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ABSTRACT

Palm oil is a commodity whose demand continues to increase, requiring proper risk management in
the supply chain. This study aims to develop a hybrid method that integrates probability impact matrix,
analytical network process, and house of risk to mitigate strategies in the palm oil supply chain. The
Probability Impact Matrix (PIM) method is used to map the priority risk agents and determine the
occurrence value of the risk agents, and Analytical Network Process (ANP) is used to determine the
severity value of the risk event. Furthermore, the House of Risk (HOR) is proposed to determine the
priority of the mitigation strategy. The proposed method was applied in a case study on the palm oil
supply chain in Indonesia. The research results show that ten priority risk agents and 6 mitigation
strategies were obtained based on the proposed method to overcome risk agents in palm oil supply

chain.
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1. Introduction
In the food and cosmetic industries, there has
been an increase in global demand for palm oil as
a low-cost oil or fat supply. In 2018, 19.72
million tonnes of such vegetable oil were
consumed globally [2]. Palm oil production, an
important economic activity for Colombia's
development, has helped it become the region's
top producer [25]. More than 400,000 hectares of
African oil palm were planted in 2017 to meet
domestic and international demand in the food,
pharmaceutical, and energy industries [27], [19].
The palm oil industry in South East Asia is
expanding rapidly, particularly in Indonesia.
Palm oil has become the region's most important
commodity in recent decades [9]. Despite its
expansion, Indonesia's palm oil industry is
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constantly working to improve its
competitiveness in the global oil market.

Crude palm oil (CPO) is extracted from fresh oil
palm fruit bunches and is a source of high-value
antioxidants such as tocotrienols and beta-
carotene. CPO is a distinct bright orange oil that
can be used in both domestic cooking and
biodiesel production [12]. Delays in production
and delivery can harm a CPO manufacturer's
reputation, as well as its sales and financial
performance [31]. Furthermore, a thorough
understanding of supply chain risk mitigation and
response opens up new research avenues [14].
Focusing on supply chain management is one
way to stay competitive in the supply chain
ecosystem [11], [17], [34].

Supply chain risk management is a concept to
control and coordinate the risks that can be
generated and mitigation actions in the company's
supply chain [32]. Supply Chain Risk
Management (SCRM) is a combination of the
supply chain management concept with risk
management [10]. Because SCRM involves
reciprocity in a typical supply chain network, all
members in the network will be potentially
exposed to risk [16].

In recent years, researchers have published a
number of supply chain risk mitigation. [32],
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[20], and Ummi et al. have used the house of risk
to determine priority risks and the Analytical
Network Process (ANP) to select priority
mitigation strategies. Integration of Failure
Modes and Effects Analysis (FMEA) and ANP
also proposed to determine priority risk [3], [35]
used the House of Risk to mitigate risks in the
high way road construction. House of Risk have
also applied to mitigation in supply chain
activites  such as material procurement [7],
production process [22], [24], distribution [6]
[18]. Some procedure have also affered on palm
oil supply chain mitigation strategies by
researchers. [4] proposed modified failure mode
and effect analysis, and House of Risk was
offered by [28], and Probability Impact Matrix
(PIM) [13]. Integrating risk assessment,
performance measurement and supply chain
optimisation, which involve a decision-making
tool also was developed by [8].

Based on previous research, research on palm oil
supply chain mitigation strategies are rarely
investigated. To the best of our knowledge only
four papers discussed this problem [4], [28], [8],
[13]. House of Risk (HOR) is a supply chain
mitigation risk method that popular to manage
supply chain risk [21]. Unfortunately, this
procedure has lacks such as risk events that do
not have a relationship between one risk event
and another, and the risk agent is not assessed at
the initial risk level, thus causing risk agents who
are not at risk to be involved in the risk
assessment. Hence, this research attemps
developed a hybrid method to mitigate strategies
palm oil supply chain. This research aims to
propose a hybrid method to mitigate strategies
palm oil supply chain based on Probability
Impact Matrix (PIM), ANP, and HOR. It has
never been applied previous research on supply
chain mitigation strategies. In proposed method,
PIM is used to determine the value of the risk
score and risk zone of each risk agent. Only risk
agents that are in the yellow and red zones will be
further processed in HOR. ANP is used to
determine the relationship between risk events
and the severity value of risk events, and HOR is
used to determine the priority of risk agents and
mitigation strategies. The proposed procedure is
applied to a supply chain case study in a
company in Indonesia. The research contributions
are described as follows: (1) propose a new
hybrid procedure based on the integration of
PIM, ANP and HOR; and (2) provide
recommendations for supply chain mitigation in a
case study of the palm oil supply chain in
Indonesia.

2. Methods
2.1. Proposed framework
This section discusses the proposed framework to
mitigate supply chain which consists of five
stages. A hybrid method is proposed which
involve probability impact matrix (PIM),
analytical network process (ANP) and house of
risk (HOR) methods. The proposed framework
can be seen in Figure 1. The first stage is to
identify supply chain activities based on the
Supply Chain Operations Reference (SCOR),
followed by the identification of risk events and
risk agents that occur during the supply chain
process. The SCOR model has 5 processes,
namely,” plan, source, make, deliver and return
[23].
The second stage is the mapping of risk agents
using a PIM, which is used to determine the risk
zone for each risk agent. The 5 x 5 matrix is
developed with impacts ranging from scale 1,
being very low, to 5, very high, on the horizontal
axis and probabilities on the vertical axis. The
five zones in PIM are (1) Dark red zone, the risk
in this zone is very important and must be
handled immediately; (2) Light red zone, the risk
in this zone is very important and must be
avoided, reduced or diverted; (3) Yellow zone,
the risk in this zone is quite important and must
be handled; (4) Dark green zone, the risk in this
zone is low, the risk in this zone is sufficiently
monitored; (5) Light green zone, the risk in this
zone has the lowest impact, the risk is sufficiently
monitored [13]. Risk agents in the yellow and red
zones is processed in phase 1 of house of risk. It
is used so that risk agents categorized as yellow
and red become a concern in risk mitigation.
The third stage is to determine the severity value
of the risk event using the ANP. ANP is a
procedure that weights indicators based on the
interrelationship of indicators and was proposed
by Saaty and Vargas (2013). The first stage of
severity assessment using ANP is determining the
interrelationship risk event, which 1is then
assessed on the level of importance based on a
pairwise comparison matrix. In the pairwise
comparison on risk event, ANP uses 9-scale
importance level where 1 denotes equal
importance and 9 means that the first risk event is
extremely more important than the second risk
event. The next step is to determine the
eigenvector value, and unweighted supermatrix is
created by entering all the calculated eigenvectors
into a supermatrix. Weighted supermatrix is
created by multiplying each content of the
unweighted supermatrix with the criteria
comparison matrix (cluster matrix). Furthermore,
limiting supermatrix is calculated increasing the
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supermatrix continuously until the numbers in
each column in one row are the same. In ANP,
consistency ratio (CR) is calculated to determine
consistency from pairwise comparison, and if the
CR value is higher than 10%, it is necessary to
perform  reassessment for the pairwise
comparison.

The fourth stage is determining the priority risk
agent based on Aggregate Risk Potential (ARP)
value using the phase 1 of HOR. In this phase,
the severity value is generated from the ANP
procedure in the third stage, and the Probability
Risk agent HOR value is generated from the
assessment in the PIM procedure. Risk events
and risk agents relationship were assessed on a
scale of 0 (no relationship), 1 (low relationship),
3 (medium relationship), and 9 (high

relationship). ARP of each risk agent is
calculated based on severity, probability, and
relationship risk events and risk agents. The fifth
stage is determining the priority of the mitigation
strategy using the phase 2 of HOR. Preventive
action for mitigation strategy is obtained through
focus group discussion. The Total Effectiveness
(TE) is based on ARP on risk agent, the
relationship between risk agent, and preventive
action (PA). Risk agents and preventive action
relationships were assessed on a scale of 0 (no
relationship), 1 (low relationship), 3 (medium
relationship), and 9 (high relationship). Difficulty
(D) of preventive action is graded from 1 (easy)
to 4 (very difficult). The highest Effectiveness to
Difficulty Ratio (ETD) is a priority mitigation
value based on the ratio of TE to D.
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Fig. 1. Research framework

2.2. Data and case study

In this study, the proposed framework is applied
to a case study of a palm oil processing company

in Indonesia. Three experts were involved to
assess the risk impact, risk probability, pairwise
comparison for severity of risk events, risk event
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and risk agent relationship assessment, risk agent
relationship assessment and mitigation strategy,
and difficulty level assessment. Identification of
risk events and risk agents in the supply chain of
palm oil are presented in Table 1 and Table 2.
Table 1 shows risk events corresponding to the
clusters: there are 4 risk events in the cluster plan,

8 risk events in the source cluster, 6 risk events in
the make cluster, and 5 risk events in the deliver
cluster. Futhermore, Table 2 shows the risk agent
corresponding to the cluster: there are 4 risk
events in the cluster plan, 9 risk events in the
source cluster, 4 risk events in the make cluster,
and 6 risk events in the deliver cluster.

Tab. 1. Risk events in the supply chain of palm oil

Major

Sub process Risk event Code
process
Mismatch between capacity planning and realization El
Production planning process
' Production costs do not match the initial budget plan E2
Plan
Machine ~ maintenance  The machine suddenly broke E3
planning
Raw material stock is not as planned E4
TBS delivery Delay in delivery of TBS to the factory E5
Broken scale E6
TBS acceptance Low TBS quality E7
Rotten/raw TBS pass sorting E8
Source The amount of TBS is less than the capacity of the E9
conveyance
Filling TBS to lori Piling of fresh fruit bunches on the platform E10
TBS damaged in storage/platform Ell
Lorry broken E12
TBS is damaged so it can't be processed E13
Production process There was a delay during production E14
Machine stop operating E15
Make Request cannot be fulfilled El6
CPO quality varies E17
Quality control CPO No quality check during the production process E18
CPO storage in CPO damaged in warehouse E19
warehouse
Deliver Lack of product delivery capacity E20
Delivery of products to CPO delivery delay E21
consumers CPO spilled during shipping E22
CPO tank car damaged E23
Tab. 2. Risk Agents in The Supply Chain of Palm Qil
Major Sub process Risk agent Code
process
. . The engine capacity cannot be maximized Al
Production planning Producti . hich
Plan ro uf:tlon tar.get 1S t.oo 1g A2
Machine maintenance Error in machine maintenance schedule A3
planning Production plan calculation error A4
TBS delivery Broken transport car AS
Excessive vibration A6
TBS acceptance Broken loadcell A7
TBS storage in the open A8
TBS damaged during the shipping process A9
Delay in delivery of fruit from plantation Al10
Source Many fruits enter the factory All
Filling TBS to lori Do not use the FIFO system (first in first out) Al2
Broken lorry components Al3
Does not consider machine setup time Al4
Make  Production process An unplanned breakdown occurred AlS
Labor negligence Al6
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Quality control CPO defects during production Al7

CPO storage in warchouse E)l;fg product has been in the warehouse for too AlS

Delay in fulfilling customer orders Al9

Deliver Deli ¢ g Limited transport truck facilities A20
elivery ob - products 10 gy ren truck faucet A21

consumers Transport truck hose broke A22
Unscheduled car maintenance A23

3. Results and Discussion
3.1. Risk agent mapping with probability
impact matrix
The risk agent mapping in the probability impact
matrix is based on the risk probability and
impact. The risk agent mapping in the supply
chain of palm oil using PIM can be seen in Figure

Probability

2. The results concluded that there are 3 risk
agents which are in green zone, 10 risk agents in
the yellow zone, and 10 risk agents in the red
zone. The risk agents that will be processed using
HOR are those in the yellow and red zones
because risks in these zones have bigger impact
to the supply chain.

Al A4 All
Al12 AlS,
A19, A20,

A21, A22 A23

Impact

Fig. 2. Mapping risk agent using probability impact matrix

3.2. Assesment of the severity risk event
using analytical network process

In ANP, a relationship between each risk event is
needed to assess the severity of a risk event. A
pairwise comparison based on the relationship
between each risk event was carried out in ANP.
Then, it was processed using the super decision
software to obtain the severity value. Figure 3
shows the risk event relationship in the supply
chain of palm oil. For example, the cluster plan
has an inner dependence (influences each other
within one cluster), namely the risk event
“mismatch between capacity planning and the
realization process” (El) is influenced by
“production costs not in accordance with the

initial budget plan” (E2), “errors in engine
maintenance scheduling” (E3), and “raw material
stock is not as planned” (E4). This means that E1
is influenced by E2, E3, and E4 while E2, E3,
and E4 are influenced by E1. While the cluster
plan's outer dependence (mutual influence
between clusters), namely the risk event
“mismatch between production planning and the
realization process” (E1), is influenced by “TBS
delivery to the factory” (E5) and “low TBS
quality” (E7). The severity value-based ANP is
presented in Table 3. It shows that “unscheduled
car maintenance” (E23) has the highest severity
value of 0.11 and “damaged scales” (E6) have the
lowest severity value of 0.008.
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Fig. 3. Risk event relationship in the supply chain of palm oil

Tab. 3. Severity risk event value based on ANP

Code Severity Code Severity Code Severity
El 0.055 E10 0.039 E19 0.024
E2 0.061 Ell 0.034 E20 0.047
E3 0.061 El2 0.021 E21 0.063
E4 0.061 El3 0.051 E22 0.057
ES 0.019 El4 0.067 E23 0.111
E6 0.008 El5 0.056
E7 0.020 El6 0.027
ES8 0.038 El17 0.021
E9 0.033 E18 0.014

3.3. Determining the priority of risk agent
with phase 1 of house of risk

Based on the severity assessment using ANP and
risk agent mapping in PIM method, Agent Risk
Priority (ARP) from phase 1 of HOR is presented
in Table 4. This result show that the risk agent
“unplanned breakdown occurred” (A15) has the

highest ARP. Then ARP ranking was performed
using the 80:20 pareto principle, which means
that 80% of the causes with the highest ARP
values are prioritized first. By using the Pareto
diagram, 10 risk agents are obtained which will
be prioritized in determining the mitigation
strategy as shown in table 6.

Tab. 4. Phase 1 of house of risk

Risk event

Risk agent

Al A2 A3 A4 A5 A8 A9 A10  All

Al2

Al3  Al4  Al5 Al6 AlI8 Al9 A20 A2l A22 A23

Severity

El

9 3 1 1 1

0,06

E2

0,06

E3

0,06

E4

0,06

ES

0,02

E6

0,01

E7

0,02

E8

0,04
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E9 1 3 9 0,03
E10 3 9 3 9 3 0,04
Ell 1 1 3 9 9 9 0,03
E12 9 0,02
EI3 1 3 3 3 0,05
El4 3 3 3 9 0,07
El5 9 9 0,06
El6 9 0,03
El7 1 3 0,02
EI8 0,01
E19 3 3 3 9 0,02
E20 3 3 9 0,05
E21 9 9 0,06
E22 0 0 0,06
E23 0 0,11

Probability 5 4 4 3 4 4 4 4 3 3 3 3 3 4 3 3 3 3 3 3
ARP 481 507 096 072 197 092 285 365 404 212 473 396 596 253 067 301 172 000 000 301
Rank 3 2 15 17 13 16 10 7 5 12 4 6 1 1118 8 14 19 20 9

3.4. Determining the priority of the
mitigation strategy phase 2 of house of risk
Based on the ARP assessed in the previous stage,
this section presents the determination of
appropriate risk mitigation in the palm oil supply

chain. Determination of risk mitigation makes
use of phase 2 of HOR. Proposed mitigation
strategies for the palm oil supply chain is shown
in Table 5. Assessment on phase 2 of HOR is
presented in Table 6.

Tab. 5. Proposed mitigation strategies

Code Proposed Mitigation strategy References
PA1 Car.'ry out maintenance of machines using predictive (Selcuk, 2016)

maintenance
PA2 Iliittzrrrﬁne the interval for replacement of car spare (Blazejewski et al., 2020)
PA3 Implementing collaborative planning forecasting (Sherman, 1998)

replenishment (CPFR)
PA4 Provide work instructions on each machine -
PAS Provide rewards and sanctions for workers who do

not comply with the SOP )
PA6 Using tarpaulin as a cover for TBS during the

shipping process )

Tab. 6. Assessment on phase 2 of hOR

Risk Proposed Mitigation strategy ARP
agent PA1 PA2 PA3 PA4 PAS PAG6
AlS 9 5.96
A2 9 5.07
Al 3 4.81
Al3 9 3 9 4.73
All 9 4.04
Al4 9 9 9 3.96
Al10 9 3.65
Al9 9 3.01
A23 9 3.01
A9 9 9 2.85
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TE 146.29 27.07 167.61
D 3 3 3
ETD 48.77 9.02 55.87
Rank 2 5 1

49.82 78.21 25.60
4 4 3
12.46 19.55 8.54
4 3 6

Based on Table 6, applying -collaborative
planning forecasting replenishment (PA3) yielded
the highest ETD value of 55.79. This strategy can
overcome the risk agent production target is too
high (A2), lots of fruit entering the factory (A11),
late delivery of fruit from plantations (A10),
delays in fulfilling consumer orders (A19) and
damaged TBS during the delivery process (A9).
CPFR is a concept where supply chain members
collaborate in planning and fulfilling customer
demand. In a previous study conducted by
Ramdhanu & Hasibuan (2017), CPFR is proven
to be able to solve almost the same problems as
the company's risk agents, which are inventory
problems, controlling capacity, eliminating
delays in the delivery of raw materials and
finished products. In the implementation of
CPFR, the plantations and factories will work
together in planning and fulfilling consumer
demands. Carrying out maintenance of machines
using predictive maintenance has an ETD value
of 48.77. This strategy can overcome the risk
agent of unplanned engine damage (A15), engine
capacity cannot be maximized (Al), and
damaged lorry components (A13). Predictive
maintenance is a method of recognizing the
potential damage before it happened. Previously,
the company applied the concept of preventive
maintenance, by replacing the components based
on predetermined time intervals. However, in its
application, the damage often occurs
prematurely. Therefore, the researcher proposes
implementing predictive maintenance so that the
company can recognize the damage before it
occurs.

Giving rewards and sanctions for workers who do
not comply with the SOP has an ETD value of
19.55. This strategy can overcome the risk agent
for damaged lorry components (Al13). In its
application, the company makes a work
procedure document, then the company
supervises the performance of employees in
accordance with the work procedures that have
been made. Giving work instructions on each
machine has an ETD value of 12.46, which can
overcome the risk agent for damaged lorry
components (A13) and does not consider
machine setup time (A14). Determination of the
replacement interval for car spare parts has the
largest ETD value of 9.02. This strategy can
overcome the risk of unscheduled car
maintenance agents (A23). Determination of the

replacement interval can use several methods,
one of which is age replacement. Age
replacement is a method that determines the
maintenance time based on the time interval of
the damage. Using a tarpaulin as a TBS cover
during the shipping process has an ETD value of
8.54, this strategy can overcome the risk of the
TBS agent being damaged during the shipping
process (A9). The use of tarpaulin as a cover for
TBS serves to prevent TBS from being exposed
to rain during the shipping process. This is done
to maintain the quality of TBS, TBS that has been
exposed to rain has the potential to rot quickly.

4. Conclusion

This study attempts to propose a hybrid method
for mitigating palm oil supply chain risks that
includes PIM, ANP, and HOR procedures.
According to the findings, the 20 risk agents
posed medium (yellow) and high (red) risks.
Unscheduled car maintenance (E23) has the
highest severity rating with ANP, and damaged
scales (E6) has the lowest. Unplanned breakdown
occurred (A15) has the highest ARP value in risk
agent based on phase 1 of HOR. Implementing
collaborative forecasting replenishment (PA3)
produces the highest priority value for risk
mitigation in phase 2 of HOR, which consists of
six mitigation strategies. Some of the limitations
of this study include assuming that respondents'
and experts' preferred answers are crisp. In fact,
some answer preferences allow for some degree
of ambiguity. As a result, research with fuzzy
characteristics should be considered in future
studies.
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