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This study utilized the failure modes and effects
analysis (FMEA) to construct a model of materiality
analysis for determining which issue is material that
should be included in organization sustainability
reporting, which is based on a case of Lite-On
Corporation in Taiwan. There are three indices of
FMEA in this work: the occurrence (0) that can be
learned from the number of stakeholders’
communication ; the likelihood of being detected (D)
that refers to the stakeholders’ interest to

issues ; and severity (S) that can be quantified from
the influence of issues to strategic communication
objective. The analytic network process (ANP) was
applied to determine the relative weightings of three



factors, and then a materiality analysis risk
priority number can be calculated for each issue,
which is provided by the companies to identify
material issues of information disclosure that may be
derived from them. Not only can the proposed model
can help firms to systematically determine the
material issues of sustainability reporting in
accordance to stakeholders’ needs, but also it can
facilitate the effectiveness of CSR communication.

materiality analysis, sustainability reporting, FMEA,
FAHP
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Abstract-This study aims to utilize the Decision-making Trial and
Evaluation Laboratory (DEMATEL) and Analytic Network
Process (ANP) approach to recognize the causality and determine
relative weights of evaluation criteria of carbon management in
green supply chain for improving the overall performance of
suppliers in terms of carbon management. Thirteen criteria of
carbon management with three dimensions were identified from
literature review and interview with three experts at an
electronics manufacturer. Results indicated that the four most
important criteria of supplier selection in terms of carbon
management were carbon governance (0.180), management
systems of carbon information (0.163), training related to carbon
management (0.142), and carbon policy (0.125). The proposed
framework of supplier selection that can offer an insight for
managers to understand cause—effort relationship and to select
appropriate suppliers that is capable of having competence in
carbon management and to improve suppliers’ performance.

Keywords - ANP,carbon management, DEMATEL, supplier
selection

I. INTRODUCTION

Organizations have become increasingly aware of the
propensity for environmental pollution incidents within their
supply network to cost them in penalties; cleanup and
consumer backlash [1]. Given growing environmental concerns
during the past decade, a consensus is emerging that
environmental pollution issues accompanying industrial
development should be addressed together with supply chain
management, thus contributing to green supply chain
management (GSCM) [2]. Generally, GSCM is understood to
involve screening suppliers based on their environmental
performance and doing business only with those that meet
certain environmental regulations or standards [3]. Supplier
selection either in GSCM or sustainable supply chain
management (SSCM) has identified as the significance for
purchasing decision [4-5]. With increased awareness of climate
change in green supply chain, World Business Council for
Sustainable Development (WBCSD) and World Resources
Institute (WRI) (2009) reported that at least 80% of carbon
emissions are produced in the total supply chain. A number of
companies in different industry sectors are beginning to
recognize the carbon issue as one of the critical factors in
GSCM [6]. Wittneben and Kiyar [7] pointed out that GHG
emissions from suppliers need to be considered in order to
adequately assess the contributions of any one business on
climate change. The main objective of this study is to recognize
the criteria of supplier selection and evaluation with regard to
carbon management competency in GSCM and to construct the

978-1-4577-0739-1/11/$26.00 ©2011 IEEE

cause relationship among criteria by using Decision Making
Trial and Evaluation Laboratory (DEMATEL) in accordance
with the real situation where criteria are interdependent. And
then, Analytic network process (ANP) is used to determine the
relative weights of criteria for selecting supplier with respect to
carbon management capability.

II.  CRITERIA TO CARBON MANAGEMENT

Several useful environmental criteria and their categories
are pointed out in the literature. Information about them was
utilized to construct a framework for competency in carbon
management-aware supplier selection in GSCM. Thirteen
criteria were finally included, as shown in Table I.

TaBLEI
CRITERIA FOR SUPPLIER SELECTION IN CARBON MANAGEMENT
Criteria References
Carbon governance (C,) [8-9]
Carbon policy (C,) [8-9]
Carbon reduction targets (C;) [9-10]
Carbon risk assessment (Cy) [8-9, 11-12]

Training related carbon management (Cs) [8]

Life cycle cost management (Ce) [13-14]
Measures of carbon management (C;) [12, 15]
Involvement in initiatives for carbon management (g) [8-9]
Management systems of carbon information (Cy) [16]
Supplier collaboration (C,g) [8,13]
Carbon accounting and inventory (Cy;) [8, 13]
Carbon verification (Ci,) [8]
Carbon disclosure and report (Ci3) [17-18]

III. DEMATEL

DEMATEL is a comprehensive tool for building and
analyzing a structural model involving causal relationships
between complex factors [19]. Developed by the Science and
Human Affairs Program of the Battelle Memorial Institute of
Geneva between 1972 and 1976, DEMATEL has been used to
research and solve a group of complicated and intertwined
problems. DEMATEL was developed in the belief that
pioneering and appropriate use of scientific research methods
could improve understanding of the specific problematic
cluster of intertwined problems, thereby contributing to the
identification of workable solutions by a hierarchical structure.
The methodology, according to the concrete characteristics of
objective affairs, can confirm the interdependence among the
variables/attributes and restrict the relationship that reflects the
characteristic with an essential system and development trend
[20-21]. The product of the DEMATEL process is a visual
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representation (i.e., an individual map of the mind) that the
respondent uses to organize his or her own actions.

The DEMATEL method can be summarized in the
following steps:

Step 1: Generate the direct-relation matrix.

Suppose we have H experts in this study and » factors to
consider. Each stakeholder is asked to indicate the degree to
which he or she believes a factor i affects factor j. These
pairwise comparisons between any two factors are denoted by
xk,-j and are given an integer score ranging from 0, 1, 2, 3, and
4, representing ‘No influence (0),” ‘Low influence (1),
‘Medium influence (2),” ‘High influence (3),” and ‘Very high
influence (4),” respectively. The scores by each expert will

. . . k k .
give us a 77X 1 non-negative answer matrix X =[x; 1, with

k=1,2,...,H . Thus X', X*,..., X" are the answer
matrices for each of the H experts, and each element of

X* =[xl.1;. ], is an integer denoted by x;‘ The diagonal

are all set to

nxn

. yk k
elements of each answer matrix X~ =[x; ]

zero. We can then compute the 72 X 17 average matrix A4 for all
expert opinions by averaging the H experts’ scores as follows:

1 2 4
7 Hk=l 7
The average matrix A=[q,],,, is also called the initial

direct relation matrix. 4 shows the initial direct effects that a
factor exerts on and receives from other factors.

Step 2: Calculate the normalized initial direct-relation matrix.

The normalized initial direct-relation matrix D is
obtained by normalizing the average matrix A4 in the following
way:

n n
Let s = max| max . g;, max ».a; | (2)
ISiSnjzl 1<j<n =1

Then D= é (3)
S

Since the sum of each row j of matrix A represents the total
direct effects that factor i gives to the other factors,

. represents the total direct effects of the factor

with the most direct effects on others. Likewise, since the sum

of each column i of matrix A represents the total direct effects
n

received by factor i, maXZa” represents the total direct

<j<
1sjsn =

effects received of the factor that receives the most direct
effects from others. The positive scalar s takes the lesser of the

two as the upper bound, and the matrix D is obtained by
dividing each element of A4 by the scalar 5. Note that each
element d i of matrix D is between zero and 1.

Step 3: Compute the total relation matrix.
Indirect effects between factors are measured by powers of
D and a continuous decrease of the indirect effects of factors

along the powers of matrix D, e.g. D*,D°,...D",

guarantees convergent solutions to the matrix inversion similar

to an absorbing Markov chain matrix. Note that
lim D" =[0] _, and
m—>0
lim(I+D+D*+D’+..+D")=(I-D)", where 0
m—o0

is the » x » null matrix and / is the » x » identity matrix. The
total relation matrix T is an n x » matrix and is defined as
follow:

T=[t]:= YD =DI-D)" ij=1,2...n 4)
i=1l

T~D+D +..+D" =DUI+D+D*+..+D")
=D[(I+D+D*+...+ D"")(1-D)](1- D)’

=D(I -D")(I -D)"'-->D (I-D)",

as lim D* =[0]

k— nxn

D = [dy ]nxn ?
0< (Zidi/’zjdii) <1 and at least one column sum
Zj d,; or one row sum Zidij equals 1.

where 0< dij <1 and

Step 4: Producing a causal diagram

We also define r and ¢ as n x  vectors representing the
sum of rows and sum of columns of the total relation matrix T
as follows:

r :[’;]nxlz ztlj (5)
J=1

nx1

’
n
’
c=[c].,= (Zlﬁj (6)
i Ixn
. [
where superscript  denotes transpose.

Let r; be the sum of the i-th row in matrix 7. Thus r; shows
the total effects, both direct and indirect, given by factor i to
the other factors. Let ¢; denote the sum of the j-th column in
matrix T. The value ¢; shows the total effects, both direct and
indirect, received by factor j from the other factors. Thus when

J = i, the sum (7 +¢;) gives us an index representing the total
effects both given and received by factor i. In other words,
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(7, +¢,) shows the degree of importance (total sum of effects
given and received) that factor i plays in the system. In
addition, the difference (7, —¢;) shows the net effect that

factor i contributes to the system. When (7, —¢;) is positive,

factor i is a net causer, and when (7, —¢,) is negative, factor i

is a net receiver [22-23].

IV. ANALYTIC NETWORK PROCESS

The ANP is the general form of the AHP, which has been
used in MCDM to release restrictions associated with
hierarchical structures [23]. AHP can integrate qualitative
information and quantitative values [24] and can handle
MCDM problems [25]. Nevertheless, AHP has disadvantages.
It does not sufficiently consider interdependencies [26], and it
does not allow for the integrated dynamic modeling of
environments [24]. As a result, Saaty [25] introduced a super-
matrix approach in dealing with the interdependencies among
clusters. Currently, this approach is called the ANP method.
The advantages of the ANP include the abilities to incorporate
dependencies and feedback using a hierarchical decision
network, to represent and analyze interactions, and to
synthesize their mutual effects through a single logical
procedure [27]. Some essential steps are as follows:

Step 1: Model construction and problem formation

The control hierarchies are described in detail, including
their criteria for comparing the components of the system and
their sub-criteria for comparing the elements of the system. The
first step in ANP implementation is constructing the decision
structure of SBSC performance evaluation.

Step 2: Paired comparison matrix

During this step, the decision maker is asked to respond to
the relative weighting of each criterion via a paired comparison
matrix. A scale of 1-9 is used to compare the two components.
A score of 1 indicates that the two components have equal
importance, whereas a score of 9 indicates the overwhelming
dominance of the considered component (row component) over
the comparison component (column component). If the impact
of one component is weaker than that of its comparison
component, it will be scored from 1 to 1/9, with 1 indicating
indifference and 1/9 indicating the overwhelming dominance
of the column component over the row component. To make a
reverse comparison between already compared components, a
reciprocal value is automatically assigned within the matrix;

=1.

hence, in a matrix, a;a;
Step 3: Super matrix formation

The super matrix permits a resolution of the
interdependencies that exist among the components of the
system. It is a partitioned matrix where each sub-matrix is
composed of a set of relationships between and within the
levels, as represented by the decision maker’s model. The

super matrix ( M, ) presents the results of the relative
importance of each of the criteria found in each measure. In

the next step, the super matrix (M ) is made to converge to
acquire a long-term stable set of weights. For convergence to

occur, the super-matrix needs to be column stochastic, which
means that the sum of each column in the super-matrix must

be one. Raising the super matrix to the power 2k , where k
is an arbitrarily large number, achieves the convergence of the
interdependent relationship.

V. ANILLUSTRATIVE EXAMPLE

The case company is a leading provider of innovative
products for both global and domestic markets, including
imaging products, enclosures, power supplies, and light-
emitting diodes (LEDs). The case company in this study is
interested in incorporating carbon management into supplier
evaluation and selection for GSCM practice because it suffers
pressure from buyers and it has become a CDP member in
carbon management in the green supply chain. The case
company would like to implement a systematic method of
selecting appropriate suppliers based on competency of carbon
management because of world-wide trend for increasing
environmental regulations on climate change initiatives.

A.  Construing causal relationship of criteria with DEMATE

Considering the significance of carbon management on
the criteria for supplier selection in Table 3, the importance is
identified as C1 >C9>C5>C2>C10>C7>C6>C1 1 >C12>Cg

>C3>C3>Cy in terms of degree of importance (7; +¢;).

Incorporating the analysis of DEMATEL evidence, carbon
governance (C;), management systems of carbon information
(Cy), and training related to carbon management (Cs) are the
top three most important criteria with the values of 7.625,
7.412, and 7.371, respectively. Carbon risk assessment (C,)
and carbon reduction targets (C;) are the least important
criteria at 5.759 and 5.794, respectively. In contrast to the
importance of criteria, training related to carbon management
(Cs), management systems of carbon information (Cy), carbon
governance (C;), carbon accounting and inventory (Cy),
carbon emission verification (Cy,), and carbon policy (C,) are
net causer, whereas carbon reduction targets (C;), carbon risk
assessment (C4), supplier collaboration (C,y), carbon
disclosure and report (C,3), measures of carbon management
(C7), and involvement of initiatives for carbon management
(Cg) are net receivers in accordance with the value of

difference (7, —¢;).

TABLE 11
DEGREE OF INFLUENCE ON CRITERIA

Criteria r; c; rite; rieCi
Carbon governance (C;) 3.990 3.635 7.625 0.355
Carbon policy (C,) 3.606 3.597 7.203 0.009
Carbon reduction targets (Cs) 2.188 3.606 5.794 1.418
Carbon risk assessment (Cy) 2.390 3.369 5.759 0.979
Training related to carbon management (Cs) 4.297 3.074 7.371 1.223
Life cycle cost management (Cq) 3.261 3.446 6.707 0.185
Measures of carbon management (C;) 3.424 3.438 6.862 0.014
Involvement in initiatives for carbon management (Cg) 3.24 3.253 6.493 0.013
Management systems of carbon information (Cy) 4.268 3.144 7.412 1.124
Supplier collaboration (C,) 3.358 3.601 6.959 0.243
Carbon accounting and inventory (C,) 3.362 3.175 6.537 0.187
Carbon emission verification (C),) 3.295 3.216 6.511 0.079
Carbon disclosure and report (C}3) 3.167 3.291 6.458 0.124

B.  Determining relative weights of criteria with ANP

To determine the relative importance of criteria for the
objective of selecting the best supplier, the decision-maker is
asked to respond to the weights of all criteria without assuming
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the interdependence between criteria. After the pair-wise
comparison matrices are developed, a vector of priorities (i.e.,
eigen-vector or eigenvector) in each matrix is calculated and
subsequently normalized to sum to 1.0 or 100 per cent. This
study utilized a two-stage algorithm to calculate the e-vector,
which first adds the value in each column of the matrix and
then separates each entry in each column by the total of that
column; the normalized matrix is acquired through meaningful
comparison among components.

TABLE 111
'WEIGHTS OF CRITERIA
Criteria Weight  Ranking
Carbon governance (C,) 0.180 1
Carbon policy (C,) 0.125 4
Carbon reduction targets (C;) 0.003 13
Carbon risk assessment (Cy) 0.024 12
Training related to carbon management (Cs) 0.139 3
Life cycle cost management (Ce) 0.063 6
Measures of carbon management (C;) 0.060 7
Involvement in initiatives for carbon management (Csg) 0.034 11
Management systems of carbon information (Co) 0.163 2
Supplier collaboration (C,o) 0.054 8
Carbon accounting and inventory (Cy;) 0.065 5
Carbon emission verification (C,) 0.041 10
Carbon disclosure and report (C3) 0.045 9

VI. CONCLUSIONS

The GSCM-based conceptual framework and operational
model for the incorporation of carbon management into
supplier selection have been presented. After identifying the
criteria related to carbon management activities for the
proposed framework, DEMATEL was applied to an electronics
company. By using DEMATEL and ANP, the structure and
interrelationships were not only recognized, but the key criteria
influencing the supplier selection with regard to carbon
management competencies were also determined.
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