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Abstract. Industry globalization and consumer concern for environmental issues compel the industry to
make adjustments to the green industry concept including green procurement activities such as supplier
selection. One of the industries in the diesel engine exporting company, PT. Kubota Indonesia, must be able
to meet market demands related to Green Industries. one of the Green Industry Concepts that teaches
companies to broaden their perspectives on corporate environmental concerns is Green Procurement. This
concept emphasizes companies to use suppliers who also have a concern for the environment. When
conducting the supplier selection process PT. Kubota Indonesia only emphasizes on the criteria for quality,
price and timely delivery. In addition, delays in orders received at the company make this company have to
choose suppliers. The results of this study were to determine the criteria and sub-criteria weights used by
PT. Kubota Indonesia selects suppliers according to the concept of Green Procurement, ranks and selects
suppliers using Fuzzy Analytical Network Process (FANP). The most important criteria are quality criteria
and the best supplier recommended is PT. Three Pamindo T
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1 Introduction

Today consumers are always selective in purchasing
products to support environmental viability and this is
known as the Green Consumer. In the concept of green
consumers, there is research that states that 6 out of 10
consumers in America, prefer to purchase green products
rather than environmental products, and this will force
existing industries to adapt to this concept in every
business process (green industries)[1].

One part of the green industries concept that
concerns supply chain management and procurement is
the concept of green procurement [2]. Green
procurement is defined as a management process that
governs the relationships between suppliers, materials or
raw materials, as well as the natural or human
environment [3]. The concept of green procurement is
the principle of environmental protection into supplier
management systems. One of the most important parts in
the procurement process business is the selection of
suppliers. Conventional supplier selection generally uses
quality criteria, delivery time, price and service but still
not paying attention to environmental factors.

In a study conducted [4] states that the concept of
greening in suppliers through green innovation
contributes  significant benefits to environmental
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performance and corporate competitive advantage. The
concept of green procurement for PT Kubota is not a
new thing for the company, which has indeed been
committed to environmental sustainability.

The results of this study were to determine the
criteria and sub-criteria weights used by PT. Kubota
Indonesia selects suppliers according to the concept of
Green Procurement, ranks and selects suppliers using
Fuzzy Analytical Network Process (FANP).

2 Methodology

2.1 Identification of the Green Procurement-
based Supplier Selection Criteria

In the identification of these criteria is done literature
studies on criteria and sub criteria that reflect producers
or suppliers who care for the environment. As a result of
the literature study, the criteria were obtained to select
Green Supplier based on the research [5]. In addition to
supplier selection criteria, this phase also incorporates
supplier selection criteria conducted [6]. The sub criteria
used refers to the research and adjusted to the condition
of PT. Kubota Indonesia. The Supplier Selection criteria
and sub criteria shown in Table 1.
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Table 1. Supplier Selection Criteria and Sub Ceriteria.

submission of questionnaires to obtain the weight of
each criterion and sub criteria, and to obtain the

- o performance value of each supplier. Decison maker in
No | Criteria Sub Criteria . . .
this company is done by the manager of Purchasing
Control of Products Defect Depa?tment aqd his assistant with sp.emal duty to make
supplier selection, as well as production department and
Return Rate department quality control.
Quality Certificate for Quality
Quality management capability 2.4 Determination of Weight Criteria Using
Fuzzy ANP Method
Capability to handle abnormal quality y
Bid price In determining the criteria weight for supplier selection
Price . assessment using Fuzzy ANP method. ANP was chosen
Discounts because of its superiority in capturing the interaction of
Lead Time interdepensions and interdepensions between criteria and
Delivery Ontime Delivery rate sub criteria. The use of fuzzy in th1§ study s to
accommodate the vague nature of decision making to
Warranty provide judgment which can overcome the uncertainty in
Service Procedure legality qualitative criteria. The fuzzy stages of ANP are as
follows :
Communication
Historical Performance 2.4.1 Collecting Linguistic Variable Values
i7ati Resource
Organization : : At this stage the questionnaire data was collected to
Production Capacity obtain the importance of each criterion. Questionnaires
Hnol Technology level used to perform pairwise comparison between
E:Cag(i)li(t)gy R o and Devel  Covabili alternatives using linguistic variables.
P Y esearch and Development Capability In table 3. is an sample of a linguistic summary of the
Environmental related certificates first part of the questionnaire
Environmental —
Management Regulqr monitoring and regulatory Table 3. Sample Recapitulation of Linguistic Variable
compliance Questionnaire Part One First Comparison.
green packaging
Green Product Green raw material Respondent
Citeria 1 Manager | Asisten . Citeria 2
Purchase | Purchase Production |- QC
2.2 Questionnaire Design Quality Capability
management to handle
; ; ; ; ; bilit W W W ™ | abnormal
The questionnaire used in this study is a closed capabiuty i
quality

questionnaire. Questionnaires are used to obtain data on
the importance level of criteria and perceptions of
management related parties to suppliers. The
questionnaire used is a questionnaire based on Saaty's
Scale where answers are made by looking at the
importance values between the criteria. The assessment
system on the questionnaire can be seen in table 2.

2.4.2 Fuzzyfication

Questionnaires used to perform pairwise comparison
between alternatives using linguistic variables, to
perform subsequent data processing then the linguistic
variables need to be converted into fuzzy numbers. At
this stage the questionnaire data is transformed into
Fuzzy Triangular Number [7].

In table 4. is an Recapitulation Triangular Fuzzy

Table 2. Questionnaire Criteria Rating System Based on Fuzzy
Numbers Saaty's Scale.

Numerical Linguistic Scale for Triangular Fuzzy . . . .
Rating for ANP Importance Scale (1,m,u) Scale Questionnaire Part One First Comparison.
; Ex;]uaﬁly 1mp(t)rtance (i’;’g) Table 4. Sample of Recapitulation Triangular Fuzzy Scale
s Stea 1mp Orratlnce 53’5’73 Questionnaire Part One First Comparison.
rong importance ,5,
7 Very strong importance (5,7,9) Responden
9 Extremely importance (7,9,9) Alternative - Alternative|
Manager Asisten -
! Purchase Purchase Production Qc :
2.3 Distribution of Questionnaires clajplejalp |ClAIBICIAIB _
Quality Ea}[:li ab :j lllt'y
. . . . . . - 0 nandle
The distribution of this questionnaire was conducted to iﬁﬁfﬁ?” PN evnormar
the decision maker in PT. Kubota Indonesia. The - quality
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2.4.3 Calculating Average Geometric Questionnaire
Overall

After translating the linguistic variables into fuzzy
triangular numbers where each value is translated into
the fuzzy set, the next step is to combine each of the
lower bound (C), the mean (A), and the upper (B) of the
three questionnaires into each one value, lower value
(C), middle value (A), and upper value (B) for each
pairwise ratio [8].

€= Velxeloed oo X €M, (1)
A= ValzxaZ @3 X e X OM oo, 2)
B = Vblxb2xb3x..xbn....eerenn. 3)

n = number of respondents

Here is a sample calculation for the first first comparison
questionnaire :

c= Vel e2c3.04 = %5557 =5.4388
o= Vol.a2.ad ot = V3.3.3.5=3.4085
b= Vbl b2 b3.64 = V1.1.1.3 =1.3161

2.4.4 Defuzzyfication

In this study, defuzzification uses the center of gravity
(COG) method, where three values of the geometric
average geometric Fuzzy Triangular (C, A, B) numbers
will be converted to a crips value for later input into data
processing using ANP [9]. In this research will be used
method of center of gravity. This method is the most
common method and most widely proposed by many
researchers used. This mathematical formulation can be
given as follows :

Here is an example of a first questionnaire
defuzzification calculation section of the first
comparison (quality management capability compared
with capability to handle abnormal quality),

R [r—5.43879)

) 438722 40RRE=R ;xn?mmx
FLALENT  (x—1.31607) g
Co6 = T ;nnr—.r—.—l.ﬂr—.n?,x =
— CR.ADRAR [T—-5 43879

5438793 g0AGE-5438706)
rl 21687 [r—1 31607

+ ; dx
= A0E66 (3 gnARE—LI1E0T)

= 3.388

2.4.5 Preparation of Pairwise Matrices

The preparation of pairwise comparison matrices to be
transformed in the form of pairwise comparison matrices
for numerical analysis.

2.4.6 Consistency Test

At this stage, a paired comparison matrix will be tested
for consistency by looking at the CR value should be less
than 0.1. A pairwise comparison matrix will be

consistent when the inconsistency index is below 0.1.
This is important because in the absence of inconsistency
changes that affect the level of preference do not apply.
If the pairwise pair mastriks are inconsistent then it is
necessary to rearrange the comparison matrix.

Based on the calculations, all the results of the
comparison questionnaire have a consistency value
below 0.1. Fig. 1, is one example of the output of super
decision software for consistency value calculation and
recap value results for all comparison questionnaires.

s e ————r

| The inconsistency index is 0.0956. It is
desirable to have a value of less than

01

Kemampuan Manajemen — I
Kualitas
Kemarmpuan Menangani
Kualitas Abnermal

0131175 I

| Pengendalian Produk Cacat| 0.487334

(] Return Rate 0.252061 I

Sertifikat Terkait

Kualitas 0.050138

Okayl

Fig. 1. Consistency Test Comparison between Criteria in
Subcriteria of Control of Products Defect.

2.4.7 Calculation of Local Priority Weight

Having obtained a value of crips for the assessment of
each relationship of the fuzzy method, the next step is to
calculate the local priority weight. This calculation aims
to determine the weight of each interconnected element.
Each weighted local priority, the value of consistency
must be considered.

In determining the weight of each criterion for
supplier selection using super decision software. To
recapitulate the weight of each supplier selection criteria
can be seen in table 5.

2.4.8 Determination of Weight and Ranking
Supplier

Supplier selection is one of the problems that can be
done with Fuzzy ANP (Analytical Network Process).
After making supermatriks it will get the weight for each
supplier and with the weight can be established supplier
rankings. After calculating the weight of each criterion
and supplier alternative using super decision software,
the company can determine which alternatives will be
chosen based on the weighting of each alternative. The
following is a ranking for each selected supplier criteria
and alternatives, can be seen in table 6.
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Table 5. Recapitulation of Results Calculation of Local
Priority Weights Each Criteria and Each Sub Criteria.

No | Criteria Weight | Sub Criteria Weight
Control of Products Defect 047223
Feturn Rate 033026
1 Quality 0.230 Certificate for Quahity 0.04013
Quality management capability 0.0632
Capability to handle abnormal quality | g gogge
Bid price 702
2 | Price 0.185 £ L6406
Dizscounts 0.32974
Lead Time 2
3 | Delivery 0.129 032898
Ontime Delivery rate 067102
Warranty 0.73289
4 Service 0.053 | Procedure legality 0.1210%
Communication 0.14808
Historical Performance 030812
5 | Organization 0.055 | Resource 0.12701
Production Capacity 0.56487
g | Technolozy . Technology level 0.96951
Capability ’ Research and Development Capability | g g3ag4o
| Environmental Environmental related certificates 067167
! Management 0.0%¢9 Regular monitoring and regulatory
B compliance 0.32633
grzen packaging
§ | Green Product | 0.100 |— g LLLLC
(reen raw material 033587
Table 6. Ranking of Supplier Criteria
Supplier Criteria Weight Ranking
Quality 0.230 1
Price 0.185 2
Delivery 0.129 4
Service 0.055 7
Organization 0.055 8
Technology Capability 0.146 3
Environmental Management 0.099 6
Green Product 0,100 5

As for the priority of the supplier as shown in table 7.

Table 7. Weight of Supplier Performance based on Green
Procurement Criteria

Supplier Alternative Weight | Ranking
Artima Industry Indonesia 0.145 4
Asama Indonesia 0.134 5
AT Indonesia 0.204 2
Pakarti Riken Indonesia 0.193 3
Pamindo Tiga T 0.324 1

Based on data collection and processing conducted in
supplier selection research based on Green Procurement,
PT. Pamindo Tiga T becomes the recommended supplier
for the company

3 Result And Discussion

Based on the table. 6, In the selection of green
procurement-based suppliers, quality criteria become the
criteria with the highest weight in the criteria companies
choose suppliers. Permanent quality criteria can not be
ignored in the selection of a supplier although the
supplier selection criteria used this time is Green
Procurement criteria. This is because with the quality
materials supplied by the supplier will also produce a
quality product. In addition, quality will also determine
the level of customer satisfaction and production costs of
the company.

Price criteria occupies the second position on the
assessment of the company in choosing a supplier.
Although the supplier selection criteria used this time
apply Green Procurement criteria, cost can not be
ignored in the selection of a supplier. This is because the
cost criteria can affect the cost used to produce a
product. Companies will definitely consider suppliers
who are able to provide the lowest bid price

The criteria of technology capability occupy the third
position in the appraisal of a company choosing a
supplier. In the concept of green procurement, the
company is expected to be able to hold material from
suppliers who care about the environment. companies
can see this through how the technology used by
suppliers so as to meet the criteria related to the
environment.

In table 7, based on data collection and processing
conducted on the research of supplier selection based on
Green Procurement, PT. Pamindo Tiga T becomes the
recommended supplier to the company. Meanwhile, the
company currently uses Asama Indonesia supplier
selected based on traditional supplier selection method
(price, quality, and on time delivery) for the product.
Thus it can be seen that the suppliers used by the
company now have a lower environmental performance
value than the suppliers recommended in this study.

4 Conclusions and Recommendations

In the process of selecting suppliers based on Green
Procurement at PT Kubota Indonesia there are 8 criteria
and 21 sub criteria influential. The weighting result with
the highest quality criterion has the biggest weight, the
price criteria has the second biggest weight, and the
technology capability has the third biggest weight, as the
green product and the environmental management are
fifth and sixth.

This innovation strategy focuses on quality and
technical and production capabilities [10]. Quality
criteria ranked first and technology capability ranked
third, indicating that PT Kubota does lead to innovation
strategies that focus on quality and technical and
production capability.
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