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CORRESPONDENCE

Increased competition in the industrial world forces companies to increase their competitiveness
through Green Supply Chain Management (GSCM). The key to the success of GSCM is the
selection of suppliers and the allocation of the proper order by taking into account
environmental aspects. This decision involves several criteria and must also pay attention to the
relationship between criteria. This study proposes a hybrid procedure to solve Green Supplier
Selection and Order Allocation (GSSOA). The integration of Decision Making Trial and
Evaluation Laboratory (DEMATEL), Analytic Network Process (ANP), and Multi-Criteria
Goal Programming (MCGP) are proposed to solve this problem. The DEMATEL is used to
calculate the relationship between criteria. Furthermore, the ANP is proposed to determine the
weight of the criteria and supplier ranking. Finally, the MCGP method is offered for allocating
orders based on priority suppliers. A case study on the food industry in Malang, Indonesia, was
conducted to apply this procedure. The results showed that the low defects rate criterion is the
most important compared to other criteria. The best supplier was successfully selected, and the
order allocation was completed. Order allocation priority is to suppliers D, C, A, and B. This
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study also presents a sensitivity analysis for order allocation.

INTRODUCTION

In recent years, Supply Chain Management (SCM) has received
attention from the world, both from researchers and industry
players [1]. One part of SCM is supplier selection and order
allocation. Supplier selection is an important activity in a
company to gain a competitive advantage [2], [3]. A good
supplier can reduce production costs and improve quality and
customer satisfaction [4]-[6]. In addition, proper order allocation
is also an essential aspect of the company. It can reduce
purchasing costs and procurement risks [7]. Recently, the
occurrence of climate change and global warming has raised
global concerns about environmental issues. This problem
certainly has an impact on the industrial world. In the study of
Bloemhof-Ruwaard, et al. [8], supply chains are a significant
source of waste and emissions. So that business people are under
pressure from customers, regulations, government, and vendors
to care about environmental problems [9], [10]. Therefore,
companies compete to improve environmental aspects to
maintain competitiveness in the global market [11].

Currently, Green Supply Chain Management (GSCM) is an issue
that continues to receive worldwide attention. It aims to integrate
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all aspects of logistics to produce sustainable company
development by considering environmental elements [12]. Thus,
the procurement of raw materials according to GSCM becomes
the basis for supplier selection and order allocation [13]. This
problem is called Green Supplier Selection and Order Allocation
(GSSOA\). In the GSSOA, priority supplier determination and
order allocation must pay attention to environmental aspects [14].
One of the environmental aspects of this problem is fuel
consumption in the transportation activity of delivery of raw
materials. Most vehicles use non-renewable fuels as the primary
energy of transportation. It is a concern for researchers because
of the depletion of world oil reserves. Therefore, GSSOA needs
to consider fuel costs in the allocation order decision. In addition,
in GSSOA, the relationship between criteria needs to be
investigated because the criteria depend on one another.

Experts have published several studies related to GSSOA. Shaw,
et al. [15] researched the garment industry using the Analytical
Hierarchy Process and Multi-Objective Programming methods.
The Fuzzy technique for order performance by similarity to ideal
solution (TOPSIS) and Multi-Objective Linear Programming
(MOLP) methods were offered by Govindan & Sivakumar [16]
in the paper industry. Furthermore, Kannan, et al. [17] proposed
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the Fuzzy AHP, TOPSIS, and Multi-Objective Programming
(MOP) methods in automobile manufacturing company. The
fuzzy Analytic Network Process (ANP), fuzzy Decision-Making
Trial and Evaluation Laboratory (DEMATEL), and MOLP
methods were developed by Bakeshlou, et al. [18] in
manufacturing. In the same field, Lo, et al. [14] developed the
Best Worst Method (BWM), Fuzzy TOPSIS, Fuzzy MOLP.
There was also research on the food industry using the AHP,
Delphi, Fuzzy Gray Relational Analysis, LP method by
Banaeian, et al. [19]. Tirkolaee [20] offered Fuzzy ANP, Fuzzy
DEMATEL, TOPSIS, and MOP approaches to solve GSSOA
problems in the central warehouse. The AHP, TOPSIS, and MOP
methods were used by Mohammed et al. [21] with applications
in manufacturing companies. AHP, TOPSIS, and MOLP fuzzy
procedures were also offered by Hamdan and Cheaitou [22].
Other methods have also been proposed, such as the combination
of MOLP and Data Envelope Analysis (DEA) [23], integration
of fuzzy MOLP, fuzzy AHP, and fuzzy Topsis [24], and
distributionally robust goal programming model and tractable
approximation [25].

The criteria relationship needs to be investigated because it
affects the weighting of the criteria. The GSSOA criteria's cause
and effect relationships aid in developing maps that can be used
to analyze and solve complex and interconnected problems.
Impact relationship diagrams can also be used to identify critical
criteria in complex structural systems. Unfortunately, we note
that only two studies have addressed this issue, namely
Bakeshlou, et al. [18] and Tirkolaee [20]. Very limited published
research on this issue. Hence, this study aims to propose a hybrid
procedure to solve the GSSOA problem.

In this study, the environmental aspect uses the criteria of Eco-
friendly packaging. This criterion needs to be investigated in
relation to other criteria to determine the relationship with other
criteria. In addition, in the allocation order, fuel transportation
cost received less attention in the GSSOA issue. The
transportation sector contributes the most significant carbon
emissions in the world [26]-[28]. However, the goal allocation
order does not only minimize fuel transportation costs. Other
goals also need to be considered, such as supplier tardiness and
minimization of defectives. Because it has several objectives, this
problem is classified as a multi-objective problem. One of the
most popular multi-objective models is Multi-Criteria Goal
Programming (MCGP) [29].

This approach is proposed to solve problems characterized by
multiple goals that may conflict with each other. The ultimate
goal of all MCGP-based methods is to minimize unfavorable
deviations from the goal. This method takes into account the
expected value for the objective function and tries to minimize
the number of deviations. Therefore, in this research, the
proposed method is integrating DEMATEL, ANP, and MCGP.
The relationship between criteria is assessed using The
DEMATEL procedure. ANP is proposed to determine the weight
of the criteria and supplier ranking. This procedure was proposed
by oleh Saaty and Vargas [30], which can assess the weight based
on the dependency relationship. Furthermore, this study offers an
MCGP method for determining order allocation. This study
proposes six goals, and one of the goals is the minimization of
transportation fuel costs.
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METHOD

The Proposed GSSOA Procedure

This study proposes the integration procedure of DEMATEL-
ANP and MCGP to solve the GSSOA problem. The framework
of the proposed method is presented in Figure 1. Determining the
criteria is the first step in resolving the GSSOA case. These are
carried out through Focus Group Discussions (FGD). This study
proposes three main phases in the completion of the GSSOA.
The determination of the relationship criteria through
DEMATEL is Phase 1. Then, in phase 2, the weighting of criteria
and supplier ranking is calculated based on the ANP method.
Finally, the last phase is order allocation with MCGP.

In phase 1, the DEMATEL method is proposed to assess the
relationship between criteria. The steps of this method are based
on the procedure proposed by Ranjbar et al. [31]. In determining
the relationship between criteria, the FGD team assesses a scale
of 0 (does not affect) to 4 (strongly affects). The results of the
assessment questionnaire are presented in a direct matrix (B) as
in equation (1). Furthermore, it is normalized by equations (2)
and (3) to produce a normalized matrix (X) where s represents the
normalization constant, where n describes the number of criteria.
The normalization results are then used to determine the total
relation matrix (T). It can be calculated based on equation (4).
Equations (5) and (6) are applied to determine the values of Di
and R;j where Di is the total row in the matrix T, and R;j shows the
total column in the matrix T. They are used to obtain the
prominence vector (Di + R;) and vector relation (Di - R;). The final
step of the DEMATEL procedure is to determine the threshold
value and Impact Relation Map (IRM). The threshold value («)
is the value used to determine whether the criteria have a
relationship with other criteria. If the ti2 matrix value is greater
than «, then the criteria have a relationship. These results are
described in the IRM, which is used as a network in the ANP
procedure. The illustration of IRM in matrix T is presented in
Equation (7).

bi1 byj by
B=|byx bij bin )
bnl bnj bnn
1
s= max ¥, bij @
X=sXxB 3)
T=(-X""1 @)
D =[¥, tii]n %1 (5)
R =[Ziatiyl, (6)
t11 ti2 U3
T =ty ty t3 @)
t31 t3z 33

In phase 2, this research proposes the weighting and ranking of
suppliers using the ANP procedure. The proposed method is
based on the proposed procedure of Saaty [32] and Yang, et al.
[33]. In this phase, IRM results on DEMATEL are assessed using
pairwise comparisons on a scale of 1 (equal importance) to 9
(absolutely more important). The results of the pairwise
comparison assessment are presented in equation (8) which
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Figure 2. Design Parameters for Car Form Design

shows the unweighted supermatrix (4). Furthermore, the next
stage is the weighted supermatrix. The initial T matrix is
transformed into a new matrix a -cut total relation matrix (Ta).
The Ta matrix is illustrated in Equation (9) that is generated by
assigning a value of O to the matrix value < threshold value. The
determination of the weighted supermatrix (Aw) is presented in
equations (10), (11), and (12), respectively, where di is the
number of rows in Ta. The last step of the ANP procedure is the
calculation of the limit supermatrix. It is formulated in equation
(13). The result of the limit supermatrix is the weight of each
criterion and the weight of each supplier.

¢, C . Cy
Cy [A411 Q12 - Q1n
A= 8
C, [(112 QAzz . azn] ®)
C3 LGn1  Qn2 Ann
tih tf; tin
Ta =|ti tj tn 9
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The last phase is to determine the allocation order using MCGP.
The supplier weight generated from ANP is used as one of the
goals in MCGP. This study proposes six goals. Goal 1 and goal
2 maximize the total weight of supplier purchases and minimize
defective goods from suppliers. Minimizing purchase prices from
suppliers and minimizing ordering costs from suppliers becomes
goal 3 and goal 4. Goal 5 and goal 6 are to reduce transportation
fuel costs and supplier tardiness. In goal 5, transportation fuel
costs consider the distance from the supplier, fuel
consumption/km, and fuel price [34]. Moreover, tardiness time is
a supplier's delay in delivering orders to the company [35]. In
goal 1, the ANP supplier weighting results are used as a weight
coefficient to maximize the total supplier purchase weight. The
notations used in MCGP modeling on the GSSOA problem are
as follows:

Parameters index
i : index supplier,i=1,2,3,...,n

j rindex goal,j=1,2,3,...,m
Variables and parameters

Gj - Goal j

w; : Supplier i weight (based on ANP)
V; : Product price on supplier i

0; : Cost of ordering to supplier i

Utama et al. 149


https://doi.org/10.25077/josi.v20.n2.p147-155.2021

UTAMA ET AL. / JURNAL OPTIMASI SISTEM INDUSTRI - VOL. 20 NO. 2 (2021) 147-155

qi : defect rate on supplier i

K; : Capacity of supplier i

T; : Tardiness time on supplier i

Dis; : distance of supplier-i

Kpl : fuel consumption (liter/km)

D : Demand of product

cf : Fuel price (Indonesian currency, IDR.)

C; : Fixed cost of transportation

X; : order allocation on supplier i

Y, : binary number {1, if order is supplied by supplier i
0, otherwise

Z . Goal deviation

Decision Variable

+ . it ioti ;
d; : positive deviation for goal j
d; : negative deviation for goal j

The MCGP mathematical model for the GSSOA problem is
presented as follows:

Minimize Z = ¥4, d + dj (14)

Subject to:

Yrawe XY, + di — df =Gy (15)
L1 X Y+ d3 —d; =G, (16)
=1 Vi XY+ ds — df = Gs 17
1 0i X Y+ di — df =G, (18)
i |G ef) + ] v+ ds — at =6 (19)

YT Y — di + dg = G (20)
i=1Xi =D (21)

X < K.Y, (22)

Table 1. GSSOA Selection aspects and criteria

df,di,X; 20 (23)

Minimizing the deviation from the goal is formulated in equation
(14). Constraint (15) is Goal 1 which maximizes the total weight
of supplier purchases. Constraint (16) is Goal 2 to minimize
defective goods from suppliers. Goal 3 aims to reduce the
purchase price from suppliers (constraint (17)). Constraint (18) is
a goal 4 to minimize the ordering cost to suppliers. Constraint
(19) indicates a goal 5 that minimize transportation cost.
Constraint (20) represent Goal 6 that minimize the delay of
supplier delivery. Constraint (21) shows the demand constraint.
Constraint (22) is a supplier capacity limitation. Constraint (23)
shows that the goal deviation (positive and negative) and order
allocation to each supplier cannot be negative.

Case Study

The case study was conducted on the food industry in Malang,
Indonesia. This company produces fermented soybean and
fermented soybean chips with soybean as the primary raw
material that is supplied from 4 suppliers. A Focus Group
Discussion (FGD) was conducted by two experts involving
supply chain and production managers and researchers. The team
conducted two FGDs to determine the selection aspects and
criteria of the GSSOA. The first FGD was used to determine
selection aspects. The criteria used were selected in the second
FGD. The selection aspects and criteria are compiled based on
cases in companies that are supported by previous research.
Furthermore, the team conducts deep discussions and analyzes
the aspect and criteria to be used. The results of the FGD
produced six selection aspects and 14 GSSOA criteria which are
presented in Table 1. The company has four alternative suppliers
(A, B, C, D) and a soybean demand of 150 kg in one production.
Data on product prices, ordering costs, transport costs, defect
rates, and delay times are presented in Table 2. The fuel

No Selection Aspect Criteria Criteria ID
1 Quality [36] Consistent product quality [37] C1
Products according to specifications [36] Cc2
Low defect rate [18] C3
2 Cost [15] Ordering cost [16] C4
Product price [38] C5
3 Delivery [16] Product delivery time [39] C6
Quantity Accuracy [37] c7
Location of suppliers [40] C8
The completeness of the document C9
4 Service [18] Replacement of defective products [18] C10
5 Flexibility [41] Order quantity flexibility Cl11
Complaint procedure C12
Flexibility in changing delivery times C13
6 Environmental [42] Eco-friendly packaging [42] C14
Table 2. Suppliers data
Supplier w; qi(%0) V; (Rp/kg) 0; (Rp) C; (Rp) Dis; (km) Ti (hour) C; (kg)
A 0.2181 0.04 9,200 95,000 10,000 3.6 5 45
B 0.21766 0.03 9,500 102,500 10,000 0.47 4 50
C 0.26589 0.03 9,450 105,000 10,000 1 5 30
D 0.29835 0.02 9,350 92,500 10,000 4.2 2 50
GOAL 38.1502 42 1,402,500 395,000 49,455 - 16 -
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Table 3. Assessment of the relationship between each criterion

Criteria C1 C2 C3 C4 C5 C6 C7 Cc8 C9 Ci0 Ci1 C12 Ci3 Ci4
C1 0 1 1 0 2 0 0 0 0 0 1 0 1 0
Cc2 3 0 4 0 2 2 2 0 2 3 1 1 1 0
C3 4 3 0 0 2 0 3 0 1 3 2 0 1 0
C4 1 4 0 0 0 0 0 4 2 3 1 0 3 3
C5 1 4 0 1 0 0 0 1 2 3 0 0 3 4
C6 1 1 4 2 0 0 0 4 1 3 1 1 4 0
c7 2 1 0 1 0 1 0 1 1 3 3 1 4 0
C8 0 0 1 4 0 3 0 0 0 0 0 0 2 0
C9 1 1 1 1 1 1 1 1 0 1 1 2 1 0
C10 1 4 4 1 0 0 1 0 1 0 1 2 0 0
Cl1 0 0 0 0 0 0 2 0 1 0 0 0 1 0
C12 2 3 3 0 0 0 2 0 2 4 1 0 0 0
C13 0 0 0 0 0 3 1 3 2 1 0 0 0 0
Cl4 0 0 1 2 2 0 0 0 0 0 0 0 0 0

consumption (Kpl) in this case study is 10 km/liter, and the fuel
price (f) is IDR 10,200. The results of the FGD assessment of the
relationship between each criterion are presented in Table 3.

The results of the criteria relationship network based on
DEMATEL are presented in Figure 2. Figure 3 shows the ANP
network that was developed based on the criteria relationship.
Three main clusters was proposed in the ANP network. Cluster 1
showed the comparison between the criteria and the best supplier.
Cluster 2 showed the comparison of each criterion against other
criteria based on IRM DEMATEL. Finally, cluster 3 was a
pairwise comparison of criteria against each alternative supplier.
The ANP method data processing was run with super decision
software. In addition, order allocation optimization is completed
with LINGO 11 software.

This study also presented a sensitivity analysis. It was used to
determine changes in parameters that can affect the results. In this
study, changes in demand were made to see the effect on the
allocation of supplier orders. Demand was changed in D = 120,
D =140, D =160, and D = 170. Changes in demand affect the Gj
value of each existing goal.

RESULT AND DISCUSSION

Relationship Criteria based on DEMATEL

IRM results between criteria based on DEMATEL are presented
in Table 4. The DEMATEL threshold value is 0.143. The IRM

Figure 2. Design Parameters for Car Form Design
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results show that the product criteria according to specifications
(C2) are the criteria that have the most relationships. The criteria
with the most correlation were low defect rate (C3) and product
delivery timeliness (C6). It shows that the quality aspect is a
critical aspect in GSSOA.

In contrast to previous research of Utama, et al. [43], their
findings showed that the capability criterion is the criterion that
has the most correlation. The results of this study follow the
findings of research conducted by Li, et al. [44]. Their findings
showed that the quality criterion is a criterion that has many
influences on other criteria. It is reasonable because food
products require good quality raw materials.

Consistent product quality criteria (C1) are categorized as
dispatchers. It is because it shows that other criteria do not
influence this criterion. On the other hand, the complaint
procedure criterion (C12) is categorized as a receiver because it
receives the most influence from different criteria. Criterion C12
is influenced by low defect rate (C3), consistent product quality
(C1), the product according to specifications (C2), completeness
of documents (C9), and accuracy of quantity (C7).

Criteria Weighting

The results of the weighting with ANP are presented in Table 5.
The criterion that has the highest weight is the low defect rate
(C3) of 18.26%. The second criterion is consistent product

Criteria
e C1
e C2
e C3 i
Goal e C4 Alternative
e C5
. C6 e Supplier A
) . C7 e SupplierB
Best Supplier Rank . cs D Supplier C
e CO e Supplier D
e CI10
L]
L]
L]
L]

\/

Figure 3. Network ANP on GSSOA problem
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Table 4. IRM results between criteria based on DEMATEL

Criteria C1 C2 C3 C4 C5 Cc6 C7 Cs8 C9 Ci0 Cl11 Cl12 C13 cC14
C1 0,00 000 000 000 o000 o000 000 000 000 000 000 000 000 0,00
C2 031 022 037 000 019 018 023 000 023 03 018 000 0,23 0,00
C3 0,32 030 016 000 0,17 o000 024 000 016 031 020 0,00 0,20 0,00
C4 0,18 034 019 000 000 o000 000 028 021 030 000 0,00 0,28 0,17
C5 0,18 034 018 000 000 o000 000 000 021 030 000 000 0,26 0,22
C6 021 026 036 020 o000 o000 000 031 019 034 016 000 035 0,00
C7 020 019 015 000 o000 o000 000 015 016 028 022 000 0,30 0,00
C8 0,00 000 015 0,24 000 020 000 000 000 000 000 000 0,21 0,00
C9 0,15 018 017 000 0,00 o000 000 000 000 019 000 0,00 0,16 0,00
C10 021 03 034 000 o000 o000 017 000 016 019 016 015 0,00 0,00
C11 0,00 000 000 000 o000 o000 000 000 000 000 000 000 000 0,00
C12 025 032 031 000 000 o000 022 000 020 03 016 000 0,00 0,00
C13 0,00 000 000 000 o000 020 000 022 015 0415 000 0,00 0,00 0,00
Cl4 0,00 000 000 000 o000 o000 000 000 000 000 000 000 000 0,00
Table 5 Results of weighting criteria This study indicates that food products are highly dependent on
Criteria Weight the raw _materials' quality. When the raw materials' quali_ty is not
Low defect rate (C3) 018263 approprlate, it .can. resuI'F in .the expected produ.ct quality. Thg
Consistent product quality (C1) 012231 th!rd hlghest third is the tlmellness of product.dell\{er)( (C6). This
Product delivery time (C6) 0.09211 f:rlterlon produces_a weight _of 9.21%. This criterion is also
Quantity Accuracy (C7) 0.07693 |mp0rtant because if the suppller.does not send rgw materla.ls on
The completeness of document (C9) 0.06979 time, the compaqy's production pro?ess will experlence
Location of suppliers (C8) 0.06937 obstacles. It has an impact on the production and marketing, and
Products according to specifications (C2) 0.06644 sales aspects of the company.

Flexibility in changing delivery times (C13) 0.06512 The criterion that has the lowest weight is environmentally
Ordering cost (C4) 0.06259 friendly packaging (C14). This criterion has at least a relationship
Order quantity flexibility (C11) 0.05275 with other criteria. In addition, environmentally friendly
Product price (C5) 0.05206 packaging is not a crucial issue for food companies. Food
Replacement of defective products (C10) 0.04645 companies tend to prioritize the quality of product taste.
Complaint procedure (C12) 0.02713 Therefore, this criterion does not have a significant impact on
Eco-friendly packaging (C14) 0.01433 product results. However, this criterion must be considered in

quality (C1) of 12.23%. Both of these criteria are classified on
the aspect of quality. This result is different from previous
research conducted by Shen, et al. [45], who also used the
DEMATEL-ANP method. Their research results show that the
most crucial criterion is material cost. However, the application
is at a different company. In this study, the material cost aspect
becomes the most critical aspect because the company focuses on
minimizing the company's operational costs. By reducing
material costs, the company can minimize operating costs so that
the company's profits increase.

Table 6 Ranking of suppliers and order allocation

Supplier Weight  Ranking Order allocation (kg)
Supplier D 0.29835 1 50
Supplier C 0.26589 2 30
Supplier A 0.2181 3 45
Supplier B 0.21766 4 25

supplier selection even though its contribution is less significant.
Suppliers who have environmentally friendly packaging also
contribute to fighting environmental problems.

Supplier Ranking

The results of supplier ranking are presented in table 5. The
results show that supplier D is the supplier with the highest
weight of 0.29835. The supplier with the second-highest weight
is supplier C of 0.26589. supplier A occupies the third position
with a weight of 0.21810. Finally, supplier B produces a weight
0f 0.21766. This result is reasonable because supplier D has a low
defect rate and low prices compared to other suppliers.

Order Allocation based on MCGP

The results of order allocation based on MCGP are presented in
Table 6. The results show that the most significant order
allocation is for supplier D with 50 kg. Furthermore, orders from
supplier A are 45 kg, supplier C is 30 kg, and supplier B is 25 kg.
The deviation results from the MCGP optimization can be seen
in Table 7. This result shows that one goal is not achieved. The

Table 7. Deviation value based on MCGP

Goal 1 Goal 2 Goal 3 Goal 4 Goal 5 Goal 6
Target 38.1502 4.2 Rp 1,402,500 Rp 395,000 Rp 49,455 16
Actual 38.1502 4.25 Rp 1,402,500 Rp 395,000 Rp 49,455 16
di d; d; d; d} d; d; dy di dg d} dg
- - 0.25 - - - - - - -
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Table 8. Sensitivity analysis on changes in demand

Demand = 120 kg Demand = 140 kg

Demand = 150 kg Demand = 160 kg

d; df Goal Value dj df Goal Value dj df Goal Value  d; d}f Goal Value
Goal 1 - - 27,5859 1,497 - 34,5267 - - 40,3268 - - 42,5034
Goal 2 4563 0,95 4,05 - 0,35 4,15 - 0,15 4,75 - 0,05 5,05
Goal 3 - 7250 1.125.000 - 15000 1.309.000 - - 1.497.500 - - 1.592.500
Goal 4 - 12500 302.500 - - 290.000 - - 395.000 - - 395.000
Goal 5 - - 35.171 - - 38.435 - - 49.455 - - 49.455
Goal 6 - 3 14 - - 11 - - 16 - - 16

Table 9. Allocation of orders on changes in demand

Supplier i Demand = 120 kg Demand = 140 kg Demand = 160 kg Demand = 170 kg
Xi Yi Xi Yi Xi Yi Xi Yi

A 45 1 45 1 45 1 45 1

B 45 1 45 1 35 1 45 1

C 30 1 - 0 30 1 30 1

D - 0 50 1 50 1 50 1

second goal is to minimize the number of defects that are not met.
This goal produces a deviation value of dj above the target of
0.25. Based on optimization with linear programming partially,
this optimization for G2 produces an optimal value of 4.2.
However, optimization based on MCGP results in an actual goal
value of 4.45. It shows that there is a deviation above the target
of 0.25. In addition, the other goals meet the optimal goals. If
linear programming optimization on goal 2 is carried out
partially, the order allocation decision is 50 for supplier D, 30 for
supplier C, 50 for supplier B, and 20 for supplier A. MCGP
optimization with 6 goals results in an order allocation decision
of 50 on supplier D, 30 on supplier C, 45 on supplier A, and 25
on supplier B. It can be seen that there is a difference in the
allocation of order between partial optimization and MCGP for
suppliers A and B. It causes a positive deviation in G2. It means
that goal 2 is not in line with the target. The results of this study
indicate that MCGP can perform optimization by minimizing
deviations from contradictory goals.

Sensitivity Analysis

The sensitivity analysis to changes in demand is presented in
Table 8, and the resulted order allocation for each supplier are
presented in Table 9. These results indicate significant changes
in minimizing purchasing costs. The purchase price increases as
demand increases. Like a purchasing cost, the defect rate and the
purchase's weight also increase when demand increases. It shows
that changes in demand significantly impact the goal of
purchasing cost, the defect rate, and the purchase's weight. This
result is reasonable because the increase in demand goal
purchasing cost, defect rate, and purchase weight also increase.
In the order cost minimization goal, there are cost fluctuations in
several demands. It is due to the order allocation for each supplier
that changes with each demand. Small demand encourages
companies to choose the supplier with the lowest order cost.

In the goal of minimizing transportation fuel costs, the sensitivity
analysis results show that an increase in demand from 120, 140,
and 150 kg increases transportation fuel costs. However, for
demand 150, 160, and 170, transportation fuel costs are fixed.
Furthermore, it shows that at demand > 150, all suppliers are
allocated to fulfill demand. Therefore, the cost of transportation
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fuel at demand > 150 is fixed. However, on demand < 150, order
allocation is made to 2-3 suppliers. Therefore, the cost of
transportation fuel decreases.

In the tardiness time goal demand of 150 kg, 160 kg, and 170 kg,
the total time is the same, which is 16 hours. As only in
transportation fuel, when demand >150, all suppliers are
allocated to meet demand. Therefore, the delay from goal 6 is
the same. While the 120 kg demand has a total time of 14 hours
and 140 kg demand has a total time of 11 hours. It is due to the
different order allocations in each demand, causing a supplier to
be selected.

The deviation analysis in Table 7 shows that goal 5 (fuel
transportation costs) is a goal that has neither positive nor
negative deviation. Therefore, it indicates that the fuel
transportation cost goal is a priority goal to be resolved in the
GSSOA.

CONCLUSIONS

This study proposes integrating DEMATEL-ANP and MCGP to
solve the GSSOA problem. Thirteen criteria are considered in the
proposed GSSOA model. Based on the DEMATEL procedure,
the criterion of product according to the specification (C2) have
the highest level of influence compared to other criteria. Based
on the ANP method, the most important criterion is the low defect
rate (C3). Furthermore, we demostrate that the proposed MCGP
model can minimize the six goals' deviation by solving an
industrial case from the food industry. While this study proposes
to use crisp data, more in-depth investigation considering the
fuzzy and/or stochastic nature in the model formulation can be a
promising research agenda to enhance its applicability.

REFERENCES

[1] M. lbrahim, M. Putri, and D. M. Utama, "A literature
review on reducing carbon emission from supply chain
system: drivers, barriers, performance indicators, and
practices,” in 10OP Conference Series: Materials Science
and Engineering, 2020, p. 012034. doi: 10.1088/1757-
899X/722/1/012034.

Utama et al. 153


https://doi.org/10.25077/josi.v20.n2.p147-155.2021
https://doi.org/10.1088/1757-899X/722/1/012034
https://doi.org/10.1088/1757-899X/722/1/012034

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

UTAMA ET AL. / JURNAL OPTIMASI SISTEM INDUSTRI - VOL. 20 NO. 2 (2021) 147-155

D. M. Utama, T. Baroto, M. F. Ibrahim, and D. S. Widodo,
"Evaluation of Supplier Performance in Plastic
Manufacturing Industry: A Case Study," Journal of
Physics: Conference Series, vol. 1845, p. 012016,
2021/03/01 2021. doi: 10.1088/1742-6596/1845/1/012016.
A. K. Bera, D. K. Jana, D. Banerjee, and T. Nandy,
"Multiple-criteria fuzzy group decision-making with multi-
choice goal programming for supplier selection: A case
study," Discrete  Mathematics, Algorithms and
Applications, vol. 11, p. 1950029, 2019. doi:
10.1142/S1793830919500290.

Y. Mohammadshahi, "A state-of-art survey on TQM
applications using MCDM techniques,” Decision Science
Letters, wvol. 2, pp. 125-134, 2013. doi:
10.5267/j.dsl.2013.03.004.

T. Baroto and D. M. Utama, "Integrasi AHP dan SAW
untuk Penyelesaian Green Supplier Selection," in Prosiding
SENTRA (Seminar Teknologi dan Rekayasa), 2021, pp.
38-44.

D. M. Utama, "Penyelesaian Green Supplier Selection
Menggunakan Integrasi AHP dan VIKOR," Prosiding
SENTRA (Seminar Teknologi dan Rekayasa), pp. 31-37,
2021.

F. Faez, S. Ghodsypour, and C. O’Brien, "Vendor selection
and order allocation using an integrated fuzzy case-based
reasoning and mathematical programming model,”
International Journal of production economics, vol. 121,
pp. 395-408, 2009. doi: 10.1016/j.ijpe.2006.11.022.

J. M. Bloemhof-Ruwaard, P. Van Beek, L. Hordijk, and L.
N. Van Wassenhove, "Interactions between operational
research and environmental management,” European
journal of operational research, vol. 85, pp. 229-243, 1995.
doi: 10.1016/0377-2217(94)00294-M.

D. M. Utama, "AHP and TOPSIS Integration for Green
Supplier Selection: A Case Study in Indonesia," Journal of
Physics: Conference Series, vol. 1845, p. 012015,
2021/03/01 2021. doi: 10.1088/1742-6596/1845/1/012015.
D. M. Utama, M. S. Asrofi, and I. Amallynda, "Integration
of AHP-MOORA Algorithm in Green Supplier Selection
in the Indonesian Textile Industry,” Journal of Physics:
Conference Series, vol. 1933, p. 012058, 2021/06/01 2021.
doi: 10.1088/1742-6596/1933/1/012058.

Y.-S. Chen and C.-H. Chang, "The determinants of green
product development performance: Green dynamic
capabilities, green transformational leadership, and green
creativity," Journal of business ethics, vol. 116, pp. 107-
119, 2013. doi: 10.1007/s10551-012-1452-x.

S. Sarkar, V. Lakha, I. Ansari, and J. Maiti, "Supplier
selection in uncertain environment: a fuzzy MCDM
approach,” in Proceedings of the First International
Conference on Intelligent Computing and Communication,
2017, pp. 257-266. doi: 10.1007/978-981-10-2035-3_27.
L.Y.Lu, C.Wu, and T.-C. Kuo, "Environmental principles
applicable to green supplier evaluation by using multi-
objective decision analysis," International journal of
production research, vol. 45, pp. 4317-4331, 2007. doi:
10.1080/00207540701472694.

H.-W. Lo, J. J. Liou, H.-S. Wang, and Y.-S. Tsai, "An
integrated model for solving problems in green supplier
selection and order allocation,” Journal of cleaner
production, vol. 190, pp. 339-352, 2018. doi:
10.1016/j.jclepro.2018.04.105.

154 Utamaetal.

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

K. Shaw, R. Shankar, S. S. Yadav, and L. S. Thakur,
"Supplier selection using fuzzy AHP and fuzzy multi-
objective linear programming for developing low carbon
supply chain," Expert systems with applications, vol. 39,
pp. 8182-8192, 2012. doi: 10.1016/j.eswa.2012.01.149.

K. Govindan and R. Sivakumar, "Green supplier selection
and order allocation in a low-carbon paper industry:
integrated multi-criteria heterogeneous decision-making
and multi-objective linear programming approaches,"”
Annals of Operations Research, vol. 238, pp. 243-276,
2016. doi: 10.1007/s10479-015-2004-4.

D. Kannan, R. Khodaverdi, L. Olfat, A. Jafarian, and A.
Diabat, "Integrated fuzzy multi criteria decision making
method and multi-objective programming approach for
supplier selection and order allocation in a green supply
chain," Journal of Cleaner production, vol. 47, pp. 355-367,
2013. doi: 10.1016/j.jclepro.2013.02.010.

E. A. Bakeshlou, A. A. Khamseh, M. A. G. Asl, J. Sadeghi,
and M. Abbaszadeh, "Evaluating a green supplier selection
problem using a hybrid MODM algorithm," Journal of
Intelligent Manufacturing, vol. 28, pp. 913-927, 2017. doi:
10.1007/s10845-014-1028-y.

N. Banaeian, H. Mobli, I. E. Nielsen, and M. Omid,
"Criteria definition and approaches in green supplier
selection—a case study for raw material and packaging of
food industry," Production & Manufacturing Research, vol.
3, pp. 149-168, 2015. doi:
10.1080/21693277.2015.1016632.

E. B. Tirkolaee, A. Mardani, Z. Dashtian, M. Soltani, and
G.-W. Weber, "A novel hybrid method using fuzzy
decision making and multi-objective programming for
sustainable-reliable supplier selection in two-echelon
supply chain design,” Journal of Cleaner Production, vol.
250, p. 119517, 2020. doi: 10.1016/j.jclepro.2019.119517.
A. Mohammed, I. Harris, A. Soroka, M. Naim, T. Ramjaun,
and M. Yazdani, "Gresilient supplier assessment and order
allocation planning," Annals of Operations Research, vol.
296, pp. 335-362, 2021. doi:10.1007/s10479-020-03611-x.
S. Hamdan and A. Cheaitou, "Supplier selection and order
allocation with green criteriaz An MCDM and multi-
objective  optimization approach,” Computers &
Operations Research, vol. 81, pp. 282-304, 2017. doi:
10.1016/j.cor.2016.11.005.

H. Moheb-Alizadeh and R. Handfield, "Sustainable
supplier selection and order allocation: A novel multi-
objective programming model with a hybrid solution
approach,” Computers & Industrial Engineering, vol. 129,
pp. 192-209, 2019/03/01/ 2019. doi:
10.1016/j.cie.2019.01.011.

A. Mohammed, I. Harris, and K. Govindan, "A hybrid
MCDM-FMOO approach for sustainable supplier selection
and order allocation," International Journal of Production
Economics, vol. 217, pp. 171-184, 2019/11/01/ 2019. doi:
10.1016/j.ijpe.2019.02.003.

R. Jia, Y. Liu, and X. Bai, "Sustainable supplier selection
and order allocation: Distributionally robust goal
programming model and tractable approximation,"
Computers & Industrial Engineering, p. 106267, 2020. doi:
10.1016/j.cie.2020.106267.

D. M. Utama, D. S. Widodo, M. F. lbrahim, and S. K.
Dewi, "A New Hybrid Butterfly Optimization Algorithm

DOI: 10.25077/josi.v20.n2.p147-155.2021


https://doi.org/10.25077/josi.v20.n2.p147-155.2021
https://doi.org/10.1088/1742-6596/1845/1/012016
https://doi.org/10.1142/S1793830919500290
https://doi.org/10.5267/j.dsl.2013.03.004
https://doi.org/10.1016/j.ijpe.2006.11.022
https://doi.org/10.1016/0377-2217(94)00294-M
https://doi.org/10.1088/1742-6596/1845/1/012015
https://doi.org/10.1088/1742-6596/1933/1/012058
https://doi.org/10.1007/s10551-012-1452-x
https://doi.org/10.1007/978-981-10-2035-3_27
https://doi.org/10.1080/00207540701472694
https://doi.org/10.1016/j.jclepro.2018.04.105
https://doi.org/10.1016/j.eswa.2012.01.149
https://doi.org/10.1007/s10479-015-2004-4
https://doi.org/10.1016/j.jclepro.2013.02.010
https://doi.org/10.1007/s10845-014-1028-y
https://doi.org/10.1080/21693277.2015.1016632
https://doi.org/10.1016/j.jclepro.2019.119517
https://doi.org/10.1007/s10479-020-03611-x
https://doi.org/10.1016/j.cor.2016.11.005
https://doi.org/10.1016/j.cie.2019.01.011
https://doi.org/10.1016/j.ijpe.2019.02.003
https://doi.org/10.1016/j.cie.2020.106267

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

UTAMA ET AL. / JOURNAL ON OPTIMIZATIONS OF SYSTEMS AT INDUSTRIES - VOL. 20 NO. 2 (2021) 147-155

for Green Vehicle Routing Problem," Journal of Advanced
Transportation, vol. 2020, p. 8834502, 2020/12/22 2020.
doi: 10.1155/2020/8834502.

S. K. Dewi and D. M. Utama, "A New Hybrid Whale
Optimization Algorithm for Green Vehicle Routing
Problem," Systems Science & Control Engineering, vol. 9,
pp. 61-72, 2021/01/01 2021. doi:
10.1080/21642583.2020.1863276.

D. M. Utama, D. S. Widodo, M. F. Ibrahim, K. Hidayat,
and S. K. Dewi, "The Sustainable Economic Order
Quantity Model: A Model Consider Transportation,
Warehouse, Emission Carbon Costs, and Capacity Limits,"
Journal of Physics: Conference Series, vol. 1569, p.
022095, 2020/07  2020. doi: 10.1088/1742-
6596/1569/2/022095.

A. Charnes and W. W. Cooper, "Goal programming and
multiple objective optimizations: Part 1," European Journal
of Operational Research, vol. 1, pp. 39-54, 1977/01/01/
1977. doi: 10.1016/S0377-2217(77)81007-2.

T. L. Saaty and L. G. Vargas, Decision making with the
analytic network process vol. 282: Springer, 2006.

M. S. Ranjbar, M. A. Shirazi, and M. L. Blooki,
"Interaction among intra-organizational factors effective in
successful strategy execution: An analytical view," Journal
of Strategy and Management, vol. 7, pp. 124-154, 2014.
doi: 10.1108/JSMA-05-2013-0032.

T. L. Saaty, "Decision making—the analytic hierarchy and
network processes (AHP/ANP)," Journal of systems
science and systems engineering, vol. 13, pp. 1-35, 2004.
doi: 10.1007/s11518-006-0151-5.

Y.-P. O. Yang, H.-M. Shieh, J.-D. Leu, and G.-H. Tzeng,
"A novel hybrid MCDM model combined with DEMATEL
and ANP with applications,”" International journal of
operations research, vol. 5, pp. 160-168, 2008.

D. M. Utama, T. A. Fitria, and A. K. Garside, "Atrtificial
Bee Colony Algorithm for Solving Green Vehicle Routing
Problems with Time Windows," Journal of Physics:
Conference Series, vol. 1933, p. 012043, 2021/06/01 2021.
doi: 10.1088/1742-6596/1933/1/012043.

B. D. Rouyendegh and T. E. Saputro, "Supplier Selection
Using Integrated Fuzzy TOPSIS and MCGP: A Case
Study,” Procedia - Social and Behavioral Sciences, vol.
116, pp. 3957-3970, 2014/02/21/ 2014. doi:
10.1016/j.sbspro.2014.01.874.

K. Shaw, R. Shankar, S. S. Yadav, and L. S. Thakur,
"Global supplier selection considering sustainability and
carbon footprint issue: AHP multi-objective fuzzy linear

DOI: 10.25077/josi.v20.n2.p147-155.2021

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

programming approach,” International Journal of
Operational Research, vol. 17, pp. 215-247, 2013. doi:
10.1504/1J0R.2013.053624.

L. Merry, M. Ginting, and B. Marpaung, "Pemilihan
supplier buah dengan pendekatan metode Analytical
Hierarchy Process (AHP) dan TOPSIS: Studi kasus pada
perusahaan retail," Jurnal Teknik Dan IImu Komputer, vol.
3, pp. 48-58, 2014.

S. Hamdan and A. Cheaitou, "Green supplier selection and
order allocation using an integrated fuzzy TOPSIS, AHP
and IP approach," in 2015 International Conference on
Industrial Engineering and Operations Management
(IEOM), 2015, pp. 1-10. doi:
10.1109/IEOM.2015.7093826.

F. Cebi and I. Otay, "A two-stage fuzzy approach for
supplier evaluation and order allocation problem with
quantity discounts and lead time," Information Sciences,
vol. 339, pp. 143-157, 2016. doi:
10.1016/j.ins.2015.12.032.

B. D. Rouyendegh and T. E. Saputro, "Supplier selection
using integrated fuzzy TOPSIS and MCGP: a case study,"”
Procedia-Social and Behavioral Sciences, vol. 116, pp.
3957-3970, 2014. doi: 10.1016/j.sbspro.2014.01.874.
S.-Y. You, L.-J. Zhang, X.-G. Xu, and H.-C. Liu, "A new
integrated multi-criteria decision making and multi-
objective programming model for sustainable supplier
selection and order allocation,” Symmetry, vol. 12, p. 302,
2020. doi: 10.3390/sym12020302.

S. Kumar, Q. S. Hong, and L. N. Haggerty, "A global
supplier selection process for food packaging," Journal of
Manufacturing Technology Management, vol. 22, pp. 241-
260., 2011. doi: 10.1108/17410381111102243.

D. M. Utama, B. Maharani, and I. Amallynda, "Integration
Dematel and ANP for The Supplier Selection in The
Textile Industry: A Case Study," Jurnal llmiah Teknik
Industri, wvol. 20, pp. 119-130, 2021. doi:
10.23917/jiti.v20i1.13806.

Y. Li, A. Diabat, and C.-C. Lu, "Leagile supplier selection
in Chinese textile industries: a DEMATEL approach,”
Annals of Operations Research, vol. 287, pp. 303-322,
2020. doi: 10.1007/s10479-019-03453-2.

J.-L. Shen, Y.-M. Liu, and Y.-L. Tzeng, "The cluster-
weighted DEMATEL with ANP method for supplier
selection in food industry,” Journal of Advanced
Computational Intelligence and Intelligent Informatics,
vol. 16, pp. 567-575, 2012. doi:
10.20965/jaciii.2012.p0567.

Utama et al. 155


https://doi.org/10.25077/josi.v20.n2.p147-155.2021
https://doi.org/10.1155/2020/8834502
https://doi.org/10.1080/21642583.2020.1863276
https://doi.org/10.1088/1742-6596/1569/2/022095
https://doi.org/10.1088/1742-6596/1569/2/022095
https://doi.org/10.1016/S0377-2217(77)81007-2
https://doi.org/10.1108/JSMA-05-2013-0032
https://doi.org/10.1007/s11518-006-0151-5
https://doi.org/10.1088/1742-6596/1933/1/012043
https://doi.org/10.1016/j.sbspro.2014.01.874
https://doi.org/10.1504/IJOR.2013.053624
https://doi.org/10.1109/IEOM.2015.7093826
https://doi.org/10.1016/j.ins.2015.12.032
https://doi.org/10.1016/j.sbspro.2014.01.874
https://doi.org/10.3390/sym12020302
https://doi.org/10.1108/17410381111102243
https://doi.org/10.23917/jiti.v20i1.13806
https://doi.org/10.1007/s10479-019-03453-2
https://doi.org/10.20965/jaciii.2012.p0567
https://doi.org/10.1155/2020/8834502
https://doi.org/10.1080/21642583.2020.1863276
https://doi.org/10.1088/1742-6596/1569/2/022095
https://doi.org/10.1016/S0377-2217(77)81007-2
https://doi.org/10.1016/S0377-2217(77)81007-2

