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This paper tries to model agile supply chain management performance indicators in the palm
oil industry. The interpretative Structural Modeling (ISM) method is used to find the
relationship between these indicators. The ISM stages begin with identifying indicators,
compiling contextual relationships, compiling reachability matrices, compiling level partitions,
compiling digraphs, and compiling ISM models. Then MICMAC analysis is used to group each
of these indicators into four categories based on their driving power and dependence power. In
this study, 16 hands of agile supply chain management in the palm oil industry were obtained,
of which the four-level ISM model could be constructed. Two indicators are at level 4, six
hands are at level 3, three indicators are at level 2, and five indicators are at level 1. Meanwhile,
through MICMAC analysis, five indicators are found in the independent indicators category,
six hands are in the linkage indicator category, four indicators are included in the dependent
indicator category, and one indicator is in the autonomous indicator category. This research can
be used by managers in the palm oil industry who want to increase agility in their supply chain.
In general, indicators at level 4 can affect indicators at level 3, and so on. So that management
can start fixing the indicators at level 4 first. In addition, indicators that have a driving power
value in MICMAC analysis can be prioritized to improve their performance.

INTRODUCTION

The palm oil industry is an important commodity industry for
Indonesia. CPO production in 2021 will reach 46.88 million tons,
0.31 percent lower than 2020 production reached 47,034 million
tons. Then the export value of palm oil in 2021 reached 34.2
million tons, which includes Crude Palm Qil (CPO), Palm Kernel
Oil (PKO), and oleochemicals. This export value rose 0.6 percent
from 2020 that reached 34.0 million tons. Meanwhile, domestic
palm oil consumption in 2021 reached 18.422 million tons, up six
percent from 2020 which reached 17,349 million tons. The
increase in local consumption is around 6 percent for food, 25
percent for oleochemicals, and 2 percent for biodiesel [1].

The palm oil industry and its derivatives face the challenges of
price and demand fluctuations. For example, cooking oil which
is the main food product made from CPO has increased
significantly since the end of 2021, when bulk cooking oil in
December 2021 touched the price of Rp18,400/kg for consumers,
then increased again in January 2022 to reach Rp18,550/kg [2].
One of the causes of the increase in cooking oil prices is the rising
CPO price, which in January 2022 reached Rp13,244/kg, an
increase of 77 percent from January 2021 prices [3]. The increase
in cooking oil prices has caused the government to have a
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moratorium on the export of CPO and its derivatives since 28
April 2022, which was finally revoked on 21 May 2022 [4]. The
fluctuations in demand and prices, coupled with changing
government policies, have forced the palm oil industry and its
entire supply chain to be agile.

Agility is defined as an effective response to a changing,
unpredictable environment [5]. Agile supply chain management
itself is a practice of integrating agility in managing the supply
chain, the main thing is to apply the strategy of "quick response”
and "time compression” in the delivery of products and services
to consumers at reasonable prices, meaning that the entire supply
chain must also have the capacity to apply the right technology
and strategic management to support the company's goals [6].
Implementing agile strategies has the advantage of being quick
and efficient in responding to changes in market demand [7].

Research on agile supply chain management has been carried out,
among others [8] which examines the opportunities and
constraints of agile supply chain management in multinational
corporations. Then research from [6] who designed the 11 steps
on an agile supply chain for the footwear industry. Other research
[5] focuses on identifying the impact of an agile supply chain on
profitability. Many studies on agile supply chain management
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have been carried out, but none have focused on developing agile
supply chain management models in the palm oil industry.

The ISM method and MIMCAC analysis were used in this study.
Interpretative structural modeling is used to develop a more
structured model [9]. The ISM method can be used to develop an
effective multi-hierarchy model of multivariate problems [10].
Meanwhile, MICMAC analysis is an analytical technique to
determine driving power and dependence factors [11].

This study has the objectives of (1) identifying performance
indicators for agile supply chain management in the palm oil
industry, (2) developing interpretative structural modeling (ISM)
between agile supply chain management indicators in the oil
palm industry, (3) classifying and analyzing each agile supply
chain performance indicator of palm oil industry using MICMAC
analysis.

This paper consists of five parts. After the introduction, it will be
followed by the method. Then the third part is the results and
discussion. The fourth part is the conclusion, and the last fifth is
the managerial implications.

METHOD

In general, this research is divided into three sub-stages, the first
sub-stage is to identify agile supply chain management (ASCM)
performance indicators for the palm oil industry, the second sub-
stage is the preparation of an interpretative structural modeling
(ISM) ASCM model between performance indicators. The
second sub-stage itself is quite long, including the creation of
contextual relationships between indicators, the creation of a
structural-self interaction matrix, the creation of the reachability
matrix, the creation of level partitions, the creation of digraphs,
the replacement of variable nodes with indicator statements [12].
The third sub-step performs the MICMAC analysis.

Step 1: Determines Agile Supply Chain Management
Performance Indicators

At this stage, a literature review is conducted to identify agile
supply chain performance indicators for the palm oil industry.

Previously, Primadasa et al. [12] used this literature review
method to identify green supply chain performance indicators for
the palm oil industry from journal papers related to GSCM.
Meanwhile, for this research, all journal papers related to agile
supply chain management will be reviewed, plus the
development of indicators through a field study process.

Step 2: Create Contextual Relationship Between Agile Supply
Chain Indicator with Structural Self Interaction Matrix (SSIM)

The relationship between factors or indicators was identified by
involving a group of experts [14]. The relationship between these
indicators is shown in the form of a structural self-interaction
matrix (SSIM) [15]. The code letters V, A, X, and O are used to
compare indicators, V is used if indicator i affect indicator j, A is
used if indicator j affects indicator i, X is used if indicators affect
each other, and O is used if indicators do not affect each other
[16].

Step 3: Create Reachability Matrix

The reachability matrix is the conversion of the SSIM matrix into
a binary matrix by replacing V, A, X, and O with 0 and 1 [17].
The matrix is called the initial reachability matrix with the
following conversion rules:

If the SSIM is written V, then the reachability matrix is written 1
for entries (i,j) and O for entries (j,i)

If the SSIM is written A, then the reachability matrix is written 0
for entries (i,j) and 1 is written for entries (j,i)

If the SSIM is written X, then the reachability matrix is written 1
on entry (i,j) and entry (j,i)

If the SSIM is written O, then the reachability matrix is written 0
on the entry (i,j) and entry (j,i)

Furthermore, the transitivity check is carried out with the rules
where if indicator | is related to indicator Il, and indicator Il is
related to indicator 11, then indicator | is related to indicator I11
[18]. The final results of the transitivity check are shown in the
final reachability matrix table.

Determines agile SCM
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Figure 1. Flowchart of Research Stages
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Step 4: Create Level Partitions

At this stage, the partition level for each indicator is determined,
derived from the intersection set which is the intersection
between the antecedent set and the reachability set [19]. If the
antecedent set or reachability set can be "eliminated" for the first
time in the first iteration, it enters level 1.

Step 5: Create Digraph

The digraph describes the relationship between factors and the
level of each factor is displayed in the form of number nodes [20].
Transitivity has been omitted in the digraph [20].

Step 6: Create ISM Model

The arranged digraph is converted into an ISM model by
replacing nodes with identified indicators [21].

Step 7: MICMAC Analysis

At this stage, the partition level for each indicator is determined,
MICMAC analysis is done by grouping each indicator into a
driving power-dependence diagram consisting of four types of
indicators, namely autonomous indicators (bottom-left),
dependent indicators (bottom-right), independent indicators (top-
left), and linkage indicators (top-right) [22]. The position of each
indicator in the diagram is determined by adding up the horizontal
values in the final reachability matrix for driving power and
adding up the vertical values for dependence power.

RESULTS AND DISCUSSION

Agile Supply Chain Performance Indicators for Palm
Oil Industries

In this study, 16 agile supply chain performances were obtained
for the palm oil industries as shown in Table 1. While in another
study [23], seven supply chain agility criteria were obtained.
However, in general, seven indicators obtained in previous
studies [23] have been directly or indirectly obtained in this
study, for example, the firm ability to accommodate a change in
orders is in indicator A5 in this study, then indicators of ease of
sharing information between suppliers and customer by the A2
indicator in this study.

Sustainable Supply Chain Indicators Matrix (SSIM)
and Reachability Matrix

The relationship between agile supply chain indicators in the
palm oil industry is shown in the structural self-interaction matrix
(SSIM) shown in Table 2. Then the SSIM display with codes V,
A, X, and O is changed in the reachability matrix shown in Table
3 with binary codes 1 and 0. After checking the transitivity, it is
displayed in the form of the final reachability matrix in Table 4.

Level Partitions and Digraph

The level of each agile supply chain indicator for the palm oil
industry appears after going through four iterations and is shown
in Table 5, namely the final level partitions. Each level is then
visualized through graphs as shown in Figure 2. As shown in the
digraph, it can be seen that five indicators are at level 1, 3
indicators are at level 2, six indicators are at level 3, and two
indicators are at level 4.
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Interpretative Structural Modeling (ISM) Agile Supply
Chain Performance Indicators for Palm QOil Industries

In previous studies [13], both objects were the palm oil industry
and also used the ISM method, but to find the ISM Green Supply
Chain Performance Indicators model, a model with three levels
was obtained, while this study obtained four levels. Level 4 of
this research  consists of indicator All, namely

Table 1. Agile Supply Chain Performance Indicators for Palm
Oil Industries

Code  Agile SCM Performance Indicators Ref.

Al Quality relationship with suppliers [24]
A2 Connectivity between companies in the [24]
supply chain
Quality of the relationship between Develop
A3 plantations, transportation and palm oil ment
mill
A4 Opportunity seeking [25]
A5 Anticipating and responding to change [25]
A6 Service level improvement [5]
A7 Collaborative planning [5]
A8 Managerial decisiveness [23]
A9 Data processing models capabilities [23]
Advance technology and organization [26]
A10 -
adoption
All Customer/marketing sensitivity [27]
Al2 Delivery reliability [28]
Al3 Dynamic production scheduling [29]
Loading ramp capacity (to accommodate  Develop
Al4
FFB) ment
Storage tank capacity (to accommodate Develop
Al15
CPO) ment
A6 CPO quality (FFA content, water Develop
content, impurities) ment

Table 2. Structural Self Interaction Matrix (SSIM) Agile Supply
Chain Management Performance Indicators for Palm Oil Industry
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Initial Reachability Matrix Agile Supply Chain

Table 3.

Management Performance Indicators for Palm QOil Industry
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Figure 2. Digraph Agile SCM Performance Indicators of Palm
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Table 4. Final Reachability Matrix Agile Supply Chain Management Performance Indicators for Palm Oil Industry
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Tabel 5. Final Level Partitions

Code Reachability Set Antecedent Set Intersec- Level
tion Set
123781011, 123741
AL 123457111316yl e 3
o 12345671113 123781011 123711,
16 12131415 13
123781011,
A3 12345871316 (oelon 123713 3
1,2,3,45,6,7,89,
A4 4 101112131415 4 1
123578910,
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AS 46 12131415 6 2
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A8 1011,1213,16 8 8 L
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Customer/marketing sensitivity, and indicator A13, namely
Dynamic production scheduling. Level 3 previous research [13]
has one indicator, namely BOD (Biological Oxygen Demand)
while this study consists of six indicators including quality
relationships with suppliers, connectivity between companies in
the supply chain, quality of the relationship between plantations,
transportation, and palm oil mills, collaborative planning, data
processing models capabilities, advanced technology, and
organization adoption. Level 2 previous research [13] consists of
four indicators including water generated before recycled,
acidification potential, COD, and % waste reused. While level 2
of this research, only three indicators were found, including
anticipating and responding to change, service level
improvement, and delivery reliability. The previous level 1
research [13] obtained six indicators while this study found five
indicators  including  opportunity  seeking, managerial
decisiveness, loading ramp capacity, storage tank capacity, and
CPO quality. In general, agile supply chain indicators at level 4
affect hands at level 3, and so on. Details of the ISM model of
agile performance indicators obtained can be seen in Figure 3.

The results of this study expand the development of research on
agile supply chain where the agile supply chain indicators are
modeled by the relationship between the indicators, while in
previous studies [23] tends to be more on grouping based on the
level of influence of the indicator. In studies related to the supply
chain of palm oil, this research provides a new body that
emphasizes the relationship of agility indicators while previous
studies [30] emphasizing on agility based on network design in
its palm oil supply chain.

H.H

Service level
improvement

Advance
tlechnology and
organization
adoption

Data
processing
models
capabilities

Collabaralive!

planning

production
scheduling

Figure 3. Agile SCM Performance Indicators Model of Palm Oil Industry

DOI: 10.25077/josi.v22.n1.p1-8.2023

Primadasa and Christata 5


https://doi.org/10.25077/josi.v22.n1.p1-8.2023

PRIMADASA AND CHRISTATA / JURNAL OPTIMASI SISTEM INDUSTRI - VOL.. 22 NO. 1 (2023) 1-8

MICMAC Analysis

In this study, there is only one indicator that is included in
autonomous indicators, namely the A9 indicator, data processing
models capabilities. While in the previous study [13], five
indicators were categorized as autonomous indicators. Indicators
that fall into the autonomous category have less drive power and
less power, as well as a disconnect from other indicators [31].

This study found four indicators that fall into the category of
dependent indicators, namely opportunity seeking (A4),
anticipating and responding to change (A5), service level
improvement (A6), and CPO quality (A16). While in previous
research [13] there is only one indicator that falls into this
category, namely global warming potential. Indicators that fall
into this category are generally dependent on other indicators
[32].

Linkage indicators in this study obtained six indicators, namely
the quality relationship with suppliers (A1), connectivity between
companies in the supply chain (A2), quality of the relationship
between plantations, transportation, and palm oil mill (A3),
collaborative planning (A7), customer/marketing sensitivity
(A11), and dynamic production scheduling (A13). Meanwhile, in
the previous study [13] there were no indicators that were
categorized as linkage indicators. Indicators that fall into the
linkage category are indicators that have a greater impact on other
indicators [33] category, namely global warming potential.
Indicators that fall into this category are generally dependent on
other indicators. Independent indicators in this study include
managerial decisiveness (A8), advanced technology and
organization adoption (A10), delivery reliability (A12), loading
ramp capacity (Al4), storage tank capacity (A15). While in
previous research [13], there was not a single indicator that was
categorized as the independent indicator. Indicators that fall into
this category have a strong driving power and have a strong
influence on other indicators (Figure 4) [34].

CONCLUSION

Performance indicators for agile supply chain management of the
palm oil industry obtained a number of 16 indicators including
the quality relationship with suppliers, connectivity between
companies in the supply chain, quality of the relationship
between plantations, transportation, and palm oil mill,
opportunity seeking, anticipating and responding to change,
service level improvement, collaborative planning, managerial
decisiveness, data processing models capabilities, advance
technology and organization adoption, customer/marketing
sensitivity, delivery reliability, dynamic production scheduling,
loading ramp capacity, storage tank capacity, and CPO quality.
Interpretative Structural Modeling (ISM) Agile Supply Chain
Performance Indicators for palm oil industries consist of four
levels, where there are two indicators at level 4, namely:
customer/marketing  sensitivity and dynamic production
scheduling. Level 3 has six indicators, namely quality
relationship with suppliers, connectivity between companies in
the supply chain, quality of the relationship between plantations,
transportation, and palm oil mill, collaborative planning, data
processing models capabilities, advance technology and
organization adoption. Then level 3 consists of three indicators
including anticipating and responding to change, service level
improvement, and delivery reliability. Finally, level 1 consists of
five indicators, namely opportunity seeking, managerial
decisiveness, loading ramp capacity, storage tank capacity, and
CPO quality. The results of MICMAC Analysis put five
indicators into the category of independent indicators including
managerial decisiveness, advance technology and organization
adoption, delivery reliability, loading ramp capacity, and storage
tank capacity. Then six indicators are categorized as linkage
indicators, namely quality relationship with suppliers,
connectivity between companies in the supply chain, quality of
the relationship between plantations, transportation, and palm oil
mill, collaborative planning, customer/marketing sensitivity,

16
15
14 | A8
13 Al2
12 Al0
11| Al4,
AlS
10 Independent Indicators All, | A2 Linkage Indicators
5 Al3
Z 9 Al
=0 A3,
£ Al
a 8 Autonomous Indicators Dependent Indicators
7
6
5
4
3 A9
2 A6 AS
1 Al6 A4
l 2 3 4 506 78109 10 11 12 13 14 15 | 16
Dependence Power
Figure 4. Driving Power-Dependence Diagram
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dynamic production scheduling. Meanwhile, four indicators are
categorized as dependent indicators including opportunity
seeking, anticipating and responding to change, service level
improvement, and CPO quality. Finally, there is only one
indicator that is included in autonomous indicators, namely data
processing models capabilities.

Managerial Implications

The results of this study can be used by managerial parties in the
palm oil industry if they want to make their supply chain more
agile then priority can be given to those at level-4, followed by
level-3, level-2, and level-1 indicators. Because in the ISM agile
SCM model in Figure 3, which is formed in general, if the level-
4 level such as customer/marketing sensitivity and dynamic
production scheduling can be improved, it will affect the
improvement of level-3, and so on. However, the results of the
MICMAC analysis also need to be considered, for example,
indicators that are in the category of independent indicators that
have a higher driving power value than other categories can be
prioritized.
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