Step 1: Obtain an aspired or tolerable level. We calculated the best j;*
values (aspired level) and the worst fj‘ values (tolerable level) of all
criterion functions, j=1, 2, ..., n. Suppose the jth function denotes
benefits: f].* = maxfi; and f]f = mingfy; or these values can be set
by decision makers (i.e.j;.* is the aspired level and fj‘ is the worst
value). Furthermore, an original rating matrix can be converted
into a normalized weight-rating matrix by using the equation

(-

(19)
_f]f‘)

rkj =

Step 2 Calculate the mean of group utility and maximal regret. The

values can be computed by S, = Z]'?:lerkj (the synthesized gap

for all criteria) and Q = max; {rkj |j =1,2,.., n} (the maximal
gap in k criterion for priority improvement), respectively.

Step 3 Calculate the index value. The value can be counted
by Ri = u(Si — S)/(S™ = 5*) + (1 - v)(Q — Q*)/(Q~ — Q*), where
k=1,2,...m, S'=min; S; or S*=0 (when all criteria have been
achleved to the aspired level) and S~ = max;S; or S~ =1 (when the
worst situation); Q*=min;Q; or setting Q*=0 and Q~ =max;Q; or
setting Q~ =1, and v is presented as the weight of the strategy of
the maximum group utility. Conversely, 1 — v is the weight of indi-
vidual regret. Therefore, we also can re-write R, = vS; + (1 — v)Qy,
when $*=0,5"=1,Q*=0and Q— =1.

Step 4 Rank or improve the alternatives for a compromise solu-
tion. Order alternatives decreasingly by the values of S, Q
and Ry. Propose as a compromise solution the alternatives V1),

V), L, M),

The compromise-ranking method (VIKOR) is applied to deter-
mine the compromise solution and the solution is adaptable for
decision-makers in that it offers a maximum group utility of the
majority (shown by min S), and a maximal regret of minimum
individuals of the opponent (shown by min Q). This model uti-
lizes the DEMATEL and ANP processes in Sections 3.1 and 3.2 to
obtain the influential weights of criteria with dependence and feed-
back and employs the VIKOR method to acquire the compromise
solution.

4. Application of the model to empirical case

In this section, an empirical study is displayed to illustrate
the application of the proposed model to evaluate and find the
best vendor for conducting the recycled materials in real world
case.
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4.1. Background and problem descriptions

As an example case, Corporation G has dedicated its efforts since
1966 to develop ACP products for exterior and interior decoration
in Taiwan. Corporation G is one of the pioneers of ACP manufactur-
ing in Asia. The products of Corporation G include fire resistant
exterior cladding solution and embossed interior ACP cladding
solution.

To reduce the cost of its products and to be environmentally
friendly, Corporation G changed its production line process to use
recycled materials instead of virgin raw materials in 1998. Because
recycled materials suppliers and vendors could not manage or
control the quality of their products consistently and deliver mate-
rials on schedule, Corporation G faced critical problems regarding
the inconsistent quality of its products and overwhelmed pro-
cess capability. Three alternatives vendors, V¢, V5, and V3, could
supply the recycled materials to Corporation G. We evaluated
and improved these vendors and then selected the best one by
using the hybrid MCDM model combining DANP with VIKOR as
follows.

4.2. Data collection

To assess the inter-influence of VS criteria for the DEMETEL cal-
culation, we designed a questionnaire to collect data from experts
in the ACP industry (see Appendices A and B). These experts were
the vice president, corporation general manager, plant assistant
general manager, R&D manager, purchase manager, vice plant man-
ager, and section managers.

4.3. Measuring relationships among dimensions and criteria by
DEMATEL

In this study, we adopted a DEMATEL decision-making structure
and analyzed 6 dimensions of 17 criteria as well as the impact of
mutual relationships. The ACP experts were thus asked to deter-
mine the influential importance of the relationships among the
dimensions and criteria. The averaged initial direct-relationship
17 x 17 matrix A (Table 2) was obtained by pairwise comparisons
in terms of influences and directions between criteria. As matrix
A shows, the normalized direct-influence matrix X (Table 3) was
calculated from Eqs. (1)-(3). Then, using Eq. (4), the total influence
T (Table 4) and Tp (Table 5) were derived, and by using Eq. (6), the
NRM was constructed by the r and s in the total direct-influence
matrix T, and Tp (Table 6) as shown in Figs. 5 and 6.

4.4. Weighting of each criterion by combining the DEMATEL
methods with ANP methods (DANP Technique)

In this research, we combined the DEMATEL technique with
the ANP method to solve VS problem, and this combination was
used to obtain the normalized matrix T, We first normalized the
total-influence matrix T. By calculating the limiting power of the
weighted supermatrix, glim(W"‘)g is applied until a steady-state

condition is reached (Tables 7-11).

By evaluating the VS criteria of Corporation G according to the
DEMATEL process, we obtained dynamic relationships between
the construction of an important degree of influence-unweighted
supermatrix (Table 8), and in accordance with the extent of the
impact of various criteria, we achieved a weighted supermatrix
(Table 10). Finally, the limit of the supermatrix (Table 11) to con-
firm the supermatrix has been converged and become a long-term
stable supermatrix and to obtain the global and local weights of all
criteria and their ranks, as shown in Table 12.

Table 2

The initial influence matrix A for criteria.
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Table 3

The normalized direct-influence matrix X for criteria.
Criteria G G G Cy Cs Cs G Cs Gy Cio Cit Ci2 Ci3 Ciy Cis Cis Ci7
G 0 0.081 0.081 0 0.063 0.066 0.036 0.03 0.075 0.066 0.054 0.084 0.051 0.063  0.051 0.075  0.072
G 0.084 0 0.081 0.054 0.072 0.069 0.033 0.03 0.078 0.054 0.057 0.084 0.057 0.066 0.048 0.06 0.06
C3 0.075 0.075 O 0.051 0.069 0.057 0.027 0.024 0.078 0.051 0.054 0.084 0.054 0.06 0.045 0.063 0.057
Cy 0.042 0.045 0057 O 0.081 0.075 0.066 0.048 0.069 0.051 0.048 0.048 0.06 0.057 0.042 0.033 0.036
Cs 0.042 0.054 0.066 0.066 0 0.063 0.066 0.045 0.066 0.048 0.051 0.048 0.06 0.057  0.051 0.042  0.027
Ce 0.048  0.051 0.069 0.054 0087 O 0.063 0.057 0.063 0.045 0.048 0.06 0.063  0.06 0.06 0.051 0.045
Cy 0.024 0.018 0.015 0.057 0.075 0.072 0 0.066  0.027 0.051 0.051 0.045 0.063 0.039 0.054 0.045 0.045
Cs 0.015 0.012 0.012 0.054 0.063 0069 0075 O 0.03 0.048 0.039 0.042 0.036 0.03 0.051 0.03 0.027
Cy 0.06 0.066 0.072  0.06 0.072 0.063 0.03 0.027 0 0.054 0.042 0.06 0.072 0.066  0.051 0.057  0.048
Cio 0.078 0.075 0.06 0.057 0.048 0.054 0.057 0.042 0.048 O 0.072  0.06 0.057 0.042 0.039 0.057 0.042
Ci 0.048  0.051 0.045 0.051 0.039 0.054 0039 0.033 0.039 0063 O 0.051 0.045 0.036 0.042 0.054 0.048
Ci2 0.063  0.057 0.051 0.048 0.039 0.042 0.033 0.018 0.042 0.069 0.051 0 0.042 0.042 0.048 0.054 0.048
Ci3 0.042  0.051 0.051 0.048  0.051 0.057 0.045 0.03 0.051 0.045 0.045 0048 O 0.051 0.054 0.045 0.033
Cia 0.054 0.063 0.069 0.069 0.072 0.075 0.021 0.021 0.06 0.057 0.045 0.048 0054 O 0.063 0.057 0.036
Cis 0.057 0.054 0.063 0.054 0.057 0.054 0.039 0.027 0.042 0.045 0.045 0.057 0.069 0.06 0 0.045 0.042
Cie 0.066 0.069 0.054 0.03 0.042 0.039 0.036 0.027 0.06 0.045 0.048 0.048 0.057 0.045 0.063 O 0.072
Ci7 0.06 0.066 0.033 0.03 0.033 0.027 0.036 0.027 0.036 0.051 0.045 0.042 0.048 0.03 0.039 0.048 0

Table 4

The total influence matrix T for criteria.
Criteria C] Cz C3 C4 C5 Ce C7 Cg Cg Cm Cn C12 C13 C14 C15 C]G C17 r
(@] 0.325 0411 0410 0352 0411 0402 0.291 0.233 0396 0373 0347 0417 0377 0361 0344 0375 0344 1.145
G 0400 0.333 0408 0.356 0418 0404 0.287 0.232 0397 0361 0347 0415 0380 0363 0340 0360 0331 1.141
C3 0373 0384 0313 0335 0394 0373 0266 0214 0378 0340 0327 0395 0358 0340 0320 0.345 0313 1.070
Cy 0.316 0329 0340 0.266 0381 0366 0.286 0.225 0344 0316 0300 0336 0340 0314 0296 0294 0271 1.013
Cs 0.315 0.336 0347 0326 0304 0354 0.284 0.220 0341 0312 0301 0335 0339 0313 0303 0301 0.262 0.985
Ce 0.341 0354 0370 0.335 0406 0315 0.298 0.244 0358 0329 0317 0367 0362 0334 0329 0328 0.295 1.056
G 0.257 0261 0258 0280 0330 0320 0.194 0216 0263 0277 0265 0.289 0301 0.258 0.270 0.265 0.243 0.673
Cg 0.215 0.220 0.220 0.246 0.283 0.282 0.237 0.133 0.232 0.241 0.224 0251 0243 0.219 0.236 0219 0.198 0.602
Cy 0.351 0.367 0372 0336 0389 0371 0.264 0.213 0.297 0334 0309 0365 0367 0338 0318 0332 0297 0.774
Cio 0361 0368 0354 0328 0361 0357 0284 0224 0336 0278 0332 0360 0347 0310 0302 0.327 0.288 0.970
Ci 0.287 0.298 0.291 0.277 0301 0306 0.231 0.186 0.280 0.292 0.221 0301 0.288 0.260 0.261 0.279 0.252 0.813
Ci2 0.307 0310 0.303 0.279 0.306 0301 0.228 0.174 0.289 0302 0.274 0258 0.291 0.271 0.271 0284 0.257 0.835
Ci3 0285 0301 0301 0279 0317 0314 0239 0.185 0.295 0279 0.267 0302 0.249 0.278 0.276 0.274 0.241 0.803
Cia 0.337 0355 0361 0336 0380 0372 0249 0.202 0345 0328 0304 0345 0342 0.268 0320 0323 0.278 0.930
Cis 0.318 0325 0333 0303 0344 0332 0.249 0.195 0308 0.298 0.285 0331 0334 0305 0.243 0.293 0.266 0.881
Cis 0.324 0336 0321 0.277 0325 0313 0.242 0.191 0320 0.295 0.285 0320 0320 0.288 0.299 0.247 0.292 0.539
Ci7 0272 0285 0254 0233 0266 0254 0206 0.163 0251 0256 0.240 0.266 0.264 0.230 0.234 0.249 0.184 0433
s 1.098 1.128 1.131 0927 1.092 1.036 0.694 0562 0793 0873 0.827 0919 0925 0.851 0.839 0496 0476 -

Table 5

The total influences matrix Tp and influences given/received for dimensions.
Dimensions Dy D, D3 Dy Ds D¢ T Dimensions Ty Si TS Ti —Sj
Dy Quality 0.373 0.383 0.299 0.369 0.354 0.345 2123 Dy 2123 1.935 4.06 0.19
D, Delivery 0.339 0.339 0.289 0.324 0.326 0.292 1.908 D, 1.908 1.959 3.87 -0.05
D3 Risk 0.28 0.315 0.228 0.284 0.283 0.259 1.649 D5 1.649 1.544 3.19 0.11
Dy Cost 0.32 0313 0.248 0.291 0.289 0.281 1.742 Dy 1.742 1.849 3.59 -0.11
Ds Service 0.324 0.331 0.252 0.304 0.291 0.279 1.781 Ds 1.781 1.814 3.59 -0.03
Ds Environmental collaboration 0.299 0.278 0.229 0.277 0.272 0.243 1.597 Dsg 1.597 1.699 3.30 -0.10
Sj 1.935 1.959 1.544 1.849 1.814 1.699 - - - - - -

Note: Leti=jber;+s; and r; — ;.

As shown in Tables 7-11, we used the DANP method to obtain
the weights and priority of dimensions and criteria of the empir-
ical case of Corporation G. According to Table 12, we found that
the priority in global weight of the first dimension is delivery (D,),
followed by quality (D7), cost (Dy4), service (Ds), environmental col-
laboration (Dg), and risk (D3), in that order.

In addition, we extended the priority of criteria in each dimen-
sion from the local weights in Table 12. For example, delivery (D;)
is the first priority in dimensions of a global weight; when extended
to local weight, however, we know that the delivery on-time rate

(Cs) will be the first priority of delivery (D). All these local and
global weights will be helpful in selecting the best alternatives in
MCDM problems with VIKOR.

4.5. Using a VIKOR model to calculate the performance value and
to select the best alternative vendor for the case corporation

There are three vendors to supply plastic recycled materials
for the corporation G. According to the aforementioned 6 dimen-
sions and 17 criteria, we evaluated the performance of each vendor
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Table 6

The sum of influences given and received on criteria.
Criteria T; Si Ti+S; i —Si
Ingredient consistency G 1.145 1.098 2.243 0.047
Process capability G 1.141 1.128 2.270 0.013
Yield rate G 1.070 1.131 2.201 —0.061
Shortest lead time Cy 1.013 0.927 1.940 0.086
Delivery on time rate Cs 0.985 1.092 2.077 -0.107
Serious delivery delay rate Cs 1.056 1.036 2.092 0.021
Geographical location Cy 0.673 0.694 1.367 —0.021
Political stability Cs 0.602 0.562 1.164 0.040
Equipment capacity change Coy 0.774 0.793 1.567 -0.018
Recycled material price Cro 0.970 0.873 1.842 0.097
Handling cost Ci 0.813 0.827 1.640 -0.014
Process loss cost Cia 0.835 0.919 1.754 —0.083
Response to demand Ci3 0.803 0.925 1.728 -0.122
Information acquisition Cig 0.930 0.851 1.780 0.079
After sales service Cis 0.881 0.839 1.721 0.042
Technology for recycling products and process Ci 0.539 0.496 1.035 0.043
Green manufacturing policy Ci7 0.433 0.476 0.909 —0.043

Note: Leti=j be r;+s; and r; —s;..

Table 7

The new matrix T¢ obtained by normalizing matrix T in criteria.
Criteria G G G Cq (e3 Co G Cs Gy Cio Cn Ci2 Ci3 Cia Cis Cis Ci7
(@] 0283 0359 0358 0302 0353 0345 0316 0254 0430 0328 0305 0367 0348 0334 0318 0522 0478
G 0.350 0292 0358 0302 0355 0343 0313 0253 0433 0321 0309 0369 0351 0335 0314 0521 0479
(&) 0.349 0359 0293 0304 0357 0338 0310 0.250 0440 0320 0308 0372 0352 0334 0314 0525 0475
Cy 0.321 0334 0345 0262 0376 0361 0335 0263 0403 0332 0315 0353 0358 0331 0311 0520 0.480
Cs 0.316 0336 0348 0331 0309 0360 0336 0261 0403 0329 0318 0353 0355 0328 0317 0534 0.466
Ce 0.320 0332 0348 0317 0385 0299 0331 0271 0398 0325 0313 0362 0353 0326 0321 0526 0474
Cy 0.332 0336 0332 0302 0355 0344 02838 0321 0391 0333 0319 0348 0363 0312 0325 0521 0479
Cs 0329 0335 0336 0303 0349 0347 0394 0221 0385 0337 0312 0350 0348 0314 0338 0525 0475
Cy 0.322 0337 0341 0307 0355 0338 0341 0275 0384 0332 0307 0362 0358 0331 0311 0528 0472
Cio 0.333 0340 0.327 0313 0345 0341 0337 0265 0398 0.287 0342 0371 0362 0323 0315 0532 0.468
Ci 0328 0334 0333 0314 0340 0346 0331 0267 0402 0359 0271 0370 0356 0321 0323 0525 0475
Ci2 0.333 0337 0330 0315 0345 0339 0330 0.252 0418 0362 0329 0309 0349 0325 0326 0525 0475
Ci3 0.321 0339 0340 0307 0348 0345 0332 0258 0410 0329 0315 0356 0310 0346 0344 0532 0.468
Cia 0.320 0337 0343 0309 0349 0342 0312 0254 0434 0336 0311 0353 0367 0288 0345 0537 0.463
Cis 0.326 0333 0341 0310 0351 0339 0331 0259 0410 0326 0312 0362 0379 0346 0.275 0524 0476
Cie 0.330 0342 0327 0303 0355 0342 0321 0254 0425 0328 0316 0356 0353 0317 0330 0458 0.542
Ci7 0.336 0351 0313 0310 0353 0337 0332 0263 0405 0336 0315 0349 0362 0316 0322 0575 0425

Table 8

The unwighted supermatrix W.
Criteria G G G Gy Cs Cs G Cs Go Cio Cn Ciz Ci3 Cig Cis Cis Ci7
C 0.283 0350 0349 0321 0316 0320 0332 0329 0322 0333 0.328 0.333 0.321 0.320 0.326 0.330 0.336
G 0.359 0292 0359 0334 0336 0332 0336 0335 0337 034 0.34 0.337 0.339 0.337 0.333 0.342 0.351
C3 0358 0358 0.293 0345 0.348 0348 0332 0336 0341 0.327 0.333 0.33 0.34 0.343 0.341 0.327 0313
Cy 0.302 0302 0304 0262 0331 0317 0302 0303 0307 0313 0.314 0.315 0.307 0.309 0.31 0.303 0.31
Cs 0.353 0355 0357 0376 0309 0385 0355 0.349 0.355 0.345 0.34 0.345 0.348 0.349 0.351 0.355 0.353
Ce 0.345 0343 0338 0361 036 0.299 0.344 0347 0338 0.341 0.346 0.339 0.345 0.342 0.339 0.342 0.337
Cy 0.316 0313 031 0.335 0336 0331 02838 0394 0341 0.337 0.331 0.33 0.332 0.312 0.331 0.321 0.332
Cg 0.254 0.253 025 0.263 0.261 0.271 0321 0221 0275 0.265 0.267 0.252 0.258 0.254 0.259 0.254 0.263
Cy 0.43 0433 044 0.403 0403 0.398 0391 0385 0384 0.398 0.402 0.418 0.41 0.434 0.41 0.425 0.405
Cio 0328 0321 0.32 0332 0329 0325 0333 0337 0332 0287 0.359 0.362 0.329 0.336 0.326 0.328 0.336
Cn 0.305 0309 0308 0315 0318 0313 0319 0312 0307 0.342 0.271 0.329 0.315 0.311 0.312 0.316 0.315
Ci2 0.367 0.369 0372 0353 0353 0362 0.348 0.35 0.362 0.371 0.37 0.309 0.356 0.353 0.362 0.356 0.349
Cis 0348 0351 0352 0358 0355 0353 0363 0348 0.358 0.362 0.356 0.349 0.31 0.367 0.379 0.353 0.362
Cia 0.334 0335 0334 0331 0328 0326 0312 0314 0331 0323 0.321 0.325 0.346 0.288 0.346 0.318 0.316
Cis 0.318 0314 0314 0311 0317 0321 0325 0.338 0311 0315 0.323 0.326 0.344 0.345 0.275 0.33 0.322
Cis 0.522 0.521 0525 0.52 0.534 0526 0.521 0.525 0.528 0.532 0.525 0.525 0.532 0.537 0.524 0.458 0.575
Ci7 0478 0479 0475 048 0466 0474 0479 0475 0472 0.468 0.475 0.475 0.468 0.463 0.476 0.542 0.425

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Note: W = (T¢).
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Fig. 6. The influential NRM of 17 criteria within 6 dimensions.

according to the opinions of eight experts in ACP manufacturing.
We evaluated performance on a scale of 0-4, with 0 indicating very
bad and 4 indicating the best. Then, we used the average perfor-
mance scores of each vendor and applied the VIKOR model to obtain
the performance and aspired level gaps of alternative vendors, as
shown in Table 12.

5. Results and discussion

According to the empirical study in Section 4, our proposed
hybrid MCDM model could provide more relevant results. For
instance, the interdependent and feedback relationship of VS
dimensions and criteria can be used as the performance of
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Table 9
The new matrix T}, obtained by matrix Tp.
Dimensions D, D, D3 Dy Ds Dg
Dy Quality 0.176 0.177 0.170 0.184 0.182 0.187
D, Delivery 0.180 0.178 0.191 0.180 0.186 0.174
Ds Risk 0.141 0.151 0.138 0.142 0.141 0.143
Dy Cost 0.174 0.170 0.172 0.167 0.171 0.173
Ds Service 0.167 0.171 0.172 0.166 0.163 0.170
Dg Environmental collaboration 0.162 0.153 0.157 0.161 0.157 0.152
Table 10
Weighting the unweighted supermatrix based on total-influence normalized matrix W¥.
Criteria Ci G G Cq Cs Cs G Cs Co Cio Cii Ci2 Ci3 Cia Cis Cis Ci7
C 0.05 0062 0061 0057 0056 0057 0056 0056 0.055 0.061 0.06 0.061 0058 0058 0.059 0062 0.063
G 0.063 0051 0063 0059 006 0059 0057 0057 0057 0062 0062 0062 0062 0061 0061 0064 0.066
G 0.063 0063 0051 0061 0062 0062 0056 0057 0058 0.06 0.061 0061 0062 0062 0062 0061 0.059
Cs 0.054 0055 0055 0.047 0.059 0056 0.058 0058 0.059 0056 0056 0057 0057 0057 0.058 0.053 0.054
GCs 0.064 0064 0064 0067 0055 0068 0068 0067 0068 0062 0061 0062 0065 0065 0065 0062 0.061
Cs 0.062 0062 0061 0064 0064 0053 0066 0066 0065 0061 0062 0061 0064 0064 0063 0.06 0.059
G 0.045 0.044 0044 0051 0051 005 004 0054 0047 0048 0.047 0047 0047 0044 0.047 0.046 0.048
Cs 0.036 0036 0035 004 0039 0041 0044 003 0038 0038 0038 0036 0036 0036 0037 0036 0038
Co 0.061 0061 0062 0061 0061 006 0054 0053 0053 0057 0.057 0059 0058 0061 0058 0.061 0058
Cio 0.057 0056 0.056 0.056 0.056 0.055 0.057 0058 0.057 0.048 0.06 0.06 0.056  0.057 0.056 0057 0.058
Ci 0.053 0054 0054 0053 0054 0053 0055 0054 0053 0057 0045 0055 0054 0053 0053 0.055 0.055
Ciz 0.064 0064 0065 006 006 0061 006 006 0062 0062 0062 0052 0061 0.06 0.062 0062 0.06
Ci3 0.058 0.058 0059 0.061 0061 006 0062 006 0062 0.06 0.059 0.058 0.051 0.06 0.062  0.06 0.062
Cia 0.056 0.056 0.056 0.056 0.056 0.056 0.054 0054 0.057 0054 0053 0054 0056 0047 0.056 0.054 0.054
Cis 0.053 0052 0052 0053 0054 0055 0056 0058 0.053 0052 0054 0054 0056 0056 0045 0.056 0.055
Cis 0.085 0085 0085 008 0082 008 0082 0082 0083 008 008 0085 0083 0084 0082 0.7 0.087
Ci7 0.078 0078 0077 0073 0071 0072 0075 0075 0074 0076 0077 0077 0073 0073 0075 0.082 0.065
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Note: W =Tj x W.
recycled material vendors. Also, the results can be used to obtain can refer D; from Fig. 6 to advise their vendors to improve the
the aspired level gaps of criteria for improvement. Some findings ingredient consistency of product for upgrading their product
are given as follows: quality.
(2) According to the results of DANP with VIKOR (see Table 12), we
(1) From DEMENTAL model in Fig. 5, we can easily understand that found that the total performance of three vendors (V;-V3) are
six dimensions are influenced each other such as quality of the 2.294,2.192, and 2.018 respectively. That is, we can treat ven-
product (D;) will influence delivery schedule (D,), supply risk dor ,V.l as the best vendor to conduct the recycled material. In
(D3), overall cost of product (D), service (Ds ), and environmen- addition, we found that vendor V; has very good perform‘ance
tal collaboration (Dg); supply risk (D3) will influence delivery on the quality ofthe product.(Dl )with 2.752 score and environ-
schedule (D), service (Ds), overall cost of the product (Dg), mental collaboration (Dg) with 2.434 score. These two scores of
and environmental collaboration (Dg). These influential rela- vendor V; are larger than those of other two vendors.
tions will help managers to do the decision-making. In order (3) The traditional VS approaches are only used to select the best
to reduce the overall cost of product, managers should request vendor. Our proposed hybrid MCDM model can be }Jsed to select
their vendors to improve product quality first. Then, managers the best vendor and to analyze the gaps of aspired level for
Table 11
The stable matrix of ANP when power lim(W<)5.
g0
Criteria G G G C4 Cs Cs G Cg (@ Cio Cn Ci2 Ci3 Cia Cis Cie Ci7
G 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
G 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
G 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
G 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Cs 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Cs 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
G 0.05 0.05 0.05 0.05 0.05 0.5 0.05 0.05 0.05 0.05 0.5 0.05 0.05 0.05 0.05 0.05 0.05
Cs 004 004 004 004 004 004 004 004 004 004 004 004 004 004 004 004 004
GCo 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Cio 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Cni 0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.05 0.05 0.05
Ciz 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Ci3 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Cia 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006
Cis 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Cis 0.08 0.08 0.08 0.08 008  0.08 0.08 0.08 0.08 008  0.08 0.08 0.08 0.08 0.08  0.08 0.08
Ci7 0.08 0.08 0.08 0.08 008  0.08 0.08 0.08 0.08 008 008 0.08 0.08 0.08 0.08 0.8 0.08
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Table 12
The performance and aspired level gaps of alternative vendors.
Dimensions and criteria Local weight (base on Global weight Performance Gap of aspired level
DANP) (base on DANP)
Vendor V; VendorV, VendorVs; VendorV; VendorV, Vendor V3
Quality of the product (D7) 0.179(2) 2.752 225 1.542 0.312 0.438 0.614
Ingredient consistency (C) 0.327(3) 0.059 2.625 2.250 1.500 0.344 0.438 0.625
Process capability (C) 0.338(1) 0.061 3.000 2.250 1.625 0.250 0.438 0.594
Yield rate (C3) 0.335(2) 0.060 2.625 2.250 1.500 0.344 0.438 0.625
Delivery schedule (D;) 0.181(1) 2131 2331 2.243 0.467 0417 0.439
Shortest lead time (C4) 0.307(3) 0.056 2.000 2.500 2.500 0.500 0.375 0.375
Delivery on time rate (Cs) 0.352(1) 0.064 2.250 2.625 2375 0.438 0.344 0.406
Serious delivery delay rate (Cs) 0.341(2) 0.062 2.125 1.875 1.875 0.469 0.531 0.531
Supply risk (D3) 0.143(6) 1.959 2.226 2.597 0.51 0.444 0.351
Geographical location (C7) 0.328(2) 0.047 1.875 2375 3.125 0.531 0.406 0.219
Political stability Cg) 0.261(3) 0.037 2.000 2.000 2.875 0.500 0.500 0.281
Equipment capacity change (Cg) 0.411(1) 0.059 2.000 2.250 2.000 0.500 0.438 0.500
Overall cost of product (D4) 0.171(3) 2.136 2.036 1.856 0.466 0.491 0.536
Recycled material price (Cyo) 0.330(2) 0.057 2.125 2.125 1.750 0.469 0.469 0.563
Handling cost (C11) 0.313(3) 0.054 1.875 2.125 2375 0.531 0.469 0.406
Process loss cost (Cy2) 0.357(1) 0.061 2.375 1.875 1.500 0.406 0.531 0.625
Service (Ds) 0.168(4) 2294 2.286 2.083 0426 0428 0.479
Response to dement (C3) 0.354(1) 0.060 2375 2.125 2.000 0.406 0.469 0.500
Information acquisition (Cy4) 0.325(2) 0.055 2.250 2.375 2.500 0.438 0.406 0.375
After sales service (Cy5) 0.320(3) 0.054 2.250 2375 1.750 0.438 0.406 0.563
Environmental collaboration (D) 0.157(5) 2434 2.006 1.881 0.391 0.498 0.53
Technology for recycling production ~ 0.525(1) 0.082 2375 2.125 2.000 0.406 0.469 0.500
and process (Cig)
Green manufacturing policy (Cy7) 0.475(2) 0.075 2.500 1.875 1.750 0.375 0.531 0.563
Total performance 2.294(1) 2.192(2) 2.018(3)
Total gap 0.427(1) 0.452(2) 0.496(3)
Note: The numbers in the () denotes the ranks of local weights in dimensions and criteria.
each vendor’s performance. For example, vendor V; is the best Acknowledgements

vendor of recycled material in the present situation, but the gap
of its aspired level is 0.427. In order to minimize the gap of its
aspired, we can propose an improvement suggestion for vendor
V7 such as the three largest gaps of aspired level are 0.51 (supply
risk D3), 0.467 (delivery schedule D, ) and 0.466 (overall cost of
product Dy), respectively. That is, vendor V; should focus on
supply performance and reduce the gaps of aspired level.

6. Conclusions

Vendor selection is an important issue in the supply chain man-
agement. The decision of VS is a complicated process that various
criteria are uncertainty and may vary across the different product
categories and purchase situations. In this study, we developed the
dimensions and criteria that align with the collaboration of envi-
ronmentally for the ACP industry in Taiwan. An empirical study
was used to demonstrate the application of a hybrid MCDM model
combining DANP with VIKOR. We can not only select the best ven-
dor but also find how to improve the gaps of aspired level of each
dimension and criterion for vendor’s performance. Therefore, this
study can contribute to enhance and increase the efficiency of using
resources and obtain the objective of environmentally conscious
manufacturing for any industries.

One of the limitations of this study is that the survey conducted
was only an expert evaluation exercise rather than a full industrial
survey. It is recommended that the scale of the surveyed samples
should be enough large. In addition, resources are limited in most
companies. In order to reduce the gaps of aspired level for optimal
or suitable areas, the MCDM model with a dominance-based rough
set approach (DRSA) or a new approach could be investigated in
future works.

The authors hope to gratefully acknowledge the referees of this
paper who helped to clarify and improve the presentation.

Appendix A. Survey questionnaire used in this study

Good day! This is an academic research about “The best vendor
selection for conducting the recycled materials based on a hybrid
MCDM model combining DANP with VIKOR”. The purpose is to
explore recycled material vendor’s dimension of performance eval-
uation, evaluation index, and key factors related to performance
evaluation. As we are greatly impressed by your company’s out-
standing achievement in this field, if we could have the honor of
obtaining your precious opinions, the result and credibility of this
research will be tremendously benefited. All the information pro-
vided will be used for academic statistical analysis only, and will
not be separately announced to the outside or transferred to other
applications. Therefore, please feel at ease in filling out the answers.
Your support will be very crucial to the successful completion of
this research. We sincerely hope that you would spend some time
to express your opinions to be taken as reference for this research.
Please accept our most sincere appreciation. Thank you and wish
you all the best.

(1) Instructions for filling out the questionnaire
This questionnaire is divided into six parts: (1) instructions
for filling out; (2) dimensions and criteria description; (3)
method for filling out; (4) comparison of the impact of the six
dimensions; (5) comparison of the impact of the 17 criteria; (6)
personal data.
(2) Descriptions of dimensions and criteria
All decision dimensions and criteria are shown in Table 1.
(3) Method for filling out
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Filling factors influence level: 0. No influence; 1. Minor
influence; 2. Middle influence; 3. High influence; 4. Extreme
influence

Fore example: The influence degree of A to B is extreme
influence, then filling 4 under B column.

Criteria A B C D E
A
B
Examples:

(1) The influence degree of ingredient consistency to process
capability is extreme then filing 4 into the cross blank of C;
and Gy,

(2) Theinfluence degree of process capability to ingredient con-
sistency is minor then filing 1 into the cross blank of C; and
Ci.

alaloapolaalalaalalalaloole
5|~
2l1g|e
e|g |
Criteria 818
Z2.1g
@ | =
3 |<
=3
<
C).Ingredient
consistency 4
C,. Process capability
1

(4) The evaluation of influence relationship for 17 criteria
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C). Ingredient consistency

C,. Process capability

Cs. Yield rate

Cy. Shortest lead time

Cs. Delivery on time rate

Cs.Serious delivery delay rate

C;.Geographical location

C8. Political stability

Cy.Equipment capacity change

Cio-Recycled material price

Cy;. Handling cost

C1,. Process loss cost

C}5 Response to dement

Cy4.Information acquisition

C|s. After sales service

C\¢. Technology for recycling
products and process

C17.Green manufacturing
policy

(5) To evaluate the performance of present plastics recycled mate-
rial vendors
According to the following 17 criteria to evaluate your
present plastics recycled material vendors (represent by
Vi, Vo, Vs,...).The performance scores are 0-4 (very bad
«0,1,2,3,4—very good).
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Performance degree of
dimension (scores between 0~4)

14 I10pudp
741 JIOPUdA
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C. Ingredient consistency

C,. Process capability

Cs. Yield rate

Cy .Shortest lead time

Cs. Delivery on time rat

Cs. Serious delivery delay rate

C; .Geographical location

Cs. Political stability

Cy.Equipmentcapacity change

Cio.Recycled material price

C}; Handling cost

C), Process loss cost

C13. Response to dement

C14 Information acquisition

C,s After sales service

Cj6.Technolo for recycling
products and process

C17.Green manufacturing policy

(6) Basic personal data

. Gender: (J Male O Female

. Education Level: O College O University 0 Master 0 PhD

. Service Unit:

. Service Dept.:

. Job Title:

. Age: O Under 30 years old (including) 0 30-35 years old (includ-
ing) 0 35-40 years old (including) 0 40-50 years old (including)
0O Over 50 years old

AU A WN =

Appendix B.

The MCDM model based on DEMATEL and ANP combining with
VIKOR calculation steps with empirical case data. The calculations
of all tables are shown in excel file which is available from the first
author.
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