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Foreword

The Proceedings of the 2" International Conference on Management of Technology, Innovation,
and Project (MOTIP 02) is a scientific publication of the MOTIP 02’s presenters and authors,
which presented online on February 27th, 2021. Meanwhile, MOTIP 02 is a conference hosted by
the Department of Technology Management, Institut Teknologi Sepuluh Nopember as an
academic event for the researchers, academicians, students, practitioners, and observers to
disseminate their research findings, best practices, and ideas related to the scope of technology
management.

MOTIP 02 has a collaboration with the 10" International Conference on Operations and Supply
Chain Management (OSCM). Thus, the conference theme is “Technology, People, and Innovation
in Supply Chain”. This join conference already received 224 abstract submissions from more than
20 countries, and more than 20 different affiliations. After screening process, we finally accepted
papers which have been presented on the conference and the papers are published in this
proceedings.

The Proceedings of MOTIP 02 contains 106 articles which address current issues in management
of technology and beyond, which we classified into several subjects, i.e. Supply Chain and
Logistics Management, Quality Management, Lean Manufacturing, Performance and Cost
Management, Finance Management, Marketing Management, Strategic Management,
Management of IT/IS, Project Management, Risk Management and Analysis, Decision Support
System in Business, Simulation and Optimization, Factor Analysis, and Innovation on
Application.

On the top of that, this proceedings also contains article of the keynote speakers, Professor Chee
Yew Wong, from Leeds University Business School, UK, entitled “Researching Technology,
People, and Innovation in Supply Chains: Towards meaningful and impactful scholarly research
articles”.

On behalf of the editors and committees, we would like to express our gratitude to all authors,

speakers, presenters, and participants for the contributions to the Proceedings of MOTIP 02. We
hope you get new experience, new knowledge, as well as new insights from this proceedings.

Surabaya, February 27th, 2021

Gita Widi Bhawika
Chair
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DESIGNING SUPPLY CHAIN RISK MITIGATION STRATEGY AT
GAS PROCESSING PLANT USING HOUSE OF RISK METHOD

Wawan Widiatmoko
Department of Technology Management, Sepuluh Nopember Institute of Technology,
Surabaya 60264 Indonesia, E-mail: widiatmoko.wawan82@gmail.com

Putu Dana Karningsih
Department of Industrial Engineering, Sepuluh Nopember Institute of Technology,
Surabaya 60111 Indonesia, E-mail: dana@ie.its.ac.id

ABSTRACT

A gas processing plant is an essential natural gas management facility. Processed natural
gas is fuel for use by power plants. Considering electricity is the vital energy to meet the
general public's needs, the gas supply must not be disrupted. However, there is still often the
failure of operations at the gas processing plant that is not expected. The supply of gas to
the plant is also disrupted and resulting in constraints to the distribution of electricity to
consumers. This supply failure also occurred at the CPPG gas processing plant owned by PT.
X. There is currently no supply chain risk management in CPPG. The risks resulting from the
failure of gas supply from CPPG to the power plant have not been identified. They are not
well mitigated, so it is necessary to do a supply chain risk mitigation strategy at the CPPG
gas processing plant so that there is no failure of gas supply in the future. This study aims to
design a supply chain risk mitigation strategy at the CPPG gas processing plant. The
framework used in this study is 1SO31000:2018. In the initial stages, risk identification is
carried out through focus group discussions with participants from cross-functional
departments. The risk identification process is based on business processes regarding the
Supply Chain Operation Reference. The results show 32 identified risk events and 35 risk
agents. After conducting an evaluation using House of Risk phase 1, ten risk agents need to
be prioritized. The selection of options for risk mitigation was carried out using the House
of Risk phase 2 method and resulted in 10 preventive actions that the company could
implement.

Keywords: gas processing plant, house of risk, mitigation, supply chain risk.

1. INTRODUCTION

A gas processing plant is an essential natural gas management facility. Processed natural gas
is used as fuel for power plants. Considering that electricity is an energy that is very important to
meet the general public's needs, the gas supply must not be interrupted. In carrying out this function,
the CPPG gas processing plant cannot stand alone. The gas processing plant requires another party
to form its supply chain network.

There are uncertainties in the supply chain that can disrupt the management of the supply
chain itself. The first uncertainty stems from demand. The amount of demand from power plants
through gas transporter can vary according to the electric power needs. Besides, the gas transporter
and power plant facilities' unpreparedness due to a sudden disruption can lead to a demand for the
gas processing plant to stop the gas supply.
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The second uncertainty comes from suppliers. This can be in the form of the lead time for
delivery of MRO materials, the uncertainty of prices for supporting materials or spare parts due to
exchange rate fluctuations, the uncertainty of quality and quantity of MRO materials sent. The third
uncertainty comes from internal sources, such as machine failure, labor absences, andproduction
quality uncertainty. The fourth uncertainty can come from the environment, such as natural disasters
or political stability factors.

These uncertainties have the potential to pose risks. From a supply chain perspective, risks
can arise in various events throughout the process of material flow, production, and finished
products. This risk can disrupt the flow of material, information, and finance, affecting supply chain
performance. The negative impact of uncertainties causes supply chain risk management's need
through the Supply Chain Risk Management (SCRM) approach.

Currently, there is no supply chain risk management at the CPPG gas processing plant. The
company has not included supply chain risks in the risk register. Supply chain risks have not been
properly identified and mitigated. It can cause disruptions to supply chain performance, so it is
necessary to implement a supply chain risk mitigation strategy at the CPPG gas processing plantso
that gas supply failures do not occur in the future.

2. METHOD
2.1 Risk Management Framework

ISO 31000: 2018 is a standard for aligning risk management processes with existing and
future standards. This International Standard provides a general approach to support standards
relating to specific risks. This International Standard provides general guidance, and it is not
intended to promote uniform risk management across organizations. The design and implementation
of a risk management plan and working framework needs to consider a particular organization's
needs with its specific objectives, context, structure, operations, processes, functions, projects,
products, services or assets, and the specific practices used.

In the risk management process, according to 1SO 31000: 2018, there are several stages or
processes, which include establishing a context, risk identification, risk analysis, risk evaluation,
risk treatment, monitoring, and review. In this research, the monitoring and review stages are not
included in the scope.

2.2 Business Process Identification

The Supply Chain Operation Reference (SCOR) is a model developed by the Supply Chain
Council as a standard diagnostic tool for supply chain management that can be used for various
industries. The SCOR model describes business activities to meet customer demands using a process
modeling block. The SCOR model can describe supply chains from simple to verycomplex supply
chains using a series of general definitions.

Business process identification is the first step in this research. Business processes are
identified by reviewing an activity carried out in the company. This business process is mapped with
the latest SCOR framework (Plan, Source, Make, Deliver, Return and Enable). The company's role
or stakeholders in identifying this business process is essential. The company or stakeholders are
people who know and understand the big picture of the business processes that occur within the
company. The business process in a gas processing plant is shown by Table 1.

2.3 Risk Identification
This stage consists of identifying risk agents that can cause more than one risk event in the
CPPG business process. In general, risk identification is carried out using Root Cause Analysis
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(RCA). The first step in RCA is the identification of risk events that may occur in each business
sub-process. Early identification of risk events is obtained from literature studies, previous research
that discusses supply chain risks, and observations in the field. The second step is the verification
of the identified risks through a focus group discussion (FGD) by involving a cross- functional team.
In the FGD activity, risk agent identification was also carried out. Table 1 shows that risk event
identification in each business process.

Table 1. Risk Event Identification

Process Sub-Process Risk Code
Events
Plan Gas demand forecasting Large forecast error El
Gas reserves calculation Inaccurate calculation E2
MRO material forecasting MRO material forecast error E3
Production planning Sudden changes in production plans E4
Plant maintenance planning Delayed plant maintenance execution E5
Source | Well preparation Delayed well preparation E6
Dry-hole E7
Natural gas inspection Out-of-specification in quality ES8
Volume lower than demand E9
Gas-in Loss volume E10
MRO material procurement Delayed tender process E11
Delay in MRO material delivery E12
MRO material price hikes E13
MRO material inspection MRO material doesn’t meet requirement E1l4
Supplier evaluation Supplier breach contract E15
MRO material inventory Inaccurate inventory record E16
Chemical material surplus E17
Make | Production execution Unplanned shutdown E18
Quality control Gas out-of-spec E19
Plant maintenance execution Delayed maintenance execution E20
Waste processing Waste processing is not optimum E21
Deliver | Gas delivery to customer Gas is not received by customer E22
Sales gas metering Difference in measurement E23
Return | Returning condensate Delay in return condensate from customer E24
Returning MRO material Delay in return process to supplier E25
Enable | Human resource management | Gap in the number of workers E26
Worker competency gaps E27
Data & IT management Data and information leakage E28
Breakdown IT system E29
Contract management Expired contract E30
Financial management Payment from customer is late E31
Compliance management Fraud E32

2.3 Risk Analysis

This stage collects data and summarizes supply chain risk, including risk agents and risk
events in the CPPG business process. The risk variables used in the study were obtained from the
results of verification through interviews with several people who have specific experience and
expertise in the fields that are under the topic of discussion. Then, an FGD activity that involves a
cross-functional team is carried out to assess the severity of the risk event and the occurrence of a
risk agent. The scale used to determine severity is the value {1,2,3,4,5} representing insignificant,



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

minor, moderate, significant, and catastrophic. Meanwhile, the scale used to assess occurrence is a
value of {1,2,3,4,5} representing the rare, unlikely, moderate, likely, and almost certain.

2.4 Risk Evaluation

The purpose of risk evaluation is to determine the priority order of risk agents for mitigation.
The method used is House of Risk phase 1. The first step is to create a relationship matrix between
the risk event and the risk agent. Furthermore, it provides an assessment of the correlation between
the risk event and the risk agent with a value of {1,3,9}, representing a weak, moderate, and strong
correlation. A value of 0 is given if there is no correlation between the risk event and the risk agent.
The next step is to calculate the Aggregate Risk Potential (ARP) value based on the total
multiplication between the severity risk event, the occurrence risk agent, and thecorrelation value
between the risk event and risk agent. Risk agent is prioritized based on the ARPvalue ranking from
the highest to lower. Pareto concept (80/20) can help determine risk agents which make a significant
contribution. Table 2 shows that the top ten risk agents: A2, A8, A17, A20, A22, A9, A34, A5, A6,
and A21, contributed 78.2% of the total ARP value. Several risk agents who contribute this large
percentage are prioritized for preventive action.

Table 2. Risk Agent Rank

. Aggregate Risk Cumulative
Rank Risk Agent (Code) Potential (ARP) % ARP % ARP
1 Limited information (A2) 216 10,4 10,4
2 Spare part stock-out (A8) 210 10,2 20,6
3 Dependence on one supplier (A17) 180 8,7 29,3
4 Custom clearance problem (A20) 180 8,7 38,0
5 Large shipping lot sizes (A22) 180 8,7 46,7
6 Social conflict (A9) 162 7,8 54,5
7 Customer cashflow problems (A34) 135 6,5 61,1
8 Lack of worker competence (A5) 132 6,4 67,5
9 Low vendor competence (A6) 132 6,4 73,8
10 Exchange rate fluctuations (A21) 90 44 78,2
11 Main equipment malfunction (A24) 45 2,2 80,4
12 Inaccurate data (A12) 36 1,7 82,1
13 Bankrupt customer (A30) 36 1,7 83,8
14 Difference in customer perceptions (A31) 36 1,7 85,6
15 Contract is not available (A28) 28 1,4 86,9
16 Unpreparedness of customer facilities (A7) 27 1,3 88,2
17 Breach operation procedure (A27) 21 1,0 89,3
18 Natural disasters (A19) 19 0,9 90,2
19 Bid evaluation take long time (A18) 18 0,9 91,1
20 No workload analysis (A32) 18 0,9 91,9
21 Employee development is not running (A33) 18 0,9 92,8
22 Fraud prevention system does not work (A35) 18 0,9 93,7
23 Sabotage (Al11) 15 0,7 94,4
24 PR specification is not clear (A16) 15 0,7 95,1
25 Labor strike (A23) 15 0,7 95,8
26 Instrumentation system malfunction (A25) 15 0,7 96,6
27 Natural gas shortage (A26) 15 0,7 97,3
28 Pipe leak (A13) 13 0,6 97,9
29 Government policy (A3) 12 0,6 98,5
30 Waste processing capacity (A29) 12 0,6 99,1
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31 Natural factor (A10) 8 0,4 99,5
32 | Theft (A15) 4 0,2 99,7
33 Metering system is sub-standard (A14) 3 0,1 99,8
34 Seasonality (Al) 2 0,1 99,9
35 Natural gas prices (A4) 2 0,1 100,0

2.5 Risk Treatment

The risk treatment stage aims to develop risk mitigation as an alternative solution in
preventing risk at an optimum cost. In this study, the risk mitigation design uses the House of Risk
phase 2 method. At this stage, it focuses on determining the most appropriate step to take first by
considering the effectiveness of the resources used and the level of performance of the related
objects.

The first step is to formulate a preventive action to deal with risk agents that are prioritized
for mitigation. Then create a relationship matrix between each risk agent and each preventive action,
and provide a correlation value of {0,1,3,9} which represents no correlation, low, moderate, and
high relationship. The next step is to calculate the total effectiveness (TE) of action based on the
total multiplication between the ARP and the correlation value.

After getting total effectiveness, the next step is to calculate the ratio of total effectiveness
to the difficulty level. This difficulty level is obtained by conducting an assessment and giving a
value of {3,4,5} which represents low, medium, and high difficulty levels. The effectiveness to
difficulty ratio (ETD) is obtained by dividing the total effectiveness by difficulty level. Preventive
action priority is based on the ETD rating from highest to low. The preventive action rank based
on ETD is shown in Table 3.

Table 3. Preventive Action Rank

Total Difficult Effectiveness

Rank Preventive Action (Code) Effectiveness D) Y1 to Difficulty

(TE) ( Ratio (ETD)
1 Local vendor empowerment (PA4) 1755 3 585
2 TVM contract (PA2) 1620 3 540
3 Multi-sourcing & Vendor Development (PA3) 1701 4 425
4 VMI contract with penalty scenario (PA5) 1188 3 396
5 Conduct S&OP by involving customer (PA6) 630 3 210
6 Conduct SQM (PA9) 576 3 192
7 IT system development (PAL) 540 5 108
8 Worker competence development (PA8) 405 4 101
9 Hedging (PA10) 324 4 81
10 Searching for a new customer (PA7) 270 4 68

3. RESULTS AND DISCUSSION

From this research, it was found that there were 32 risk events and 35 risk agentsidentified
in the gas processing plant. There are ten priority risk agents for prevention, namely: limited
information, spare part stock-out, dependence on one supplier, custom clearance problems, large
shipping lot sizes, social conflicts, customer cash flow problems, lack of worker competence, low
vendor competence, and exchange rate fluctuations.

The results that have managerial implications are preventive actions that can be proposed
to company management to be implemented into a reliable supply chain risk mitigation strategy.
The managerial implications of this study are discussed below.
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Local Vendor Empowerment

The gas processing plant's location is designed to be near a gas source or well for
economic reasons. Gas sources or wells are generally located in remote areas, so the gas processing
plant's location is also in remote areas. In this remote area, most of the population has a standard
of living below average. This low standard of living is influenced by the small numberof jobs and
the relatively low education level. This economic factor can trigger negative thingsfor the
company, such as theft of pipes, sabotage of gas lines resulting in complaints of contaminating
land or rice fields, bullying to outside suppliers who send materials, and demonstrations of road
closures to demand jobs for residents.

One of the proactive actions that companies can take to prevent these social conflicts is by
improving residents' economy. Economic improvement can be made through local empowerment
policies. This local empowerment can be granted to local vendors to participate in material supply
activities or supporting services. It is hoped that this material or service supply activity can provide
a multiplier effect for improving the surrounding residents' economy. The following local
empowerment that can be applied is to impose an obligation for large contractors to use local labor.
Apart from being beneficial to residents, this local empowerment can also speed up completing a
job or project in the company.

TVM (Total Vendor Maintenance) Contract

From the research results, it was found that one of the risk agents that need to beprioritized
in handling is the unavailability of spare part material in the stock warehouse. The company has a
policy not to stock spare parts in warehouses. Purchase of new spare parts is madeif there is damage
and requires replacement. This can cause the material to arrive late so that it takes longer to repair
damaged equipment. For equipment with a backup unit, this is not a problem, but if there is only
one unit in the main equipment designed, it can cause prolonged plant shutdowns and reduce
company revenue.

One of the proactive actions companies can take to overcome this is to develop the TVM
model contract. The company does not need to stock spare parts in the warehouse in this contract.
Spare part stocks are at authorized dealers. This model contract also provides maintenance
services so that companies do not need to provide their experts to carry out maintenance and repair
of damaged equipment. This TVM model contract will help the company maintain hundreds of
equipment in its gas processing plant at minimum cost.

Multi-sourcing and Vendor Development

From the research results, it was found that one of the risk agents that needed to be
prioritized in handling was dependence on one supplier. If one supplier experiences problems such
as a disaster, strikes at the supplier's place, and poor financial conditions, the company will also be
affected even if there is a bankruptcy. Companies need to find new suppliers so that the other
suppliers can back up if one experiences problems. The search for new suppliers can be done
through vendor development. The SCM department can carry outsourcing, namely looking for new
vendor candidates, conducting assessments both from an administrative and technical perspective.
After the vendor has passed these stages, it is included in the approved vendor list. Ifa vendor does
not meet the requirements but is considered potential, the company can foster the vendor concerned
until the vendor is declared to have passed. Multi-sourcing and vendor development programs
should be prioritized for potential vendors. Later, this program can also solve problems during the
material importation or custom clearance process, which often occurs.
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Developing a VMI Contract with a Penalty Scenario

From the research results, it was found that one of the risk agents that need to be
prioritized in handling is a considerable lot of material delivery. From field studies, it was found
that the company is very focused on continuous operation. The company issued a policy that fast-
moving materials such as chemicals should not out-of-stock. One of the company's things is to
develop a VMI (Vendor Managed Inventory) contract. This VMI model contract is useful for
maintaining stock levels in a safe condition and does not require special personnel from the
company to monitor relatively large numbers of fast-moving materials.

However, on the other hand, suppliers tend to send large quantities of material to maximize
profits from the concept of economies of scale. This supplier's motivation resulted in the delivery
of material exceeding the amount of use and excess stock. In the end, the material is not used and
expired.

One of the proactive actions that companies can take to overcome this is to develop a
VMI contract with a penalty scenario. In this model, suppliers will be subject to penalties if they
send and stock materials beyond a certain level. Of course, It will make suppliers more careful in
determining the number of material shipments.

Conducting S&OP (Sales and Operation Planning) by Involving Customers

From the research results, it was found that one of the risk agents that need to be
prioritized in handling is limited information. This limitation of information can lead to suboptimal
forecasting of material requirements and production planning. From field studies, it isknown that
customers often request a gas processing plant to change the volume of gas deliveriessuddenly.
When the volume changes drastically, there will be a lot of gas volume that must be disposed of
because of its nature, which is difficult to store. The discharge of this gas also impacts the
environment and has social impacts that lead to costs.

Companies can take proactive actions to anticipate requests for sudden volume changes
from customers, namely conducting S&OP by involving customers. This S&OP can be scheduled
regularly weekly. The benefit of doing this S&OP is that the company can find out in advance if
there will be a change in gas delivery volume.

Conducting SQM (Supplier Quality Meeting)

The research results found that limited information and low vendor competence were
included in the list of risk agents that need to be prioritized in handling. The lack of vendors'
competence can cause various negative impacts such as delays in delivery of materials or
completion of work. Besides, it is also the cause of the material's quality or works not according to
the order. The need for MRO material in the gas processing plant that is not well informed to the
supplier can cause delays in material delivery because suppliers cannot anticipate sudden changes,
especially for materials that have to be imported from abroad.

SQM is a way to overcome limited information and vendor competencies. At this event,
the company can submit a material requirement plan for some time to come. At this event,
companies can also provide feedback regarding supplier performance and provide input to be
better. SQM is useful for improving coordination in supply chain activities.

Hedging

The research results found that exchange rate fluctuations were included in the list of risk
agents that need to be prioritized in handling. If seen in the annual financial statements, the company
experiences losses due to foreign exchange differences. This loss can happen due to the
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difference in currency between the contract and the payment. The price of the gas sales contract that
applies internationally is determined in USD, while the payment is made in the local currency or
IDR. Likewise, the contract for purchasing imported materials is denominated in USD. Exchange
losses can occur when the company receives payments from customers when the USD weakens, or
the company has to pay to suppliers when the USD strengthens.

The proactive action that companies can take to reduce losses due to exchange rate
fluctuations is by hedging. There are several ways of hedging. The simplest one is to add a clause
in the contract to fix the exchange rate in a tight range. So the exchange rate used for payment does
not refer to the fluctuating foreign exchange market.

4. CONCLUSION

House of Risk can be implemented easily in practice. It can be used widely in any company.
There is no study to mitigate supply chain risk using the House of Risk method at a gas processing
plant from our best knowledge. This research also uses the latest Supply Chain Operation
References covering six processes: Plan, Source, Make, Deliver, Return, and Enable.

There are ten priority risk agents and ten priority preventive actions identified from this
research. Seven preventive actions are already discussed in section 3. Two preventive actions,
namely: IT system development and worker competence development, already progress. One of the
preventive actions, namely searching for a new customer, can not be implemented because of limited
plant capacity.

There are some suggestions by the authors in order to improve the next research. First,
precautions are taken to consider the resources available in the company. Second, the risk agent is
prioritized for prevention to consider the company's risk appetite. Third, it is necessary to examine
dependencies or linkages between risk events or risk events in further research. Lastly, in further
research, quantitative methods can be used to compare this study using semi-quantitative methods.
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ABSTRACT

PT. XYZ is a pharmaceutical company that produces intravenous fluids to support the national
health insurance program by participating in an e-catalog tender conducted by the
government. Many of the obstacles faced by companies come from activities related to the
uncertainty of the number of orders from customers with the e-catalog system. In addition,
the covid-19 outbreak in many countries has also caused uncertainty in the supply ofmaterials
imported by PT. XYZ. Therefore, it is necessary to identify risks and risk management to
overcome potential supply chain risks which have never been carried out by PT. XYZ.

In this study, designing a supply chain risk management framework for PT. XYZ. The risk
management design process goes through the stages of risk identification, risk analysis, risk
evaluation, risk treatment and preparation of recommendations for improvement. The method
used is the House of Risk (HOR) model, Supply Chain Operations Reference (SCOR) and
Root Cause Analysis (RCA). The results of identification of risk events in the supply chain
process obtained 55 risk events, consisting of 8 risk events in the plan process, 15 risk events
in the source process, 23 risk events in the make process, 4 risk events in the deliver process
and 5 risk events in the return process. The results of the identification of thecauses of risk
obtained 117 causes of risk. After calculating the phase 1 HOR model to calculate the
Aggregate Risk Potential (ARP) value, then use the Pareto diagram applicationto get the
cumulative total percentage of ARP. There are 24 selected risk causes, then 10 riskcauses are
selected. The recommendation proposed is to minimize machine mishandling dueto human
error factors, planning and setting production patterns if the realization of the e- catalog tender
is not in accordance with the agreed national commitment / umbrella contract and also the
efforts that must be made in case of problems / trouble in the production process.

Keywords: E-catalog, Demand & Supply Uncertainty, House of Risk (HOR), SCOR

1. INTRODUCTION

The emergence of uncertainty, both in terms of demand and uncertainty in the supply of
raw materials and packaging materials from suppliers, certainly has a huge impact on thecompany
and causes huge losses. For this reason, the company must know all potential problemsfor the
company due to uncertainty of supply and demand and prepare mitigation measures to
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reduce or eliminate these problems. Supply chain risk management is used to manage uncertainty
on the demand side as well as supply (Kouvelis et al. 2006). Currently PT. XYZ does not yet have
risk management related to supply chain activities, so it has never carried out risk identification
and risk management to address the risks that may occur within the company. Based on the above
conditions, research on supply chain risk management that will be carriedout at PT. XYZ uses
the Supply Chain Operation Reference (SCOR) method in identifying risks and their risk agents,
and uses the House of Risk (HOR) model to analyze the risks that occur coupled with the Root
Cause Analysis (RCA) method. The results of this study are expected to provide recommendations
for appropriate mitigation strategies as an effort to minimize or eliminate risks that may occur.

2. LITERATURE REVIEW
2.1 Supply Chain Management

According to Pujawan (2005) the supply chain is a network of companies that work together
to create and deliver a product into the hands of the end user. These companies usually include
suppliers, factories, distributors, shops or retailers, as well as supporting companies such as logistics
service companies.

Supply Chain Management or Supply Chain Management is an integrated application that
provides information system support to management in terms of procurement of goods and services
for companies as well as managing relationships between partners to maintain the level of product
and service availability needed by the company optimally (Anwar, 2013). SCM integrates order
delivery and processes, raw material procurement, order tracking, information dissemination,
collaborative planning, performance measurement, after-sales service, and new product
development.

2.2 Supply Chain Operation Reference (SCOR) Model

The SCOR model has developed supply chain risk management (SCRM). This model
presents a business process framework, work indicators, best practices and technology to support
communication and collaboration between supply chain partners, so as to improve supply chain
management effectiveness and supply chain improvement effectiveness (Paul, 2014).

SCOR s structured into five distinct management processes: Plan, Source, Make, Deliver,
Return; from suppliers to consumers. The approach in building SCOR consists of Process, Practice,
Performance, and Human Resources Skills. The application of the SCOR model effectively
contributes to efficient logistics in supply chain operations (Salazar, Caro, & Cavazos, 2012).

2.3 House of Risk (HOR) Method

The House of Risk is a renewable method of analyzing risk. Its application uses theprinciple
of FMEA (Failure Mode and Error Analysis) to measure risk gquantitatively combined with the House
of Quality (HOQ) model to prioritize risk agents which must be prioritized first andthen choose the
most effective action to reduce potential risks posed by agent risk.

The HOR model underlies risk management with a prevention focus, namely reducing the
likelihood of risk agents occurring. So the earliest stage is to identify risk events and risk agents.
Usually one agent can cause more than one risk event. Adapting from the FMEA method, the risk
assessment applied is a Risk Priority Number (RPN) which consists of 3 factors, namely the
probability of occurrence, the severity of the impact that appears, and detection.

The HOR method only establishes the probability for the risk agent and the severity of the
risk event. Because it is possible for one risk agent to cause more than one risk event, it is
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necessary to quantify the aggregate risk potential of the risk agent.

Adapting the House of Quality (HOQ) model to determine risk agents should be given priority
as a precautionary measure. A rating is given for each risk agent based on the amount of the ARP]
value for each risk agent j. Therefore, if there are many risk agents, the company can first select an
agent with a high potential for risk events. This two-spread model is called the House of Risk (HOR)
which is a modification of the HOQ model (Pujawan & Geraldin, 2009).

« HOR 1 is used to determine the priority level of risk agents that should be given as a
preventive measure
* HOR 2 s a priority in taking actions that are considered effective

3. RESEARCH METHODS

Data collection was carried out through brainstorming and interviews with a team of experts
who master the field of supply chain. Data processing begins with the mapping of the company's
supply chain activities using the SCOR method, which consists of Plan, Source, Make, Delivery
and Return.

From the company's business process activities, risks that occur and those that have the
potential to occur are identified. Each risk is analyzed further to find a risk agent and the
consequences caused by these risks. Next is a weighted risk assessment to determine the severity of
each risk; the degree of occurrence of a risk agent; as well as the correlation value between risk events
and risk agents (causes).

The next stage is the calculation of the Aggregate Risk Potential (ARP) value to determine
the ranking and risk prioritization, namely determining the order of risk agent priorities which are
important to be mitigated.

The determination uses the Pareto Diagram, where the risk agent who dominates 80% means
that it must be mitigated. Thus HOR 1 is completed until the determination of the ARP value. HOR
2 aims at planning a mitigation strategy, which provides guidelines for which risk agent companies
should be mitigated first based on the level of effectiveness and ease of implementation based on the
effectiveness to difficulty ratio; each of which is assessed in terms of weight.

Before starting the calculation, the researcher must identify the preventive action that can be
done to overcome the risk agents in the company. One action can solve several risk agents, and one
risk agent can be completed by several actions, so weighting is very useful in this step. The result
of the House of Risk method is to determine the mitigation strategy that should be implemented by
the company first.

3.1 Data Collection

Risk identification is carried out to determine the risks that occur in company activities that
have the potential to occur and can affect the company's supply chain activities. Identification is
carried out based on supply chain activities using the SCOR method which consists of plan, source,
make, deliver, and return. Risk identification is carried out by interviewing a team of experts in the
field of supply chain including the marketing team, supply chain management and the production
team.

Based on the supply chain activities in Table 1, the identification of risk events and risk agents
is carried out and an assessment of the determination of severity, occurrence, and correlationvalues.
Table 2 contains the identification of risk events, and Table 3 contains data which is the identification
of risk agents.

12



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

Table 1. Flow of PT XYZ Supply Chain Activities Based on Business Processes

Process Activity

Forecasting product demand from customers

Production planning and control

Plan . . . . . .
Calculating material requirements (raw materials and packaging materials)

Control material inventory and finished products

Planning the procurement of goods

Create a purchase requisition

Create a purchase order

Supplier receive a purchase order

Source - -
Supplier make delivery of the order

Receipt of raw materials

Rejection (returns) of raw materials that do not comply with standards
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Make material requests to the material warehouse
Receive raw materials from the material warehouse
Weighing Process (weighing)

Mixing Process

Make The process of making bottles (Blow-Fill-Seal or BFS system)

Sterilization Process
Packaging Process
Inspection Process (Quality Control)

The process of transferring the finished product to the Finished Goods warehouse

Receive Purchase Orders from distributors

Update product release availability (inspection from QA)
Transporter selection

Delivery of finished products to distributors

Deliver

Return of finished products from distributors to factories
Return Return of finished product from factory to distributor
Return of material from factory to supplier

Table 2. Risk Event

Process Activity Code Risk Events

Forecasting product demand from

E1 | The sales realization can be smaller or bigger than the target
customers

E2 | The production realization was less than the target

Production planning and control - -
E3 | Production planning changes frequently

Calculating the need for raw

. . . Calculation data is not accurate
Plan materials and packaging materials B4

E5 | The stock of finished products is very high

Control material inventory and E6 | There was a shortage of the finished product stock

finished products E7 | Material inventory is very high

E8 | There is a shortage of material for production

E9 Forecast error

Doing Procurement Planning E10 | Delayed Delivery Process
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Source

E11 | Production Plan Changes

E12 Er_ror entering data in the system (due date, supplier, code,
Make a Purchase Requisition price)

E13 | Delay in making Purchase Requisitions

E15 Purchase Order missed (not made) / late delivery to the

supplier

Supplier receive a Purchase Order | E16 | Supplier did not receive a purchase order from the factory

E17 | Raw materials sent do not match the list of Purchase Order
Supplier do Order Delivery

E18 | Raw materials ordered are out of stock

E19 | Late delivery of raw materials from suppliers

E20 | Logistics costs are relatively expensive
Receipt of raw materials E21 E;Sv: irgs;zg;losnn(erc;g%j do not meet specifications and do not
Rejection (returns) of raw E22 | Additional costs for eliminating B3 waste
materials that do not comply with
standards

E23 | There was a shortage of raw materials in the warehouse
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Process Activity Code Risk Events
E15 Purchase Order missed (not made) / late delivery to the
supplier
Supplier receive a Purchase Order | E16 | Supplier did not receive a purchase order from the factory
E17 | Raw materials sent do not match the list of Purchase Order
Supplier do Order Delivery E18 | Raw materials ordered are out of stock
E19 | Late delivery of raw materials from suppliers
E20 | Logistics costs are relatively expensive
. . Raw materials received do not meet specifications and do not
Receipt of raw materials E21 pass inspection (reject)
Rejection (returns) of raw E22 | Additional costs for eliminating B3 waste
materials that do not comply with .
st:nija?dss at do not comply E23 | There was a shortage of raw materials in the warehouse
Make a list of material requests to | E24 | The items ordered do not match (number and lots)
the material warehouse E25 | The raw material has not been released
Receive raw materials from the £26 Material sent from the warehouse is not in accordance with the
. picking list (number and lots)
material warehouse
E27 | There are raw materials that are damaged
E28 | Error in the process of weighing raw materials
Errors in the verification process based on the master
E29 management procedure (PPI)
Weighing Process (Weighing) g proc - -
E30 | Error in the labeling process of weighed raw materials
E31 Read errors in the reconciliation verification process (used
materials and remaining materials)
Make E32 | There was mixing machine downtime
Mixing Process The results of the test solution levels do not match the
E33 | standards
E34 | There was a mix up with the results of the previous solution
Blowing, Filling, Sealing Process E35 | There was a downtime on the BFS machine
(BFS) E36 | The product has leaked
E37 | The autoclave machine is downtime
E38 There was a mix up between the product that entered the
Sterilization Process sterilization pr(_)cess and the prewous. product _
E39 There was a mix up between the sterile and non-sterile
products
E40 | Miss arrangement of product on the sterilization rack
Packaging Process E41 | Error in entering product in outer box
ging E42 | Error in labeling process
Inspection Process (quality E43 | There is a defect in the product
Make control) E44 | The product has leaked
Transfer the finished product to E45 | Delay in delivery from the production unit
the Finished Goods warehouse E46 | There is a defect in the product during the transport process
Receive Furchase Orders from E47 | Not receiving purchase orders from distributors
. distributors
Deliver » -
Inspection from Quality E48

Assurance Transporter selection

Passing date inspection longer / late
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Process Activity Code Risk Events
Delivery of finished products to E49 | Transporter performance is not good (price, timeliness, billing
distributors process)
E50 | Late delivery to distributors
Return of finished goods from E51 The finished goods are dgfegtive / expired or are damaged
distributor to factory when they arrive at the distributor
Return DeIivgry of fi.nis_h ed goods from — 'Il_'zteefciir?il;\r/liziy;:)ogﬁtt:;Itbhuatto |rss used to replace out of stock
factories to distributors E53 damage
Delivery of material from the E54 | Material does not pass QC inspection
factory to the supplier E55 | Long shipping process
Table 3. Risk Agent
Code Risk Agent
Al Marketing forecast mismatch
A2 There is a seasonal demand during the dengue fever symptom season
A3 The realization of the e-catalog tender was not in accordance with the contract
A4 Sales focus on the total target, real orders per item are ignored
A5 Production is more in products with high sales
A6 The production plan only focuses on product items whose sales are large, even bigger than the initial
plan
A7 There is a problem or trouble in the production process
A8 There was a change in demand from marketing
A9 Changes in regulations from the POM (BPOM)
Al10 There are other alternatives from suppliers
All There is a product development process from the development department (Technical)
Al2 The supplier's unpreparedness will change the production schedule given by the factory
Al3 Preventive maintenance less effective
Al4 Mishandling of the machine (human error)
Al5 Error in data entry (code, due date, etc.) into the system
Al6 Users are late in entering price changes into the system
Al7 User does not make Purchase Requisition according to the schedule specified
Al8 User does not make Purchase Order according to the specified schedule
Al9 An error occurred while accessing email and fax or the internet network was disconnected / problematic
A20 The company's target budget limit has not been reached
A21 An unfocused or careless operator
A22 Errors in reading the specifications of the goods ordered on the purchase order
A23 Quality Agreement which has not been planned and agreed upon
A24 Sudden change in production plans
A25 The factory is less active in following up on orders for raw materials to suppliers
A26 Users are missed / late in sending the latest forecast demand
A27 There was a natural disaster in the country
A28 The production process was stopped for about 1 month
A29 Changes in policies from authorized officials related to government regulations (Customs rules, BPOM
etc.)
A30 Difficulty in finding transportation modes during high season (Christmas, Eid and New Year holidays)
A31 There are products that require a special mode of transportation (cooling truck)
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Code Risk Agent

A32 Damage to the mode of transportation

A33 There was a problem on the way (traffic jam, etc.)

A34 Equipment malfunction at the port

A35 Unfavorable weather

A36 Transportation costs set by authorize

A37 The order submitted is less than the vehicle's load capacity

A38 Quality Agreement that has not been planned and agreed upon

A39 The absence of initial information from suppliers regarding constraints in production
A40 There are differences in specifications, methods / testing methods from suppliers
A4l Operators are less careful in operating handling tools (forklifts, trucks, etc.)

A42 The trucks used do not match the qualifications (dirty or damaged)

A43 The capacity of the reject raw materials is too much

Ad4 There is an internal problem from the supplier (constraints on the supply of raw materials from the

supplier)

A45 Raw materials sent do not meet specifications

A46 Error in entering the number of lots of items to be ordered into the system

A47 Server from the center down

A48 UPS failure (backup server)

A49 Missed in the process of changing the status of quarantine items to release

A50 The number of material queues to be tested

A51 Limited human resources

Ab2 Broken testing equipment

A53 Error in taking / determining lots (not in accordance with FIFO / FEFO rules)

Ab4 The forklift operator made the mistake of placing the same material from the truck
Ab5 Operators are less careful in operating handling tools (forklifts, trucks, etc.)

A56 The trucks used do not match the qualifications (dirty or damaged)

A57 Errors in recording the results of the scale

A58 The scale has not been calibrated

A59 A scale that is used too often without regular maintenance

A60 Exhausted operator (a large amount of material verified)

Ab61 There is no two-person verification

AB2 The formula values listed on the PPI are almost the same from one material to another
AB63 Error in writing labels on raw materials

Ab4 Errors in the weighing process are not sorted according to the PPI

AB5 Weighing two or more materials at the same time (same characteristics)

A66 The operator does not label the bag of material directly after the weighing process
AB7 The operator (note taker) is unclear or difficult to read

A68 Breakdown mechanically on parts that are worn or damaged in the mixing machine
AB9 The software program on the mixing machine error

AT70 Utility supply for unstable mixing machines (electricity, cooling water, steam, temperature, etc.)
AT71 Does not adhere to the order of mixing the ingredients in the solution preparation procedure
AT72 There was a malfunction in the temperature regulation

AT73 There is no SOP that regulates this process

AT74 Different operator capabilities

AT5 There is no SOP that regulates this process

AT76 Weighing checker error
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Code Risk Agent

AT7 Operator incorrectly reads the lot scale on the weighing checker

AT78 There is no process of checking directly into the tank

AT79 Mechanical breakdown of worn or damaged parts in BFS engines

A80 Software program on BFS machine error

A81 Utility supply for unstable BFS engines (electricity, cooling water, steam, temperature, etc.)
A82 There was a design error (feasibility study)

A83 Increase quality and cost saving

A84 Increase engine capacity speed

A85 Fatigue operator (large number of products inspected)

A86 Breakdown mechanically on worn or damaged Automatic Leakage Tester (ALT) machine parts
A87 The software program on the Automatic Leakage Tester (ALT) machine error
A88 Breakdown mechanically on worn or damaged parts in the autoclave machine
A89 Software program error on autoclave machine

A90 Utility supply for unstable autoclave machines (electricity, cooling water, steam, temperature, etc.)
A91 There was a leak in the steam line

A92 There was a malfunction in the temperature regulation

A93 Heating and abnormal cooling

A94 There is no line clearance checklist

A95 No before / after sterile product marking

A96 There is no SOP that regulates this process

A97 Batch marking error from the quality control team

A98 Error in taking labels

A99 Wrong printing label from supplier

A100 The warehouse sent the wrong type of label

Al101 Change of old production machines to new machines (machine reconditioning)
A102 The resulting product is reject / leak

A103 The operator is wrong in mixing the raw materials

Al104 An incorrect procedure occurred in the CIP / SIP process

Al105 There is no line clearance process

A106 Breakdown mechanically on part handling equipment

A107 Maintenance of ineffective handling tools

A108 Operators are less careful in placing on the rack

Al109 Breakdown mechanically in part handling

Al110 There are indications of abnormalities US

Alll The production process report has not been completed (recorded)

All2 Transporter management is not professional

Al13 Fleet not available

All4 The order submitted is less than the vehicle's load capacity

Al15 The product needed was not produced

Al16 There was a process abnormality at the supplier

Al17 The vehicle is not available because the load is always full

3.2 Data processing

After the identification is carried out, then conduct an assessment (assessment) of the

severity level, namely the severity of a risk event and an assessment of occurrence, namely the
level of chance for a risk event to occur on a scale of 1-5 each. based on the values 1, 3, 9 can be
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seen in table 4 Risk agent based on the value of potential risk agents and their ratings can be seen
in table 5.
Table 4. HOR-1

Risk Sev
Agent e

P1| P2| P3| P4| P5| P6| P7| P8| P9| P1|P10|P10|P10|P10 | P10| P10|P10 | P10|P10|P11|P11|P11|P11|P11|P11|P11|P11 | rity
0|1 2 3 |4 5 6 |7 8 9 0 1 2 3 |4 5 6 |7

El1|9 3 9

E2 9

E3 9

E4 9

E5 | 9

E6 9

E7 | 9

E8 9

E9 | 9 3 9

E10 9 9 1 1

E1l| 9

E12

Risk

E13

El4

E15

E46 9

E47

E48 9 9

E49 3 9

E50 9

E51

E52

E53 1

E54 9

W DWW DWW WWNWASBAS D SASO|O|o] S SO N

E55 3

Occuran | 4| 2| 4| 2| 2|2(3|4|2|2|2|2|2|1|21f2|2|2|2|2|1|2|2]|3|2]|2]2
ce

AR 792 481468 16 | 72| 72|10 (144 8 | 8 9 | 54 (54| 27| 27| 54| 54| 18|54 (54|27 (18| 54| 81| 6 | 72| 18
2 8

P
Rank

In determining the priority of the causes of risk, it is done using the Pareto diagram method
to show a problem using the order of the number of events with the 80-20 rule. This rule means
that about 80% of the effects are caused by 20% of the problems. Thus, from 117 causesof risk,
approximately 24 causes of risk will be generated. In this study, the selected risk potential results
only took 10 risks that had the greatest impact on the continuity of supply chain activities at PT.
XYZ

Table 5. Risk Agent Based on ARP and P rank

Code Risk Agent ARPj Rank
Al Marketing forecast mismatch 792 1

The realization of the e-catalog tender was not in accordance with
the umbrella contract

Al4 Mishandling of the machine (human error) 384 3

Difficulty in finding transportation modes during high season

A3 468 2

A . . . 234 4
30 (Christmas, Eid and New Year holidays) 3
AB5 Operators are less careful in operating handling tools (forklifts, 216 5
trucks, etc.)
A4 Sales focus on the total target, real orders per item are ignored 162 6
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A8 There was a change in demand from marketing 144 7
A24 Sudden change in production plans 135 8
A21 An unfocused or careless operator 132 9
A7 There is a problem or trouble in the production process 108 10
Pareto Diagram (selected)
S00 100%
800 S0%
700 o
600 70%
60%
o 500 B
— 50% =
BE!

300
200
100

P1 P3

20%
----- v
0%
P14 P30 P55 Pa P8 P24 P21 P7

Risk Agent

Figure 1. Pareto HOR-1 diagram

The Pareto diagram gets 10 risk agents which are the main causes in supply chain activities
at PT. XYZ. Based on the risk agent obtained, there is a Preventive Action that can be applied in
activities to solve problems that occur. This is shown in Table 6. Then the correlation matrix
between risk agents and preventive action in HOR 2 is mapped, as stated in Table 7.

Table 6. Risk Agent Based on ARP and P rating

Code Causes of Risk Risk Response Measures PA code
Integrate a software or web system that can be accessed
p1 Marketing forecast mismatch by the PI_DIC team_ and the r_narketing team so that the PAL
forecast information compiled can be known by both
parties with the same information and real time
A comprehensive sales data analysis from the marketing
team is needed (business data analysis), including a
strategy to create order opportunities so that the products
The realization of the e- that have been prepared can be absorbed by the market,
catalog tender was not in so that the production process in the factory is not
P3 ) i PA2
accordance with the umbrella | disrupted.
contract And also communicate any sales changes that occur to
top management and also SCM in the factory so that
adjustments to production planning, material needs and
inventory control both material and product can be made.
P14 Mishandling of the machine The main cause of machine damage by humans is a lack PA3
(human error) of knowledge in operating the tool or machine.
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Code Causes of Risk Risk Response Measures PA code
Therefore, the operator in charge is obliged to study
and understand the manual book of machine operation
and also should be given training before operating the
tool, so that damage caused by human error can be
minimized.
Difficulty in finding Maximizing delivery before the “D” day, placing
transportation modes during truck orders and planning for early delivery (D-10) as
P30 ; ! . . . L - e PA4
high season (Christmas, Eid well as more intensive coordination with the receiving
and New Year holidays) branches.
Operators are less careful in Re-socialize work tools operational SOPs and impose
P55 operating handling tools sanctions in the form of verbal and written warnings if PA5
(forklifts, trucks, etc.) operators are careless in their use.
Sales focus on the total target, | It is necessary to update the forecast every month, so
P4 real orders per item are that the production plan can adjust to the needs of PA6
ignored each product item and total sales
Make adjustments to the production plan and review
There was a change in material requirements again, so that inventory levels
P8 . - . . . PA7
demand from marketing are still in a safe condition (in accordance with
regulations).
Required provisions governing the process of revising
Sudden change in production the daily production schedule_, for example, at Ieas_t 1
P24 day before the process is carried out, so that there is PA8
plans .
enough time for the related department to prepare all
the needs / documents for changes.
Approaching workers to find the reasons why they
cannot work with focus and thoroughness, and
An unfocused or careless ; o : .
P21 operator provide training according to the needs of workers in PA9
both formal and outdoor activities for just
refreshment.
Investigate every trouble / problem that arises,
There is a problem or trouble whether the engine trou_ble i_s caused due to human
P7 error, use / age factor (life time) or due to lack of PA10

in the production process

maintenance and make corrective steps so that the
same trouble does not appear again.
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Table 7. HOR-2
Preventive
Action
PA1 PA PA PA5 PA PA PA PA PAl1 ARP
2 3 6 7 8 9 0
P1| 3 792
P3 3 468
P1 9 384
4
_|P3 3 234
8 0
= | P5 9 216
Q15
=[P4 3 162
% P8 3 144
(@)]
I [ P2 3 135
~ |4
(7]
o P2 9 132
1
P7 9 108
T 2376| 1404 | 3456 | 702 | 1944 | 486 | 432 | 405 | 1188 972
E
D 4 5 3 3 3 3 3 3 4 4
ETD | 594 | 281 | 1152 234 | 648 | 162 | 144 | 135 | 297 | 243
Rank 3 5 1 7 2 8 9 10 4 6

Information:

PA: Risk Response Action ARP: Aggregate Risk Potential
P: Causes of Risk TE: Total effectiveness of risk response
measures D: Difficulty level of implementing

risk response measures ETD: The ratio of effectiveness to

difficulty Rank: The ranking of the effective
risk measures

Table 8. Priority for Preventive Action of PT. XYZ

Rank

Code

Risk Response Measures

PA3

The main cause of machine damage by humans is a lack of knowledge in operating the tool or
machine. Therefore, the operator in charge is obliged to study and understand the manual book
of machine operation and also should be given training before operating the tool, so that
damage caused by human error can be minimized.

PA5

Re-socialize work tools operational SOPs and impose sanctions in the form of verbal and
written warnings if operators are careless in their use.

PA1

Integrate a software or web system that can be accessed by the PPIC team and the marketing
team so that the forecast information compiled can be known by both parties with the same
information and real time
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Approaching workers to find the reasons why they cannot work with focus and thoroughness,

4 PA9 and provide training according to the needs of workers in both formal and outdoor activities
for just refreshment.
And also communicate any sales changes that occur to top management and also SCM in the
5 factory so that adjustments to production planning, material needs and inventory control both

material and product can be made.

Investigate every trouble / problem that arises, whether the engine trouble is caused due to
6 PA10 | human error, use / age factor (life time) or due to lack of maintenance and make corrective
steps so that the same trouble does not appear again.

Maximizing delivery before the “D” day, placing truck orders and planning for early delivery

7 PA4 . . o - L
(D-10) as well as more intensive coordination with the receiving branches.

8 PAG It is necessary to update the forecast every month, so that the production plan can adjust to the
needs of each product item and total sales

9 PA7 Make adjustments to the production plan and review material requirements again, so that

inventory levels are still in a safe condition (in accordance with regulations).

Required provisions governing the process of revising the daily production schedule, for
10 PA8 example, at least 1 day before the process is carried out, so that there is enough time for the
related department to prepare all the needs / documents for changes.

This priority sequence then provides direction for the company regarding the steps that need to be
taken to overcome the risk agent in order to prevent risk events in the process at PT XYZ.

4. RESULTS AND DISCUSSION

There are several types of risks that may occur in a company, one of which is supply chain
risk. There are several ways that can be done to measure supply chain risk, including House of
Risk (HOR), SCOR and Root Cause Analysis (RCA). House of Risk combines the FMEA method
with HOQ (House of Quality) into a simple quantitative calculation to map risks based on their
priorities. The calculation is simple, but this method takes into account things that are not taken
into account in FMEA, for example the possibility of a risk agent causing morethan one risk
agent or vice versa risk events caused by several risk agents. This method paysmore attention
to risk agents, where the mitigation plan (preventive action) is based on a priority risk agent.

Based on the risk agent's priority problems based on the Aggregate Risk Potential value
and the Pareto Diagram, there are several preventive actions that can be considered as a solution
to the problem. The calculations in Table HOR 2 have provided direction regarding the priority
of mitigation actions that the company should take.
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5. CONCLUSION

Based on the identification results of risk events (risk events) in the supply chain business
process of PT. XYZ obtained 55 risk events, 117 risk causes (risk agents) with a probability level
of risk (occurrence) and correlation value for each risk event (risk event) which will be processed
in the House of Risk-1. Results of the House of Risk-1 is processed using the Pareto diagram,
where 10 selected risk agents will be selected as priority risk agents for preventive action according
to the top ranking.

The results of the House of Risk model phase 2, there are 10 preventive actions which are
then calculated the ETD value. Furthermore, the ranking is carried out according to the highest to
lowest ETD values. Following are the preventive actions that are sorted by top ranking. Based on
the Pareto diagram, of the 117 causes of risk, there are approximately 24 causes of risk. Of course,
this figure is quite a lot so it is possible not to focus on the potential that has a major impact on
supply chain activities. Therefore, in this study the results of selected risk potentials only took 10
risks that had the greatest impact on the continuity of supply chain activities at PT. XYZ.
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ABSTRACT

An effective cooperation mechanism between manufacturer and retailer is needed to reach
maximum profit for both parties in the supply chain management. Some of commonly used
mechanisms in cooperation system are delay in payment, price discount, and so forth. In
permissible delay in payment, the vendor (manufacturer) will provides a certain period for
buyer (retailer) to settle their balance without any additional interest charges. The
transportation cost in supply chain are usually considerably implicitly as part of ordering cost,
even though in the fact that transportation costs are one of the dominant factors causing total
operating cost to increase. This research aims to develop a cooperation whichis constructed
based on two mechanisms, the first one is delay in payment, while the secondone is the
transportation cost discount. The duration of delay in payment and shipment lot size which
becomes the decision variable. The research method used numerical calculations for two
cases of delay in payment models and considered the discount scheme into the calculation to
obtain a mechanism model with optimal result. Furthermore, the sensitivity analysis was then
conducted to examine the parameter changes towards the developed model. By combining
delay in payment and transportation cost discount, the result of numerical calculation shows
lower total cost of the supply chain system compared to a calculation with only one
coordination mechanism.

Keywords: supply chain, permissible delay in payment, discounts, transportation cost.

1. INTRODUCTION

Supply chain management (SCM) is important for manufacturing and service companies to
improve competitiveness and sustainability. One of the form coordination that could have applied
to minimize total costs in supply chain is the Joint Economic Lot Sizing (JELS). According to
Aljazzar et al, (2016) coordination is the matter that determines the sustainability of supply chain
players, so that it can be a key to the company's success in reducing operational costs. As a result of
good coordination in determining supply and demand, this will reduce unnecessary costs and
increase sales will also be obtained due to increased supply chain profitability. Goyal (1988),
examined JELS for supply chain in two level player (vendor-buyer). Hill (1997), and Jaber et al.
(2010) also develop the model of JELS for two level supply chain. Three of them produced three
different manufacturing production policies. Aljazzar et al, (2015) compared the three policies and
used delay in payment as a form of coordination. Aljazzar et al, (2017), said although JELS can
minimize total costs of supply chain, but not all players get the benefit because the value of
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savings is only collected on one of the players. Therefore, the coordination scheme must contain
incentives to attract buyers.

Permissible delay in payment is a payment mechanism with a reduction in payment delays
for a certain period of time without any interest charges given by the vendor to the buyer. This will
be different if the buyer makes a payment beyond the time limit given by the vendor, then the buyer
will be charged interest. Within the period of postponement of payments provided by the vendor, it
will indirectly make the buyers invest their loan in risk-free investment up to the time limit allowed.
Some researchers use delay in payment as a form of coordination in the supply chain. Goyal (1985)
became the first scientist to model of delay in payment to find the optimal economic order quantity.
The result of the research was that information obtained when the supplier gave a delay in payment
to the retailer without any interest, it caused an increase in the interval replenishment. Chung et al
(2005), Jaber and Osman (2006), adopted a delay in payment model too. They focused on
determining the optimal lot size as a function of objectives. Then, Goyal et al (2007) again developed
a model for determining the economic order quantity by applying a progressive interest scheme on
delay in payment. Aljazzar et al, (2016) utilized a delay in payment coordination mechanism in a
three-level supply chain model. Aljazzar et al, (2018), Ibrahim and Putri (2019) adopted the delay
in payment model as a mechanism to reduce supply chain carbon emissions. Several recent studies
have combined delay in payment with other coordination methods. Moussawi-Haidar et al, (2014)
combined the form of delay in payment witha discount interest rate. Ibrahim and Suparno (2017)
created a delay in payment model and penaltycontracts in the three-echelon supply chain.

According to Zhao et al., (2004), when the product was shipped to a buyer, there were
transportation costs which must be incurred. In the traditional concept of economic order quantity,
transportation costs were included in production costs or with ordering costs. In fact, transportation
costs were not always constant, so it was necessary to consider transportation costs as a variable. As
a form of buyer loyalty, vendors could provide discounts for transportation costs. Giving a discount
was one of the methods often used by sellers to attract buyers to make purchaseswith a larger number
of lots than their economic orders. There are two types of quantity discounts that can offered by
vendor to buyer. Those were all-unit quantity discount applies to the entire lot in each purchased
order. Meanwhile, for the incremental discount model, this only applied if the number of buyer's
orders was within a certain amount range. Several studies have applied a discount mechanism with
other forms of coordination in the supply chain. Tsao and Lu (2012) studied supply chain networks
by considering discount in the transportation cost. Chang (2013) developed a form of determining
the lot size by using a mixed discount case on freight and quantity. Ertogral et al, (2007), Kim and
Sarkar (2017) used the form of an all-unit quantity discount on transportation costs for lot sizing and
supply chain stochastic models. Huang et al, (2007), Aljazzar et al, (2017) in the supply chain which
combine of delay in payment with cash discounts and price discounts.

In this research, a two-level supply chain coordination concept (manufacture-retailer) will
be developed delay in payment with considering transportation cost discount. The delay in payment
mechanism in this study refers to the supply policy of Jaber et al, (2010), with a mathematical model
referring to research by Aljazzar et al, (2015). Furthermore, the transportationcost discount scheme
uses the all-unit quantity discount type, referring to research by Ertogral et al, (2007). Two scenarios
that represent the delay in payment problem in the supply chain system will be simulated using
Wolfram Mathematica 9.0. Then, a discount scheme will be applied in each case and the total supply
chain cost is calculated. The results of these calculations will look for scenarios that produce the
minimum total supply chain costs.

28



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

The organizational form of scientific research is as follows. Section 2 will examine the
methods used in the research, including assumptions, notations, and mathematical model
formulations. Section 3 will contain the results of the calculation simulation from the developed
model and discussion and analysis of several parameters to the optimal solution of the calculation
results. Section 4 contains conclusions and advices for research in the future.

2. METHOD

2.1 Notations and Assumptions

The following below is a notation of each parameter in this study:
i : Players in supply chain (m: manufacturer, r: retailer)

Ai : Setup / ordering costs incurred by players to the party i

Ci : Production / purchasing costs incurred by players to the party i

hi : Financial holding cost per item players i

Si : Storage (physical) holding cost per item incurred by players to the party i

Q : Ordering quantity retailer

n : Amount of shipments by manufacturers to retailers per cycle

t : The time period of delay in payment allowed by the manufacturer
T : Time when retailer settle their balance to manufacturer

oi : Return of invested for the player %’

P : Production rate for manufacturer

D : Demand rate for retailer, D <P

T - Length of cycle. ;_ @

D
Uj - Unit transport cost to j, (j=1,2,3,....j)
oj : The quantity range of transport cost

This research has assumptions:
e Asingle product type.
Demand is deterministic and constant over time
Shortages unpermitted
Demand of retailer are lower than level production of manufacturer
The holding cost consists of storage dan financial holding cost.
Manufacturers offer retailers a period of delay in payment and transportation cost
discounts.
Vehicles (trucks) that are used pass through the same lane.
e Retailers invest debts to manufacturers in risk-free investments during the permissible
period.
o Retailers pays the balance in a single payment.

2.2 Model Formulation of Permissible Delay in Payment

Mathematical models are formulated with the aim of obtaining the optimal decision
variables in the supply chain with several considerations. In this study, manufacturing is assumed
to be able to deliver to retailers even though the production process is ongoing. Moreover,
manufacturers will start production when the inventory level hits zero.

Scenario 1 : D£r=r££
D
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In this scenario, manufacturer gives retailer the time period t to settle their balance without
any interest expense. Then, the retailer makes payments in the time period t, where the time of
payment is right at the end of the delay in payment permitted by the manufacturer t (t = 1). Total
annual cost of manufacturer composed of set up, production, holding cost (physical and financial),
and opportunity cost, as follows:

V' =222+ CuD + (i + 5m) 2 (0 + 1= 2) + hntD + (G- = Cu) DeBn — ,DePn(=0 (1)

In the retailer, total annual cost composed of order, purchase, holding cost (financial and
physical), and interest earnings, as follows:

W' =224 CD +hr%+%’ﬂ+ﬁ_ﬂ(l—esﬂt‘} 2)

Total annual cost of the supply chain system is sum of total annual costs manufacturers and
retailers. Here is the total system cost:

e = “"“”+r: mD + (i + 5p) 5 (1 + 1 = T2) + hntD + (€, — Cpy)De®m — C,De’m™=1) 4

(g-pt)*
rag T3 @+ —CD(1—efm) 3)

From equation (3), then the first derivation is made of Q, until the following equation is
generated:

o = \} zn[”r—‘:"har]ﬂlr(m}z @

n,.+s,.+[.':,,t+smj[n+1-%n}

To minimize the equation for the total annual cost system, therefore equation (3) is first
derived from n and equated to zero, so that the following is obtained:
p_1 24, D

n == |[———- d
@ o) Chat5m) (1=3) ©®)

Scenario IT - [}iﬁr{rgg
D

In this scenario, manufacturer gives retailer the time period t to settle their balance without
any interest expense. However, the retailer made payments on the time period z, where that period
exceeds the time limit given by the manufacturer t (+ < 7). Therefore, in this case, the retailer must
provide a certain amount of compensation (interest expense) to the manufacturer. Total annual cost
of manufacturer consists of set up cost, production, holding cost (physical and financial),
opportunity cost, and interest income delay in payment, as follows:

U = "2+ CouD + (i +5m) 5 (n+ 1= 75) + hyntD + (€ = Cp)DePnt — C, D=0 (6)

Total annual cost of retailer composed of order, purchase, holding cost (financial and
physical), and interest expense for delay in payment, as follows:

A.D 01y -
U =224 CoD + b 0+ Q4 CoD(en(0) — BT 7

Total annual cost of the supply chain system is sum of the total annual costs manufacturers
and retailers. Here is the total system cost:

Wsc" =22+ CuD + (i + 5m) 5 (R + 1= 77) + kD + (Cr — Cp)De®" — (e =0 4

4D ‘323” +2Q + C,D(e5n(™D) — gbrm) (8)

For the Q equation in scenario |1 this is the same as equation (4), and it is only necessary to
change t with t. Moreover, to minimize the total annual cost system equation, equation (8) is derived
first from n and equated to zero, so that the following equation is obtained:
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ZAmD

— @)

nm_1
2 af (hm+5m)(145)

n =

2.3 Formulation of Transportation Cost

The discount scheme in this paper uses all-unit quantity discount type. Scheme structure of
transportation discount in this paper is similar to Ertogral et al, (2007), which transportation cost as
a function of the shipment lot size, and the unit transportation cost structure is shown as follows:

Us D, 0=0Q=m
U1 D. w=Q<=w
TC=4 U:D. wm=Q<wm (10)
UD. <Q
Where the valueof UO>U1>U2> ...Uj, sethat the total annual cost system in equations
(3) and (8) needs to be added with the transportation cost (TC) as follows:
Ysc' =¥m' +P +TC (11)

3. RESULTS AND DISCUSSION

We calculate from the model that described in the section above. The input parameter values
used in this study refer to Aljazzar et al, (2015) : D =411; P = 1200; Am = 200; Ar= 30; Cn=15; C;
= 20; hm = 0.0082; hr = 0.011; sm = 0.025; sy = 0.033; km = 0.0003; kr = 0.0006. As for the discount
scheme used in this study, this refers more to Ertogral et al, (2007), as shown in Table 1.

Table 2. Structure of Transportation Cost

Range Unit Transportation Cost
0=0 <400 0.4
400 = Q < 300 0.25
800 < < 1200 0.17
1200=0) 0.14

Numerical calculations were carried out using Wolfram Mathematica 9.0 on two delay in
payment scenarios that consider the transportation cost discount and there is an additional scenario
where there is a delay in payment without considering the transportation cost discount (Scenario
0). The aim of calculation which determine the supply chain system that will result minimum total
annual cost. Decision variables in this paper is length of the delay in payment period and shipment
lot size.
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Tabel 3. Numerical Results

Scenario n Uj Q t T ¥ k 23 Vs

0 3 - 664 2 2 21.58 | 832143 | 3403.01
1 0.14 | 1497 4 4 111.42 | 8291.57 | 8402.99

) 0.14 | 1200 3 3 91.72 | 8293.13 | 8384.90

0.17 | 1004 3 3 90.94 | 8304.57 | 8395.51

0.14 | 1200 3 3 0328 | 8293.13 | 5386.46

I 3 0.17 800 2 2 81.21 | 8308.59 | 8389.80
0.25 739 2 2 21.15 | 8341.51 | 8422.66

0.14 | 1200 3 3 100.56 | 8293.18 | 8393.70

4 0.17 800 2 2 81.31 | 8308.59 | 8389.90

0.25 664 2 2 T8.45 | 834259 | 8421.04

1 0.14 | 1326 1 5 103.99 | 8297.17 | 8401.16

. 0.14 | 1200 1 4 07.32 | 8296.21 | 8393.53

I 0.17 | 1019 1 3 8536 | 8309.04 | 8394.40
0.14 | 1200 1 4 88.85 | 8296.21 | 8385.09

3 0.17 800 1 2 78.44 | 8310.81 | 8389.25

0.25 799 1 2 78.43 | 8343.69 | 8422.12

The numerical calculations of all scenario are shown in Table 3. The results shows that
minimum total cost of the supply chain system ¥sc = 8384.90 $/day occurs in scenario | which the
shipment lot size is n = 2, and delay in payment period is t = 3 days. This happens where in scenario
I, manufacturer provides a delay in payment time period t to the retailer, and the retailer settle the
balance at the right time t which same as t period (t = 1). Retailer takes advantage of the discount
scheme offered by manufacturers in increasing the order quantity to achieve the lowest unit
transportation cost. The benefit will be obtained by all players in supply chain. Manufacturers get
the benefit from a larger number of purchases by retailers, while the advantage for retailers is that
they get time to delay before making payments and can make a greater risk-free investment.

From the optimal solution obtained based on previous numerical calculations, a sensitivity
analysis will then be carried out. The sensitivity analysis is done by varying the input parameter
values. This aims to determine the impact of changing parameters in the total cost of supply chain
system from models are being studied by authors. In this research, the input parameters hi/hm and
A+ Amwere varied.
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Figure 1 shows the effect of variations in retailer financial holding cost ratios on
manufacturing on the total cost of the supply chain system. When manufacturer financial holding
cost increases, period time of delay in payment provided by manufacturer to retailer becomes
shorter. Therefore, quantity order of the retailer decrease but total cost of supply chain system are
still increase. It is because total cost manufacturer increases as a result of their financial holding also
increase. The increasing financial holding costs retailers causes the total cost of retailers also
increase, so that indirectly increase total cost of the supply chain system. Figure 2 shows the impact
of variations in ordering cost retailers over set-up costs of manufacturer on the total cost of the
supplychain system. When the shipment lot size increases, it will result in ordering cost at retailers
to also increase. Therefore, the total cost of retailers has increased and effected to total cost of supply
chain system has also increased.

4. CONCLUSION

In this paper, we develop a coordination mechanism for permissible delay in payment and
transportation discounts in two-level supply chains. We formulate a model of supply chain system
which the decision variables of long duration delay in payment with shipment lot size can minimize
their total cost. First, we construct the supply chain system model into two delay in payment
scenarios. Then from the two delay in payment scenarios that have been constructed, a transportation
cost discount is considered. This paper uses the all-unit quantity discount type.
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Numerical calculation aims to obtain the minimum total cost from supply chain system.
From calculation on the two delay in payment scenarios that take into account the transportation
discounts, the minimum total cost of the supply chain system occurs in scenario I. On that scenario
manufacturer provides a delay in payment period t to the retailer to complete their payment and the
retailer makes the payment at the right time t which same as t period. Retailer also makes purchases
in larger lots because manufacturers offer a discount scheme on transportation costs.

The sensitivity analysis is carried out on the best scenario which aims to determine impact
from changing parameter of the total cost system. The first analysis is implemented by testing
variations financial holding cost of retailer's on manufacturing. The result showed when financial
holding costs increased in supply chain system, the total cost also increase. Then, a second analysis
is carried out to examine variations in ordering cost retailers for manufacturing set-up costs. It shows
that when cost of ordering increasing in supply chain system, the total cost to increase accordingly.
We conclude that total cost system in supply chain can be minimum by implementing two
mechanisms of coordination. The best scenario is retailer settle their balance were same as the period
of delay in payment that given by manufacturer, and retailer utilizing the transportation discount
scheme from manufacturer. The model developed in this paper can be extended by considering
environmental sustainability and the form of online retailers (online channels).
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ABSTRACT

As an electricity service provider company, one of the operational activities of PT PLN
UP3 Ponorogo is to serve Pasang Baru (PB) and Perubahan Daya (PD) requests, especially
for household power tariff (R) customers. Short-term forecasting was carried outto determine
the estimated future demand for PB and PD using the exponential smoothing method which
was then converted into MDU. needs. There are 2 MDUs in ABA class, 4 MDUs in ABB
class and 9 MDUs in ABC class which will take into account the minimum

(s) and maximum (S) inventory parameters by comparing existing policies, continuous
review methods (s,S) and periodic reviews (R,s,S). With the application of the periodic
review method inventory policy (R,s,S) 13.36% and the achievement of a service level of
98% per month on average when compared to the current policy.

Keywords: safety stock, reorder point, quantity optimum, forecasting, continuos review,
periodic review

1. INTRODUCTION

A case study in this research is PT PLN UP3 Ponorogo that is one of the electrical
implementation units of the East Java Main Distribution area to service order customers in the
Ponorogo district. A case study serves people demands for “Pasang Baru” (PB) and “Perubahan
Daya” (PD) household rates (R) per month. "Pasang Baru" (PB) demand is the activity of
submitting requests to become PLN customers at a certain rate while PD is the activity of fulfilling
order customers to change the type of tariff or power (increase or decrease) that has been connected.
To be able to fulfil PB and PD requests, Main Distribution Materials (MDU) are needed. MDU has
made a Unit Price Contract (KHS) by the Supply Chain Management Division so that the central
Unit can only immediately place orders as are needed to the KHS manufacturer. There are 31 MDUs
that are used to serve PB and PD with 1-phase and 3-phase household rates (R), both those requiring
network expansion or not.

From the evaluation of PB and PD requests for household rates (R) in 2019, it is knownthat
the average monthly service level achievement is 82% in detail for 12 months as in Figure 1. The
highest cause (29.7%) of low service level is due to MDU un-availability (stock out). As the only
company that can serve PB and PD, a backorder system is implemented to meet customer demands.
Bahagia (2006:156), backorder means that the customer is willing to wait until the material is
available and the company will place an order to fulfill unserved requests. This has an impact on
low service levels and high inventory costs.
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Previous research on inventory control topics in Indonesian's companies has often been
carried out, such as Meilanitasari et al., 2016a, 2016b, Widodo et al., 2019. A few previous research
for the Indonesian’s electricity sector has been carried out such as Arifin and Vanany., 2019 and
Musyahidah and Vanany.,2019. This study also seeks to contribute research to the electricity
industry. The practical implications of this research for inventory managers in the case study are
motivation and contribution of this study. The results of this research can help inventory managers
in case studies to improve their inventory management. Increasing the service level for each material
item is the goal of this research with determining safety stock and Reorder Level (ROL) in the case
study.

2. LITERATUR REVIEW
2.1 Inventory

Inventories are items that must be stored for use or sale in the future (Ristono, 2009: 2). In
material inventory, 3 things that must be considered are the determination of safety stock, reorder
points and order quantity, this is important because when material procurement requires time and
market demand is not constant. Inventory management at the company will certainly lead to
inventory costs. Tersine (1994), the cost of inventory is related to the operation of the company's
inventory system where the inventory cost consists of several cost components, including purchase
costs, ordering costs, storage costs, inventory shortage costs.

Service level PB & PD Tarif R Tahun 2019
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Figure 1. Service Level Demand for PB and PD Tariff R

2.2 MDU Classification using Company Policy

ABC classification is a method used to classify materials based on the criteria for the level
of criticality, the level of availability and the level of usage. This classification is based on the
company's inventory policy which is used to determine the service level of the material according
to the classification. ABA and ABB class service level 97% and ABC class 95%.

2.3 Classification based on Usage Patterns

According to A.A. Ghobbar * (2002) states that materials with a continuous use pattern are
included in the fastmoving material type, while materials with intermittent usage patterns can be
grouped into intermittent demand, erratic demand, lumpy demand, and slow moving. By using a
classification approach in the range of average demand sizes for a certain period / Average Demand
Interval (ADI) and the Coefficient of Variations (CV), intermittent material patterns can be
determined using the following equation;
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= Information:
ADI = Lyt (1) a. N for ADI is the number of periods
N without zeros
N - b. N for CV is the total number of periods
2l (g, —g)° . . :
S 2) c. t; isthe interval between two consecutive
_N N .
vV = - nonzero demand periods
= ©

2.4 Probabilistic Inventory

Probabilistic inventory is an inventory model for the characteristics of demand and arrival
of orders that are not known with certainty in advance, but the expected values, variations and
possible distribution patterns can be predicted by being approximated based on probability
distributions. There are 3 conditions of the probabilistic inventory model, demand is constant and
lead time varies, demand varies and lead time is constant, and demand and lead time varies.

2.5 Continuous Review (s,S)

The continuous review method or often called the Q method is a method of controlling
inventory levels continuously, not paying attention to the time interval (R) at the time of execution
but ordering inventory is done when the inventory level has reached reorder points. One of the Q
methods is the continuous review method (s, S) which has the characteristic of ordering will be
made when the inventory has reached the reorder point or below it by ordering not only the optimal
number of messages but can only be done when ordering the items needed is not at (EOQ)but up to
the supply maximum message limit (S). This method is called the min-max system because the
inventory position is at the minimum s and maximum S.

2.6 Periodic Review (R,s,S)

The periodic review method or often called the P method is a method of controlling inventory
levels based on the time interval (T) where the number of orders varies with a constant message
period. One of the P methods is the periodic review method (R, s, S) which has the characteristic of
ordering will be made if the inventory level is at or below the minimum supply, with the maximum
order point order S for each period R. still above s even though it has reached period R

2.7 Forecasting with the Exponential Smoothing Method
According to Heizer and Render (2009: 162), forecasting is the art and science of predicting
future events by taking historical data and projecting it in the form of a mathematical model.
Forecasting using exponential smoothing method is a quantitative forecasting that connectsthe
relationship between the dependent variable (the variable sought) and the independent variableor
variables that influence it, then it is linked to time according to forecasting needs. This methodis
suitable for predicting things with random values. Each data is weighted with the symbol q¢. The
value of ¢ can be selected between the values 0-1, it can be formulated as follows:
FF=F_,+a(D._,—F_) 4 Information:
Ft : Current demand forecast
F,_, : Estimated past requests
a : smoothing constant (0-1)
D,_, :Realrequest
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3. METHODOLOGY

The stages of this research began with the initial stage of literature and field studies, then the
data collection stage, the data processing stage and finally the analysis and conclusion stages. At the
initial stage, a literature study was conducted to understand the concepts related to research and a
field study was carried out to determine the condition of the company's existing inventory policy.
Furthermore, the data collection stage, PB and PD request data use data from past 3 years (2017-
2019). Data 2020 are not used due to anomalous conditions for Covid-19. Short-term forecasting of
PB and PD demand was carried out using the exponential smoothing method. To determine the
accuracy of forecasting, the RMSE and MAPE calculations are performed, wherethe smaller the
value, the closer to the accurate forecasting result. The results of the forecast are converted into
MDU requirements according to the Bill of Quantity Materials. The next stage is toclassify the MDU
based on the ABC classification criteria. Then the classification is done to see the pattern of MDU
usage as a result of ABC classification using the ADI-CV method. After knowing the usage pattern
of each MDU, the MDU needs forecast is carried out using a method based on the results of the
usage pattern (slow moving, erratic, intermittent, lummpy). Next is the calculation of the existing
condition inventory parameters, continuous review (s,S) and periodic review (R,s,S) by using the
forecast data of each MDU. Furthermore, to determine the total cost ofinventory and service level
MDU, a simulation is carried out using the Material Requirement Planning (MRP) then analyzed
the monthly average cost of the total inventory and the service level of the three methods used.

4. ANALYSIS AND DISCUSSION
4.1 Inventory Cost
Total inventory cost consists of :
1. Purchase costs are costs incurred when purchasing goods, calculated from the total MDU
purchased multiplied by the MDU unit price in Table 2 column d
2. Ordering costs can be defined as all costs incurred to place an order for goods and are
assumed to be fixed for each MDU as detailed in Table 1.
3. Holding costs are costs arising from the storage of goods as detailed in Table 1 multiplied
by the MDU unit price;

Table 1. Ordering Cost and Holding Cost Composition

Ordering Cost Holding Cost Composition
a. Communication cost : Rp 350.000,- a. Capital cost : 10%
b. Administration cost Rp 500.000,- b. Finance cost : 2%
c. Labor cost : Rp 150.000,- c. Warehouse cost : 1%
Total : Rp 1.000.000,- d. Insurance free : 3%
e. Tax cost : 10%
Total : 26%

4. Stockout costs are calculated using the unserved PB and PD requests caused by MDU
stockouts so that the company experiences loss opportunity income. The calculation of
stockout cost per MDU is calculated by providing the coefficient per MDU obtained from
the total use of MDU per category of PB and PD. The coefficient is multiplied by the amount
of power (VA) that cannot be connected after being converted into kWh then multiplied by
rupiah per kWh for each power tariff as in Table 2 culumn e
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Table 2. Recapitulation of Inventory Cost Components

Average

Lead . MDU | ABC

Nomor Nama Material Time Unit | Stockout | \ioois | Classifi | api-cv | _MPUY

Material (Da S) Price Cost (Month) cation Forecast

Y (Month)

a b c d e f g h i

2190224 MTR:kWH E-PR;;1P;230V5- 45 | 242540 | 1112255 | 1918 | ABA | Erratic | 1,935

60A;1;;:2W
3110025 CABLE 45 4554 | 730941 | 67130 | ABA | Ematic | 67,735
PWR;NFA2X;2X10mm2;0.6/1kV;0H ’ ' ' rratic '
CABLE PWR.NFA2X-

3110542 TSR TOTIX 00 /1K O 45 1910 | 260543 | 159 ABB | Lumpy | 159

3250012 MCB;220/250V;1P;2A;50Hz; 30 30,700 | 140786 | 1320 | ABB | Erratic | 1321

3250015 MCB;220/250V;1P;4A;50Hz; 30 30,700 | 140786 | 585 ABB | Eratic 571

3250018 MCB;220/250V;1P;6A;50Hz; 30 30,700 | 250,343 | 529 ABB | Eratic 547

MTR;kWH E;;3P;230/400V;5- .
2190218 BOA A 30 | 1,384510 | 761,301 3 ABC | Erratic 3
3110029 CABLE 45 13803 | 88,933 85 ABC | Erratic 85
PWR:NFA2X:4X16mm2:0.6/1KV:0H ' '

3250022 MCB;380/440V;3P;10A;50Hz; 30 | 132400 | 275523 15 ABC | Eratic 14

3250024 MCB:380/440V;3P;16A;50Hz; 30 | 132400 | 275523 2 ABC | Erratic 2

3250007 MCB:220/250V;1P;10A;50Hz; 30 30,700 | 250,343 | 111 ABC | Erratic 110

3250008 MCB:220/250V;1P;16A;50Hz; 30 30,700 | 250,343 5 ABC | Erratic 5

3250010 MCB;220/250V;1P;20A;50Hz; 30 30,700 | 250343 19 ABC | Eratic 19

3250011 MCB;220/250V/;1P;25A;50Hz; 30 30,700 | 250343 5 ABC | Eratic

3250013 MCB;220/250V;1P;35A;50Hz; 30 30,700 | 250343 5 ABC | Erratic

4.2 Demand PB and PD Forecasting using Exponential Smoothing
By using the formula in equation (4), the average demand for PB and PD is obtained as
shown in Table 3 below;

Table 3. Actual and Forecast Average Demand Tariff R

Average PB (month) Average PD (month)
Tariff R i i

Actual | Forecasting a MAPE | RMSE Actual | Forecasting a MAPE | RMSE

Demand Demand Demand Demand
R-1 450 VA 1,286 1,254 1.00 32% 478 64 66 0.64 6% 122
R-1900 VA 1,395 1,371 0.72 18% 205 351 344 1.00 13% 704
R-11300 VA 371 389 1.00 29% 66 140 138 0.61 13% 333
R-12200 VA 26 27 0.87 38% 77 86 85 0.71 13% 209
R-2 >2.200
s/d 6.600 VA 8 8 1.00 31% 24 41 40 0.51 21% 137
5320600 1 1 049 | 2% | 4 3 3 077 | 23% | 10

4.3 Converting PB and PD Forecasting Results into MDU Needs

The results of PB and PD forecasting in Table 3 are converted into MDU requirements
according to the standard bill of quantity set by the company, as an example shown in Table 2
column f.

4.4 MDU Classification using Company Policy
ABC classification is based on 3 criteria in Table 4, for example, MDU 2190224, from the
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critical criteria it is categorized as A because without the MDU PB and PD cannot be served, from
the avaibility criteria, the lead time for 45 days is included in category B and the usage criteria,
Usage for 1 year amounting to Rp5,582,300,640,- so the MDU is ABA class. Details of the ABC
classification results can be seen in Table 2 column g.

Tabel 4. Criteria of ABC Classification

Category Critically Availability Usage
A Very critical Long lead time (> 90 days) Usage per year > Rp 500 million
B Critical Medium lead time (30-90 days) Usage per year Rp 100 - 500 million
C Less critical Short lead time (< 30 days) Usage per year < Rp 100 million
D Usage per year Rp 0

4.5 Classification using ADI-CV Method
By using the formula in equations (1) to (3), the ADI-CV value of each MDU can be obtained

so that the usage pattern can be seen by referring to the criteria below and the result as show in Table
2 column h.

1. Smooth demand if ADI < 1.32 and CV< 0.49,

2. Intermittent demand if ADI >=1.32 and CV< 0.49,

3. Erratic demand if ADI < 1.32 and CV >=0.49

4. Lumpy demand if ADI >=1.32 and CV >= 0.49

4.6 Forecasting MDU Needs with the Exponential Smoothing Method

To obtain a near-accurate demand forecast, MDU needs forecasting will be carried out using
the exponential smoothing method for both Erratic and Lumpy Demand MDUs. The results are
shown in Table 2 column i.

4.7 Calculation Existing Condition (s,S) Parameters
The calculation of the existing policy parameters is calculated using the min-max level method
which means calculating the minimum stock amount (s) and the maximum stock (S), as an example
MDU- 3250012
Average demand (month) ;1320 units
Lead time : 30 days =1 monthThe

calculation steps are as follows;

average demand (month) x lead time 132001
Safety Stock (55) = El ( ) = ( e,

3 3 = 060 units

1
2. Level minimuwm = average demand (month) x lead time = (1320)(1) = 1320 units
3 Reorder poin (s) = level minimum + 55 = 1320 + 660 = 1980 units

4, Maximum inventory (5) = 5 + 2x level minimum = 1980 + (2x1320) = 4620 units

So for the existing conditions MDU-3250012 minimum inventory value (s) is 1,980 units and the
maximum inventory value (S) is 4,620 units

4.8 Calculation Continous Review (s,S) Parameter
Continuous review method (s, S), it means that the inventory is monitored continuously and
an order will be made when it reaches the reoder point (s) or below with the number of orders
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reaching the maximum point (S). The following is an example of MDU calculation using the
Continous review method for material items 2190224,

Demand (month) (D) :1.935 Lead time (month) (L) 1,5

Stdev demand (S) : 1.592 Stdev lead time (o) 43,33

Unit price (p)  :Rp242.540,- Holding cost (h)  Rp63.060.40,-
Order cost (A) :Rp1.000.000,- Stockout cost (C,) Rp 1.112.255,-

The calculation steps are as follows;

1 24D |2(1.935)(1.000.000)

=g, = |- = 248 unit
o1 = Gou h | 63.060 u

hqy (63.060)(248)
@ T .0 (1.112.255)(1.933)

= 0,01

3. n =(Z,xSxVL)+ D, = (2.44)(1.592)(/1.5) + (1.935)(1,5) = 7.668 unit

4. N=sL[f(z,)-z,%(z,)]= (1.570)(1,5)[0,0488 — 2,02(0,0074)] = 28 unit

5 ||2-D [A+ Cuf (x —n, flx)dx] ||2{1.935.‘J{1.unn.nnn + 1.1125.255)x1

, = = = 1.405 unit
oo = | n J 63.060 o

- 1.405

6. a= Mooz + €,D 290 + (1.1125.255)(1.935)

=0.04

7. n =D, +Z,5/L =(1.9535)(15) + (1L.73)(1.570)(,/1.5) = 2.988 unit
Then compared between aid (1,405 units with 2,988 units) there is still a difference, so the iteration
is continued where r, =, = 2.988 unit to find the difference between the smallest

values. For this calculation, the iteration stops at the 8th iteration with the value
rn =1, = (s) = 5.179 unit and qpy = 4.228,so that S = q +r = 4.228 + 5.179 = 9.385 unit

4.9 Calculation Periodic Review (R,s,S) Parameter

Periodic review method (R, s, S) means that the order of supplies is made based on a
scheduled basis at a certain time interval (R), the order is made when the inventory has reached
reorder points (s) with the maximum number of orders (S) but orders cannot be made if inventory
has not reached reorder points even though it has entered the order period The following is an
example of MDU 3250012;

Star)da_lrd
o @ Sl (ORD) 250
and lead time
gt:%i?]réj Deviation (S) 11478 Unit price (v) :30.700
Lead time (month) (L) ;ﬁgn‘;‘ﬁf =1 Order cost (A) :Rp1.000.000
Standard deviation Lead 54y +1478 180235 Holding cost (n  :Rp7982

time

Review interval (month) (R) 11 42 Stockout cost (B3)  :Rp140.786
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The calculation steps are as follows;
1. X, =RD =1.321x1=1.321unit
2. Xgo =R +LD=(1+1x1.321 = 2.642 unit

r’] 0,506 ﬂ': i
3. Q,=13x"* (—) (1 +—=yoate = 1.3x1.321(
: v Xz

1.000.000 0506 2.090- ¥t
jl ( J = 38 unit

(30.700) ( 7.082) 1301

s oz |! Qr |! (38)(7.982)
'  JoraB3 0 [(2.090) (140.786)

= 0.00633

0.183
Sp = 0,973Xy,; + 0oy (— + 1,063 — 2,192z)
Z

0.183
Sp = 0,973 (2.642) + (2.090)(5 oo + 1,063 — 2,192(0.0227) = 63.157 unit

apakah % = 1.3 sehingga =1,5=0.0287 = 1.5

X 1.321
7. p,k)=1-P =1-0.0287 =0,971

8.  S,=Xg,. +kog,, =2.642 + (1,899)(2.090) = 6.612 unit

9 5 = minimum {.S'E,..S'D} 5 = maksimum {.S'E, +3, ..5',:.}
) s = minimum {63.157 ,6.612} 5 = maksimum (63.195,6.612}
5= 0.612 unit 5 = 63,195 unit

From the above calculations it is known that the reorder points for the MDU-3250012 is when the
inventory reaches 6,612 units with a maximum inventory of 63,195 units.

4.10 Material Requirement Planning

MPR is an order scheduling so that the number and when to place an order is known and of
course by paying attention to the lead time per MDU. This is done to determine the cost of supplies
and the service level of each MDU. The calculation was carried out for 36 months inorder to
obtain the average cost of inventory per month and the average service level per month. As an
example of calculating the MRP for MDU-2190224, MRP existing conditions, with a maximum
number of orders (S) 10.070, a lead time of 1.5 months and orders will be made when MDU
stockout. From the calculation, the average cost of inventory per month is Rp. 3,423,243,211, - with
a service level of 75%. For policies with continuous review parameters (s,S)with a maximum order
number (S) of 9,385 units, an order will be made. when the inventory has reached the reorder point
(s) 5,157 units. From the calculation, the average cost of inventory per month is Rp. 1,262,026,823,
- with a service level of 91%. And the last for periodic review (R,s,S)with a maximum order number
(S) of 31,849 units, a lead time of 1.5 months and orders will be placed when supplies reach reorder
point (s) 11,876 units. From the calculation, the average inventory cost per month is Rp.
1,262,701,701, - with a service level of 95%.

To be able to clarify the comparison of inventory costs and service levels of the three policies
in each ABC classification, 1 MDU is taken per ABC classification which is considered the most
critical of each classification so that it can represent the overall condition with data as in Table 7.

43



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

Table 7. Comparison of Total Costs based on MDU Classification

. . Existing (s,S) Continuous review (s,S) | Periodic review (R,s,S)
Classifi Material - : -
cation Number Inventory Service Inventory Service Inventory Service
Cost level Cost level Cost level
ABA 2190224 | 2,064,570,209 74% 1,262,701,701 90% 1,657,449,626 | 95%
ABB 3250012 143,575,076 82% 88,453,953 97% 188,209,573 100%
ABC 3250007 10,962,815 81% 6,131,694 100% 5,308,229 100%
Total 2,219,108,099 1,357,287,348 1,780,724,600

From the three evaluation conditions, the total cost of inventory and service level can be
concluded per cost component per category for each policy as shown in Table 8. From Table 8 it is
known that for the existing conditions, ordering costs for the ABB and ABC categories are the
highest among the two other policies, stockout costs dominate the highest in all classifications which
have an impact on the total cost of inventories. For policies with continuous reviews, the cost
component is 90% lower when compared to the other two policies, only in the ABA category the
message cost for continuous reviews is higher than the others.

Table 8. Recapitulation of Evaluation of Inventory Cost Components by Classification

Existing (s,S) Continuous review (s,S) Periodic review (R,s,S)
Class BB BP BS BSO BTP SL | BB BP BS | BSO | BPT SL BB BP BS BSO | BTP | SL
ABA High High High High High High
ABB High High High High High High
ABC High High High High | High High High
Note :

BB :Purchase cost BSO : Stockout cost

BP  : Order cot BTP : Total inventory cost

BS  :Holding cost SL : Service Level

For the periodic review policy, the dominance of the highest cost component compared to
the other two policies is the purchase cost and storage cost for all classifications.
Furthermore, in terms of service level to fulfill MDU needs, the existing condition provides the
lowest level of service among the other two policies in all classifications. The service level
continuous review policy is between the other two policies except in the ABC category, the service
level is the same as the periodic review with an achievement of 100%. And for periodic review
policies, the three categories have the highest service levels ranging from 95% to 100%.

From the results of the analysis, it is recommended to apply a periodic review policy (R, s,
S) for MDU in the ABA category, a continuous review policy for the ABB category and a periodic
review for the ABC category so that a saving of 17.4% is obtained with a service level of 97%.
But when discussion with UP3 Ponorogo management, management prioritizes service level rather
than inventory costs so that companies tend to choose the periodic review policy method (R,s, S)
rather than continuous review (s, S) with consideration of service demands that must be 100%
fulfilled, limited human resources to manage logistics and warehousing applications not yet
supported to support company inventory management. Regarding the amount of inventory costs that
must be spent to achieve a 100% service level, it was reported that periodically it would be necessary
to forecast needs and evaluate inventory parameters to obtain optimal inventory costs. So if all
classification ABC controlled using periodic review (R,s,S), 13,36% inventory cost saving with
service level 98%.
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5. CONCLUSION

1. The parameters for controlling the existing inventory policy (s, S), continuous review policy
(s, S) and periodic review (R, s, S) are obtained for the minimum (s) and maximum
(S) values of the periodic review greater than the other two policies are due to the order
interval which requires inventory at the time interval and during the lead time.

2. Inventory control using periodic reviews for MDU ABA class can provide savings for the
company of 15.8% with a service level of 95%. Whereas for the MDU ABB class using
the continuous review policy can provide cost savings of 38.8% with a service level of 97%.
And for the ABC class MDU by using the periodic review policy, 35.4% savings were
obtained with a service level of 100%. In total, if the selected policy is implemented, the
company can save 17.4% with a service level achievement of 97%. If it is in accordance
with the wishes of company management who prefer to apply periodic reviews in all MDU
class, a savings of 13.36% will be obtained with service level achievements of 98%.
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ABSTRACT

The market demand of MRO (Maintenance, Repair and Overhaul) companies for aircraft
is quite good and makes maintenance activity increase. Increased demand will affect the
inventory of maintenance materials needed to maintain aircraft. This condition makes
MRO’s must develop good inventory management. MRO’s need valid data about material
usage to reduce inventory buildup due to incorrect purchases or unused based on aircraft
problem data. From this case, MRO’s should be able to make a list of frequently used
materials. This research is conducted at one of the aircraft MRO companies in Southeast
Asia. The subject of this research is the material used for aircraft maintenance activities. In
the research process, maintenance material will be clustered based on factorsthat affect the
condition of the material, thus obtaining a data set to be a reference in material procurement.
This reference is intended to reduce procurement costs in supporting aircraft maintenance
activities. The DEA (Data Envelopment Analysis) method can be used to evaluate the
relative efficiency level of DMU (Decision Making Unit) in this case are materials
maintenance. DEA will produce material sequence based on the value of efficiency and can
be used as a basis for material procurement. The result show that there are as many as 8
out of 16 DMU’s are inefficient. Inefficient DMU’sneed to be evaluated to achieve
efficient values, for example, problem parameters of DMU 14 should be reduced to 891%,
the price parameters from DMU 12 should be reduced to 1115% cheaper, and material
stock from DMU 8 needs to be reduced by 65%.

Keywords: Data Envelopment Analysis, Cost Efficiency, MRO, Inventory.

1. INTRODUCTION

The research was conducted at MRO (Maintenance, Repair and Overhaul) company in
Southeast Asia. This MRO’s focus is on aircraft maintenance services. Having huge potential
market and human resources capabilities, the company is growing by making a footprint in several
regions including the Middle East, Australia, Africa, and several other regions. It is intended to
make the company closer to its customers. The variety of customers from the MRO’s company,
will increase the demand for aircraft materials for maintenance activity. With such conditions, the
company needs to provide fine material usage data to reduce excess inventory dueto incorrect or
unused materials.

Making an efficient inventory according to maintenance needs, it is necessary to know the
efficiency value of the materials maintenance. According to Rini (2018), If inventory is too high,
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it will increase the interest costs, increase the storage and maintenance costs, increase the risk of
damage, and decrease quality of materials. Meanwhile, if the inventory is too low, it will cause
thecompany not to be able to work at full capacity and unable to meet the customer demand. The
methods that can be used to obtain the efficiency value of materials with different conditions and
variations is DEA (Data Envelopment Analysis). The DEA method does not require the assumption
of functional relationship between input and output variables. The value measured in DEA is the
relative productivity of an object, not absolute productivity (Yuli, 2009). In this research, the DEA
method is used because it is a method that can be used to determine the efficiency of a material
with many variations and conditions of the material itself.

The data of this research is a collection of material data that has been used between 2014
tomid 2020. Aircraft materials will be the DMU (Decision Making Unit) on this research. The
focus of research is also on aircraft belonging to the company’s main customer type Boeing 737-
800 andmaterials listed in ATA CHAPTER 23,25 and 33. After obtaining the value of material
efficiency and rank, inefficient materials will be evaluated to become efficient materials.

2. METHOD
2.1 DEA (Data Envelopment Analysis)

DEA is a technical efficiency concept developed by Charnes, Choper and Rhodes in 1978.
This concept will evaluate the relative efficiency level of Decision-Making Units (DMU) which
are non-parametric and multifactorial in both input and output (Charnes et al, 1978). In theDEA
method, the main difficulty is for the selection of input and output because there is no standardthat
regulates the determination of input and output. According to Ramanathan (2003), input is
generally defined as a resource that affects the performance of the DMU. The objective of the
DEA is a measure of the efficiency and notice with the value (=1).

The CCR (Charnes-Cooper-Rhodes) model was introduced in 1978, where the maximum
ratio between the weighted output and weighted input of each DMU used to measure theefficiency
value. The relative efficiency value of CCR is:

.. YU
ef ficiency = —=1-1210
i=1Yi%¥io
Where : m = number of

inputss = number
of outputs
ur = output weight DMU 1, 2, . ..
, T'vi = input weight DMU 1, 2,
...... , 1
Xio= the number of i inputs the DMU
uses Yro= the number of r outputs the
DMU uses

z?":l UrVrg <
M opewe.

And Uy, V;

s.t: 1 for each DMU in the sample.

= 0
The DEA model provides a unique set of weights for each DMU which is limited to a value
between 0 and 1. The CCR model is known as the Constant Return to scale (CRS), wherethe ratio
of output and input values is proportional.
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After calculation of the efficiency of all DMUs, an inefficient DMU will be found.
According to Tone (2001) the excesses in inputs and shortfalls in outputs are called slacks. Slack
can evaluate to improve the values of efficiency. An expression for improve efficiency with slack
according to Tone (2001) is:

Xo=XA+5
Yo=YA+5

with X and Y are input and output values from n DMU, weight , =0 input excess,_ =0

+
=0 ,and output shortfall

2.2 Determine the DMU Using the Pareto Method

In determining the number of DMUs, processing is needed to decide how many DMUswill
be studied. This process is carried out because the maintenance material as DMU has many types
and functions. The data obtained from data retrieval is 524 maintenance material and this amount
IS too much to be processed by the DEA in this study. The number of DMUs needed is at least 3
times from the number of input and output variables (Yuli, 2009). In this study, it wasdetermined
that the DMU was 20 percent of the material taken from the data set using the Pareto method.
According to the Pareto principle every human being lives in 80/20 ratio. Although known as the
80/20 principle, the Pareto principle does not have to be 80:20 for every situation.In the computer
section we can use the ratio 90:10, in the world of education we can use the ratio 75/25. The Pareto
principle does not have to be applied 80:20 so that it fits 100% (Sunarto, 2020).

Table 1, shows the least amount of data before the Pareto process and it ranked from most
to least problems in 2014 to middle 2020.

Table 1. Material Dataset

Part Number Material Problem
F18T5CWRS:069X9 3560
SP21651B:K7548 3260
0L387BPGPL:S3774 3231
411N1281-4C:81205 2713
1003636-001LADR:92802 2531
2011-1-731-2845:35FB9 1194
FO032CWBCAC:81205 1165
B42365-1:04577 1100
8GH005597-12: D8095 1087
85:08805 1059
5113WW:08806 1058
1002992-359ADR:92802 1035
898052:61423 1024

After being processed by the Pareto principle which takes 20% of the total problems, a
Pareto chart is obtained from the DMU candidates to be studied. Figure 1 is a graph of the
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Pareto results.

Pareto Chart
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Figure 1. Pareto Chart of DMU

If 20 percent of the total is taken, it will cover the most 4 materials as DMU. To increase
the number of DMU, researchers held a discussion or FGD (Forum Group Discussion with the
Aircraft Maintenance Planning Engineer (AMPE) from the company to determine the
maintenancematerials used in this study. From the process of determining the DMU, 16 DMUs
were obtained from which the relative efficiency values were calculated to be evaluated. Table 2
shows the DMUTthat will be examined in this study.

Table 2. DMU Research

DMU Part Number DESC Problem

Total
1 F18T5CWRS LAMP 3560
2 SP21651B BUTTON RECLINE 3260
3 0L387BPGPL LAMP 3231
4 411N1281-4C SHADE WINDOW 2713
5 F032CWBCAC LAMP 1165
6 FB024830 LAMP 998
7 5500A1ABF23A BOTTLE ASSY-OXY 924
8 4323070-00-66-26 OVEN 834
9 SP23997C27 CABLE - RECLINE, 27INCH 636
10 1004491-001CXW | FOODTRAY ESCUTCHEON ASSEMBLY 479
11 4360004-85-00-18 HEATER,WATER 477
12 D72D70211-111 SPRING HINGE, BIFOLD 338
13 HV17500-09 HYDROLOK - RECLINING 292
14 2D2023-7 SPRING, AMI DBL ATTD SEAT 220
15 4323100-00-66-22 OVEN 185
16 AC2600-00 CONTROL BEZEL ASSEMBLY 116

2.3 DMU Attribute Selection

Attributes or parameters will be selected to measure the relative of each DMU. Todetermine
the attributes, FGD was conducted with the AMPE team and Purchaser team. From theFGD, the
parameters that will be used as input variables are the number of material problems,
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price, material category (problem boundary resolved in days) or CAT, and stock material in
store. As for the output are amount of material used and Urgent Material Request (UMR).

3. RESULTS AND DISCUSSION
3.1 DMU Interval Data

In this study, researchers had 6 years and a half (2014 to middle 2020) of DMU data and
stochastic. According to Kao (2008) if the data is stochastic, then the average data of several
yearscan be used to calculate the efficiency value. Table 3 shows the interval data with upper and
lowerbound.

Table 3. Data DMU with Upper and Lower Bound

Problem Price Category Stock Material Used AOG
DMU
Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper

DMU 197 822 4,45 55 10 10 0 1596 134 769 0 0
Dl\:/IU 143 887 70,05 83,8 10 10 0 700 65 787 0 0
DI\?{IU 3 1281 2,27 3,54 3 3 0 7500 3 1281 0 0
DIXIU 23 663 226,98 405 120 120 0 1245 126 606 0 0
DMU 56 418 14,59 540 10 10 0 660 18 286 0 0
DI\5/IU 85 378 11,11 15,44 10 10 0 375 42 336 0 20
Dl\j/IU 35 238 1247,98 1974 1 1 4 121 9 128 0 3
DMU 54 142 700,2 1809,39 120 120 29 181 10 135 0 0
DI\EjIU 7 371 30,68 112 10 10 0 784 5 367 0 0
D§I)U 9 129 28,4 95,2 10 10 0 200 4 128 0 0
DMU 18 140 369,06 717,29 120 120 4 130 18 138 0 11
DE/I;U 0 123 561,53 752 10 10 0 109 0 70 0 4
D,1VI3U 13 67 126,3 189 10 10 2 88 11 63 0 10
Dll\/I4U 6 88 84 129 3 3 0 130 6 78 0 1
D?/I5U 13 40 804,92 | 2122,67 120 120 1 64 12 38 0 0
D,1VI6U 2 29 500 609 3 3 0 600 7 567 0 3

To get reliable data, we use distribution simulation to find average DMU parameters data.
When there is no prior information about the distribution of the data, beta distributions have been,
found suitable for describing the characteristics of the data (Law, 2000). In standard
betadistribution has domain [0,1], in this study the maximum value of parameters will be the upper
bound and the minimum will be the lower bound. From this limitation we get betaparameters
a 1and o 2to get the average value of the DMU parameter. From simulation with arena software,
we get the beta parameter values shown in Table 4.
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Table 4. The a1 and a» Parameters

Material
Material Problem Price Stok Used AOG
& 1 & 2 & 1 & 2 & 1 & 2 & 1 & 2 & 1 & 2

DMU1 | 0,555 0,558| 1,02 | 0,859 0,202| 0,304| 0,335| 0,397 - -
DMUZ2 | 0,598| 0,781| 0,492| 0,67 | 0,946| 0,599| 0,784| 0,786 - -
DMUS | 0,065| 0,116 1,89 | 1,23 | 0,211| 0,406| 0,064| 0,129 - -
DMU4 | 0,284 0,214| 0,306| 0,295| 0,308| 0,317| 0,358| 0,338 - -
DMUS | 0,295| 0,671| 0,143| 0,192| 0,139| 0,214| 0,455| 0,633| - -
DMUG6 | 0,044| 0,18 | 0,542| 0,656| 0,349| 0,677| 0,25 | 0,621| 0,319| 0,764
DMU7 | 0,356| 0,389| 0,263| 0,292| 0,509| 0,541| 0,196| 0,264| 0,825| 2,09
DMUS8 | 0,636| 0,387| 0,364| 0,65 | 0,658| 0,511| 0,245| 0,215 - -
DMU9 | 0,177 0,243| 0,094| 0,084| 0,14 | 0,219| 0,178| 0,243| - -
DMU10 | 0,296 0,302| 0,452| 0,247| 0,213| 0,352| 0,296| 0,303| - -
DMU11 | 0,223| 0,245| 0,301| 0,433| 0,345| 0,388| 0,215| 0,246| 0,367| 0,987
DMU12 | 0,403| 0,624| 0,452| 0,247| 0,251 0,392| 0,348| 0,371| 0,72 | 1,7
DMU13 | 0,653| 0,604| 0,358| 0,299| 0,53 | 0,623| 0,639| 0,614| 0,135| 0,459
DMU14 | 0,441| 0,65 | 0,144/ 0,238| 0,237| 0,564| 0,273| 0,377| 2,75 | 5,45
DMU15 | 0,522| 0,528/ 0,228| 0,356| 0,184| 0,144| 0,596| 0,814| - -
DMU16 | 0,494| 0,424| 0,803| 0,801| 0,146| 0,224| 0,141| 0,222| 0,703| 1,13

The category parameter is not simulated because it has the same value every year, so the
same value will be used for the category input parameter. Whereas in the AOG output parameter,
some DMUs do not simulate because it has a parameter value of 0.

3.2 Monte Carlo Simulation.

To find the average value of the DMU parameters, we use a Monte-Carlo simulation.
According to Kao (2008), use 2000 replications for a good estimation of efficiency from the
DMUs. The simulation process uses Excel and generates the values of the input and output
parameters.

Table 5 shows all the input and output parameters of the DMU. Then we use Lingo software
to generate the efficiency from all DMUEs.

3.3 Efficiency Value of the DMU

After getting the input and output parameter values, the process is continued by
calculatingthe efficiency value. We do calculations through a program made on the Lingo. The
result shown in Table 6.
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Table 5. Monte-Carlo Simulation Result

NO| DMU | Problem| Price | Cat Stock Material AOG
Material Used
1 | bMU1l 521 | 5,0191| 10 655 418 0
2 | DMU2 468 | 75,927| 10 427 429 0
3 | bMU3 460 | 3,0399| 3 2771 426 0
4 | DMU4 391 318,9 | 120 603 376 0
5 | DMUS 167 | 234,79| 10 257 128 0
6 | DMUG6 140 | 13,086 10 126 127 6
7 | DMU7 132 | 1585,5| 1 60 58 1
8 | DMUS8 110 | 1116,9| 120 115 77 0
9 | DMU9 163 | 72,561 10 318 155 0
10 | DMU10 69 71,133| 10 77 66 0
11 | DMU11 76 515,58| 120 63 73 3
12 | DMU12 49 684,69 10 43 33 1
13 | DMU13 40 159,95 10 42 38 2
14 | DMU14 39 100,39 3 37 37 0
15 | DMU15 26 1314,1| 120 37 23 0
16 | DMU16 16 553,83| 3 228 237 1

Table 6. Efficiency Value and Rank of DMU

DMU Efficiency | Rank
DMU 1 1 1
DMU 2 1 2
DMU 3 1 3
DMU 4 0,8001489 12
DMU 5 0,5352108 16
DMU 6 1 4
DMU 7 1 5
DMU 8 0,6062539 14
DMU 9 0,8984728 10
DMU 10 0,8398932 11
DMU 11 1 6
DMU 12 0,741835 13
DMU 13 1 7
DMU 14 0,9580784 9
DMU 15 0,5621131 15
DMU 16 1 8

From the results obtained an efficient DMU and not. Inefficient DMUs need to be
improved and based on theory, the improvement process uses the slack values. Slack value
shown in table 7.
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Table 7. Slack of DMU

DMU slack_input|slack_input|slack_input |slack_input|slack output|slack outpu
.Problem .Price .Cat StockMate| .MaterialUs tLADG

DU 1 1] 1] 1] 0 1] 1]

DMU 2 0 0 0 0 0 0

Dnu 3 1] 1] 1] 0 1] 1]

DMU 4 0 0 74,3337548 0 0 12,59431998
DU 5 1] 1] 1] 0 1] 2,709371608
DMU 6 0 0 0 0 0 0

DM 7 1] 1] 1] 0 1] 1]

DMU B | 18,649486 | 289,23479 0 0 0 1,947549600
DU 9 1] 1] 0,02942827 0 1] 5193651711
DMU 10| 1,20765775 0 0 0 0 2442743842
DMU 11 1] 1] 1] 0 1] 1]
DMU 12 (13,1062674 | 451,548478 0 0 0 0
DMU 13 1] 1] 1] 0 1] 1]
DMU 14| 33,4311923 | 2,74800028 0 0 0 0,21050856
DMU 15 1] 621,538257 | 45,2775883 0 1] 0,591803117
DMU 16 0 0 0 0 0 0

But when the slack is processed at the DMU, the change in efficiency value does not
increase significantly. Although there are changes in the input and output parameter values. We
tried another way to improve the efficiency value using R-Studio. In R-Studio we can use DEAR
packages to solve DEA cases.

The results of the DEA calculation have differences in the input and output parameters.
There are several input parameters where the value is reduced to make the DMU efficient. Since
the improvement value is obtained, we run again the program from Lingo so that all DMUs are
efficient.

The most significant improvement is in DMU 5, initially it has an efficiency value of 0.5352
then increasing to 1. Improvements were made in almost all input parameters of DMU 5, each
input was reduced by 87% and output on AOG had to be limited to only 2-3 times. DMU 12has
decreased quite significantly, in the input price parameter a reduction must be made to 1115 percent
to get the efficiency value to 1.

To see more clearly the changes that have occurred we summarize the results of changes in
the DMU parameter value and can be seen in table 8. Table 8 also shows the results of improved
efficiency.

The results in Table 8 can be rounded to get a non-decimal number to improve DMU
parameters.
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Table 8. DMU Improvement

DMU Problem Price Cat Stock Material AOG Eff.
Material Used
DMU1 521 5,019057043 10 655 418 0 1
DMU2 468 75,92709448 10 427 429 0 1
DMU3 460 3,039855095 3 2771 426 0 1
DMU4 | 312,858233 255,1699753 | 21,68411725| 482,4898069 376 12,59431998 1
DMU5 | 89,3802107 125,6645031 | 5,352108425| 137,5491865 128 2,709371608 1
DMU6 140 13,0860295 10 126 127 6 1
DMU7 132 1585,5275 1 60 58 1 1
DMUS8 | 48,03844131 387,8881062 | 72,75046617| 69,71919675 77 1,947549606 1
DMU9 | 146,4510649  65,19416732 | 8,955299632| 285,7143474 155 5,193651711 1
DMU10 | 56,74497178  59,74389191 | 8,398931816| 64,67177498 66 2,442748842 1
DMU11 76 515,5808516 120 63 73 3 1
DMU12 | 23,24364589  56,37484529 | 7,418349659| 31,89890354 33 1 1
DMU13 40 159,9505197 10 42 38 2 1
DMU14 | 3,93386549 93,43327842 | 2,874235216| 35,448901 37 0,21050856| 1
DMU15 | 14,61493996  117,1528874 | 22,17598081| 20,79818379 23 0,591803117 1
DMU16 16 553,8296511 3 228 237 1 1

Table 9. The Results of Improving DMU Parameters

DMU Problem| Price Cat Stock Material
Material Used
DMU1 0% 0% 0% 0% 0%
DMU2 0% 0% 0% 0% 0%
DMU3 0% 0% 0% 0% 0%
DMU4 -25% -25% | -453% -25% 0%
DMU5 -87% -87% -87% -87% 0%
DMUG6 0% 0% 0% 0% 0%
DMU7 0% 0% 0% 0% 0%
DMUS8 -129% | -188% | -65% -65% 0%
DMU9 -11% -11% -12% -11% 0%
DMU10 -22% -19% -19% -19% 0%
DMU11 0% 0% 0% 0% 0%
DMU12 -111% | -1115% | -35% -35% 0%
DMU13 0% 0% 0% 0% 0%
DMU14 -891% 7% -4% -4% 0%
DMU15 -78% | -1022% | -441% -78% 0%
DMU16 0% 0% 0% 0% 0%

4. CONCLUSION

Based on the result, it is found that the effective materials are DMU 1, DMU 2, DMU 3,
DMU 6, DMU 7, DMU 11, DMU 13, and DMU 16. All these DMUs can be used as a reference
for improving the efficiency value of other DMU. These results will serve as anevaluation of the
company in the procurement process. The inefficient dmu needs to be
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evaluated from the inputand output parameters. Increasing the value of efficiency can be done from
minimizing problematic materials by increasing preventive maintenance, reducing prices,
evaluating the repair period, and controlling stock in the warehouse. From the output, it is also
possible to prevent AOG ordering of materials to suit the needs of maintenance activities.
Efficiency is a value that can change depending on the conditions of a DMU parameter. To
convince the company about the efficiency value obtained, in this study a distribution simulation
of the DMU parameters obtained was carried out. The simulation is expected to be able to represent
the parameter value of a DMU that has stochastic data. Inefficient DMU values can be corrected,
the result is that some input parameters from the DMU are reduced. The results of this improvement
are shown in Table 9.

For AOG parameters, it is necessary to adjust the order to make the DMU efficient.
Changes occur in DMU 4 with ranged values 12 orders, DMU 5 around 3 orders, DMU 8 around
2 orders, DMU 9 around 5 orders, DMU 10 around 2 orders.
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ABSTRACT
In line with the main problem of congestion faced in Indonesia, especially in the cities of
Jakarta, Bogor, Depok, Tangerang and Bekasi, the implementation of the Jabodetabek LRT
infrastructure work is one solution to overcome the congestion problem and opens up
opportunities for implementation and implementation of regional development. with the
concept of Transit Oriented Development (TOD) at the locations of LRT station points. For
this reason, PT Adhi Commuter Properti plans to develop an area that is directly integrated
with the LRT station. One of them is the development of an area with a TOD concept located
at Jakarta's Cibubur station.
This study aims to evaluate the TOD-based area development plan that has been
made. The research object is the integrated area of the Cibubur LRT station. The
research begins by identifying the attributes of importance in the TOD-based area.
These attributes are then weighted using HoQ and AHP. These attributes are used as
the basis for evaluating the development plan and determining the improvements that
must be made. In this research, it is hoped that they will be able to find out what
strategies can be carried out in developing the area at the Cibubur LRT station.
The results of this research obtained the development of the TOD area with the
concept of Mixed Use with 10 potential priorities in area development such as paying
attention to convenience and integration facilities to LRT stations, suppressing HPP
and maintaining selling prices, proper payment strategies by increasing cooperation
with banks, conducting environmental market research and competitors with a radius
of 5 km from the area and add additional facilities and enliven the community in the
area to increase the attractiveness of the area.

Keywords: Cibubur, regional development, TOD concept, integrated station, HoQ method,
AHP method.

1. INTRODUCTION

One of the problems that need to be resolved in Jakarta is congestion, referring to the 2014
survey released by the DKI Jakarta Provincial Statistics Agency, at least 1.38 million residents of
Bogor, Depok, Tangerang and Bekasi come every day in Jakarta for work, school or other interests.
other.
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According to Ditlantas Polda Metro Jaya in 2015 the growth of vehicles in DKI Jakarta
was 12% per year, while the increase in road length in DKI Jakarta Province was only 0.01% per
year. The increasing density of the city of Jakarta can have a direct impact on decreasing quality
of life due to reduced productive time due to traffic congestion, as well as air pollution which affects
air quality. This condition raises other population problems, namely the lack of comfortable and
quality housing.

This research helps certain parties in making the best decisions to achieve maximum results.
So in this study, we can evaluate the previous development plan process to obtain weighting criteria
from the data that has been obtained in various stages using the AnarchiHierarchy Process
(AHP) and Quality Function Deployment (QFD) methods. The House ofQuality (HOQ) model is
used to obtain product attributes that can maximize customer satisfaction.

2. RESEARCH STAGE

This study aims to identify attributes that are of importance to customers in selecting the
TOD area so that it needs to be considered by the developer and evaluate the current development
plan against the attributes that potential customers have identified and determine what
improvements need to be made to increase the attractiveness of the area.

Attribute Identification

Determination of
Factor Weights

¢ AHP method to determine the
weights of attributes

Product Design
Evaluation

v
Improvement Formula

HOQ logic that links needs or
« wants and responses

Figure 1. Research flowchart

3. DISCUSSION
3.1 Data Collection

In this study the data collected in the form of primary data obtained through interviews and
also by distributing service attributes, obtained from questionnaires distributed to respondents.
While the data relating to the preparation of technical responses, data on the level of organizational
difficulties in process characteristics, targets, the correlation between service attributes and technical
responses in the preparation of house of quality, were obtained from interviews with experts at
companies or consultants as expert consultants. as an object of research as well as from the Business
Model Canvas (BMC) document which is a description of the company's overall strategy.
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3.2 Attribute Identificatiom

The questionnaire to be used in this study was made based on the dhelpi method in
accordance with the method or description of theory and other research materials obtained from
several sources including various experts or expert opinions. The questionnaire contains 15
questions consisting of 4 variables of service quality, namely facilities, area, price, method of
payment. The 15 questions are divided into 2 things, namely 7 questions on consumer profile
identification and 8 questions about service attributes which will later measure the four existing
service quality variables. The attributes contained in this research questionnaire are as follows:

Table 1. Attribute

No Category Sub Category

1 | Facility Integrated LRT, Commercial, Sports facilities,
Basement, Hospitals and Schools

2 | Unitarea 1 BR (30-40 m2), 2 BR (>40 m2), Studio BR
(<30 m2)

3 | Price 300-400 million, 400-500 million, 500-600
million, >600 million

4 | How to Pay Softcash (>4 tahun), Softcash (<4 bulan), KPA
(10-15 tahun), Hardcash (tunai)

3.3 Determination of Number of Samples

In this study, determining the number of samples to be involved will be measured using a
quota sampling technique. The quota sampling technique is a technique used to determine the
number of samples that will be used by first determining how much the population will be studied,
in this case the population is the same as the number of existing consumers, which the company has
for an ecosystem that is a priority for development. To determine the minimum sample size to be
used in the study, it will be calculated using the Solvin method. With the Slovin formula, the
calculation is done by first determining the value of the total population of 100 consumers which
is obtained from the production administration data in the work order and also the percentallowance
for the sample error of 5%, then the following results are obtained:
From the calculations using the Slovin formula above, it is known that the minimum number of
samples needed in this study is 23.

3.4 Validity Test

The validity test is shown to determine whether the questions contained in the questionnaire
used in this study are in accordance with the concept or not. The validity test was carried out using
SPSS software. If the SPSS (corrected item total correlation) output is positive, and the SPSS
(corrected item total correlation) output is greater than the df value in table r, then the attribute is
declared valid and if it is the opposite then the attribute is declared invalid.

The output value of the corrected item total correlation for all attributes is greater than the
df value in r table 0.433. The value of 0.433 itself is obtained from df = 23-2 = 21 and with a value
of percent allowance for sample error of 5% or 0.05, the value is 0.433. Because all attributes have
a corrected item total correlation value of more than 0.433, so it is stated that all attributes contained
in the questionnaire are considered valid.
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3.5 Reliability Test

Reliability test is only conducted if all attributes in the questionnaire are considered valid

in the validity test. The reliability test in this study was carried out using the Cronbach Alfamethod
to all data obtained from the results of distributing questionnaires using the help of SPSS software.
A research instrument has adequate reliability or is said to be reliable if the Cronbach alpha
coefficient is greater or equal to 0.60 Zulganef, (2006).

Table 2. Reliability statistic

Cronbach Alpha N of Items
0,671 10

3.6 Delphi Method Questionnaire Processing

This method is useful for structuring the group communication process so that the process

will run effectively. This method is used when expert opinion is required but other factors such as
time or distance make it difficult for panel experts to sit down together.

a.

b.

o

Problems are identified through a carefully crafted set of questions by group members who
are asked to convey potential conclusions.

The first questionnaire contains 15 questions. The questionnaire was filled out by members
separately and freely anonymously.

The results of the first questionnaire were collected, recorded and reproduced.

Each respondent was sent a copy of the questionnaire results

After reviewing the results, the respondents reconfirmed their conclusions. The new results
moved the members to come up with new conclusions. Following are the conclusions of the
questionnaire after feedback to 23 respondents

Table 3. The results of the questionnaire ranking

Reasons for choosing an Why buy a Cibubur

apartment outside Rangking apar tment, not in J akarta or Rangking
Jabodetabek West Bekasi?

Close to the previous residence 1 Integrated LRT station 1
Affordable prices 2 Near the city center of )
Not jammed 3 Bekasi

Near the LRT station 4 Near where you live now 3

Near the toll gate 4

What pr ice are you inter ested What were your

in buying a studio type Ranakin considerations in choosing the | Rangking
apar tment in the Cibubur gKing prices above?

area? Location, facilities and unit area 1
300-400 million 1 Income 2
400-500 m!ll!on 2 Market price 3
500-600 million 3

>600 million 4
What facilities do you need to . How to pay do you choose to .
buy an apar tment? Rangking buy an apartment? Rangking
Station integrated 1 Soft Cash > 4 months 1
Commersial Area 2 Soft Cash 4 months 2
Sport Fasilities 3 KPA s/d 15 years 3
Auvailability of parking basement 4 Hard Cash 4
Near to hospitals and schools 5
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3.7 Compilation of Analytical Hierarchy Process (AHP) from Attributes
1. Decomposition

Solve or divide a complete problem into its elements into a hierarchical form of the decision-
making process, where each element or element is interrelated. First level: Goal decision (Goal),
second level: criteria, and third level: Alternatives

Pemilihan Apartemen

Fasilitas Luas Harga Cara Bayar

| non TOD Mixed used |

TOD I TOD mixed use | I non TOD I

Figure 2. Structure Hierarchy AHP

Then, the pairwise comparison stage begins to determine the criteria weights. For the
assessment using the 1-9 Saaty Comparison Scale as shown in the following table.

Table 5. Pairwise comparison with the Saaty scale

Facility Unit area Prace How to Pay
Facility 1 7 5 9
Unit area 1/7 1 1/3 3
Price 1/5 3 1 5
How to Pay 1/9 1/3 1/5 1

2. Comparative Judment

Comparative Judgment is at the core of using AHP because it will affect the priority order
of its elements. The results of the assessment will be shown in the form of a pairwise comparisons
matrix, namely the pairwise comparison matrix containing the preference levels of several
alternatives for each criterion.

Table 6. Priority vector calculation matrix

Table 7. Attribute weights

Attribute Priority vector
Facility 64%
Unit area 10%
Price 21%
How to pay 5%

60

1 7 5 9 0,69 | 0,62 | 0,77 0,5 0,64

1/7 1 1/3 3 0,10 | 0,09 | 0,05 | 0,17 0,10

1/5 3 1 5 0,24 | 0,26 | 0,15 | 0,28 0,21

1/9 1/3 1/5 1 0,08 | 0,03 | 0,03 | 0,06 0,05
Matrix Normalization Priority Vector



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

3. Synthesis of priority
Synthesis of Priority is carried out using the eigenvector method to obtain relative
for decision-making elements.

Pemilihan Apartemen
1,00

Fasilitas Luas Harga Cara Bayar
0,64 0,10 0,21 0,05

Figure 3. Attribute weights in the AHP hierarchy structure

Table 8. Comparison of alternative weight for Facility criteria

weights

Facility TOD TOD Mixed Use non TOD Non TOD Mixed Use
TOD 1 1/5 1 1/5
TOD Mixed Use 5 1 7 3
Non TOD 1 177 1 1/5
Non TOD Mixed Use 5 1/3 5 1
Table 9. Priority vector calculation matrix (Facility)

1 7 5 9 069 | 062 0,77 | 05 0,64
u7 1 13 3 0,10 | 0,09 | 0,05 | 017 0,10
1/5 3 1 5 014 | 026 | 0,15 | 0,28 0,21
19 | 113 | 15 1 0,08 | 0,03 | 0,03 | 0,06 0,05

Matrik o
Normalisasi Priority Vector

In the same way it is done for the other attributes (Unit area, Price dan how to pay).

4. Comparative Judment
Alternate set by multiplying the priority weight by the attribute weight

Pemilihan Apartemen

1,00
Fasilitas Luas Cara Bayar
0,64 0,10 0,05
TOD 0,08 TOD 0,15 TOD 0,15 TOD 0,25
TOD Mixeduse 0,55 TODMixed use 0,44 TOD Mixeduse 0,07 TOD Mixeduse 0,10
NonTOD 0,07 Non TOD 0,15 NonTOD 0,53 NonTOD 0,50
Non TOD Mixed use 0,30 Non TOD Mixed use 0,27 Non TODMixed use 0,25 Non TODMixed use 0,15

Figure 4. Logical consistency on hierarchy AHP structure

Multiplication of the matrix between priority weights and attribute
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Table 10. Matrix logical consistency

2
2 ; 2
5 = 8 3 25
g 5 & | F Z2
TOD 0,08 [ 015 05| 0725 0,64 0,11
TOD Mixed Use 0,55 | 0,44 [ 0,07 [ 0,10 0,10 0,42
Non TOD 007 | 015 | 053 | 050 | X [ 021 | = 0,19
Non TOD Mixed Use 0,30 | 027 | 025 | 0,15 0,05 0,28
TOD = 11% (Rangking 4)
TOD Mixed Use = 42% (Rangking 1)
Non TOD = 19% (Rangking 3)
Non TOD Mixed Use = 28% (Rangking 2)

3.8 Compilation of Quality Function Deployment (QFD)

In this study, the preparation of a quality function deployment is needed in order to develop
pre-existing services so that in the future the service can be better than what was before.
A. Making a Consumer Information Matrix
1. Determination Attributes of Customer Requirements

This step is taken to identify and identify the needs and desires of each consumer for the
services provided by the company. The method of determining the attributes of consumers' desires
that is done here is by using the attributes of each service resulting from the Delphi method. The
input attributes, among others.

a. The reason for choosing an apartment is that it is close to the previous residence

b. The reason for choosing the Cububur apartment is the integrated LRT station

c. The desired apartment facility is an integrated station and commercial area

d. The unit of the desired apartment area yaitun 1 BR (30-40 m2)

e. The desired price is 300-400 million

f. How to pay soft cash (installments in stages> 4 years)
2. Determination of Level of Importance

The level of importance or level of importance is the part that shows how important an
existing service attribute is for consumers. Determination of the level of importance or level of
importance is based on the high expectations or expectations of consumers with consumers'
perceptions of company performance that have been felt by consumers in accordance with the focus
of this research objective which is to reduce gaps.

Table 11. Assess the importance level of each service attribute

No Question SP P | TP | STP IR

1 | The reason for choosing an apartment is that it is close to the previous 8 2 0 0 6,6
residence

2 | The reason for choosing the Cububur apartment is the integrated 6 4 0 0 6,2
LRT station

3 | Facility apartemen yang diinginkan adalah terintegrasi stasiun dan 0 10 | O 0 5
komersial area

4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 8 2 0 0 6,6

5 | The desired price is 300-400 million 2 8 0 0 54

6 | How to pay soft cash (installments in stages> 4 years) 2 6 2 0 5
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3. Determine Level of Satisfaction

Table 12. Determination of Satisfaction Level

No Question SP| P | TP | STP IR
1 | The reason for choosing an apartment is that it is close to the previous residence 8 2 0 0 4,6
2 | The reason for choosing the Cububur apartment is the integrated LRT station 6 4 0 0 3,8
3 | The desired apartment facility is an integrated station and commercial area 0] 10 0 0 4,6
4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 8 2 0 0 34
5 | The desired price is 300-400 million 2 8 0 0 5
6 | How to pay soft cash (installments in stages> 4 years) 2 6 2 0 4,2

4. Bencmarking Competitor

Table 13. Value the level of satisfaction of each service attribute

. PP WIKA | Waskita
No Question ACP I properti | Realty | realty
1 | The reason for choosing an apartment is that it is close to the previous residence 4,6 6,2 5 5
2 | The reason for choosing the Cububur apartment is the integrated LRT station 3,8 5 5 5
3 | The desired apartment facility is an integrated station and commercial area 4,6 5,8 5 5
4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 34 5 4 3
5 | The desired price is 300-400 million 5 4,6 4 3
6 | How to pay soft cash (installments in stages> 4 years) 4,2 5 5 5

5.Setting Goals
The goal value (goal) is the value to be achieved by the company in improving anyexisting
service attributes (determined by management). This objective value is the same as the scale used
in the assessment of the questionnaire, namely the weighting of the rating scale 1-7, 1 for very
unsatisfactory information and 7 for very satisfying information

Table 14. The value of the company's internal goals

No Question ACP
1 | The reason for choosing an apartment is that it is close to the previous residence 6,2
2 | The reason for choosing the Cububur apartment is the integrated LRT station 5
3 | The desired apartment facility is an integrated station and commercial area 5,8
4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 5
5 | The desired price is 300-400 million 6
6 | How to pay soft cash (installments in stages> 4 years) 5,6

6.Calculation of Improvement Ratio
The calculation of the improvement ratio value in this study was carried out using a formula.

Table 15. Nilai improvement ratio

. L. Improvement

No Question Eksisting | Goal pRatio

1 | The reason for choosing an apartment is that it is close to the previous residence 46 6,2 1,35

2 | The reason for choosing the Cububur apartment is the integrated LRT station 3,8 5 1,32

3 | The desired apartment facility is an integrated station and commercial area 4,6 5,8 1,26

4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 34 5 1,47

5 | The desired price is 300-400 million 5 6 1,2

6 | How to pay soft cash (installments in stages> 4 years) 4,2 5,6 1,33
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7. Menentukan Row Weight dan Normalized Row Weight

The determination of RW and NRW values can later be used as a consideration to determine
the priority scale of each service attribute. This is because the priority scale of the calculation of
RW and NRW values is also influenced by values such as sales points and also improvement ratios,
both of which have been considered by the company management

Table 16. RW and NRW

No Question RW | NRW | Prioritas

1 | The reason for choosing an apartment is that it is close to the previous residence | 8,90 | 0,20 2

2 | The reason for choosing the Cububur apartment is the integrated LRT 8,16 | 0,19 3
station

3 | The desired apartment facility is an integrated station and commercial 9,71 | 0,22 1
area(mall, minimarket, café dll)

4 | The unit of the desired apartment area yaitun 1 BR (30-40 m2) 6,30 | 0,14 4

5 | The desired price is 300-400 million 4,97 | 0,11 6

6 | How to pay soft cash (installments in stages> 4 years) 595 | 0,13 5

Based on the row weight and normalized row weight tables above, we can find out what
service attributes are eligible to be selected and become the top priority for service improvement

B.Making Technical Information Matrix

1.Determine Technical Response
Technical response is an effort made by a company to improve the product quality of each
service attribute that is then developed to meet the expectations of each consumer.
1) The desired apartment facility is an integrated station and commercial area
-Increase commercial facility facilities
-Enabling communities in the area
2) The reason for choosing an apartment is that it is close to the previous residence
-Conducting market research in the area of the area to be developed (radius 5km)
-Looking at other competitors around the area development location
3) The reason for choosing the Cububur apartment is the integrated LRT station
-Developing integrity support infrastructure to the station (connecting roads etc.)
-Make the design as comfortable as possible for the integration of the Area to the station
4)The desired apartment area unit is 1 BR (30-40 m2)
-In line with Price, pressing COGS so that selling price can go down
5)How to pay soft cash (installments in stages> 4 years)
-Cooperate with a bank that offers many benefits
-Setting up a cashflow plan strategy with enlarged softcash payers> 4 years
6) The desired price is 300-400 million
-In line with Unit area, looking for optimization so that Price 300-400 gets 1 BR units

2. Determine Technical Response

After determining the technical response or technical response of the company in an effort
to improve the quality of service that exists today. The next step is to determine or create a
correlation matrix.
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Table 17. Correlation matrix

Symbol Definition
. Very Strong Positive
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3. Determine Relationship Matrix
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4.Calculation of Technical Aspect Weight Value

The calculation of the weight value for technical aspects is a calculation carried out to find
out which technical aspects are considered the most influential or important and need to be a priority
by the company in an effort to improve the quality of existing services today. The weight value from
the technical aspect can be divided into two types, namely the weight value of absoluteimportance
and one more, namely relative importance. The value of absolute importance is a valuethat can
indicate a technical aspect whether it is really needed in an effort to improve a service attribute or
not. Meanwhile, relative importance is the number in the form of cumulative percent. As for finding
these two values, the following formula can be used.

Table 20. Technical aspect matrix
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Weight 2014,20 1158 21,00 7560 144, 271,2 3384 2916 1638 2196 3132
Normalized Weight 1 0,06 0,04 004 0,07 0,15 0,17 0,14 0,08 0,11 0,16
Prioritas 8 9 10 7 4 1 3 6 5 2
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Table 20. Technical aspect weight value

No Technical Response IW | AIW | Priority
1 | Increase commercial facilities 115,80 | 0,06 8
2 | Enabling communities in the region 81,00 | 0,04 9
3 | Conducting market research in the area to be developed (radius 5km) 75,60 | 0,04 10
4 | Looking at other competitors around the area development location 144,00 | 0,07 7
5 | Developing an integrity support infrastructure to the station 271,20| 0,13 4
6 Make the design as comfortable as possible for the integration of the Area to 338.40 | 0,17 1

the station
7 | Pressing the HPP so that the selling price can go down 291,60 0,14 3
8 | Cooperate with a bank that offers many benefits 163,80 | 0,08 6
Prepare a cash flow plan strategy with an enlarged percentage of soft cash
9 payers> 4 years 219,60 | 0,11 5
10 | Looking for optimization so that Price 300-400 gets 1 BR units 313,20 | 0,16 2

Based on the calculation of the weight value for the technical aspects which includes the
calculation of the value of absolute importance and also the calculation of the value of relative
importance, it is known that there are at least several technical aspects that deserve priority and
priority in the effort to improve and improve the quality of existing features and services.

4. CONCLUSION

It can be concluded that the results of the Analitycal Hierarchy Process (AHP) method
based on 4 attributes (Facility, Unit area, Price and how to pay) resulted in the priority of Area
development with the first order of TOD with the concept of Mixed Use.

Based on the QFD analysis using the House of Quality, there are several technical aspects
that deserve to be prioritized and prioritized in efforts to improve and improve the quality of existing
features and services in order of priority, namely (1). Make the design as comfortable as possible
for the integration of the area to the station, (2). Looking for optimization so that the priceof 300-
400 gets the unit, (3). Pressing HPP so that the selling price can be optimized and adjusted to a price
that is relatively acceptable and absorbed by the market, (4). Developing the integrity support
infrastructure to the station (connecting roads etc.), (5). Prepare a cash flow plan strategy with an
enlarged percentage of soft cash payers> 4 years.
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ABSTRACT

As a real concrete step to improve sales performance, Auto2000 has carried out various
marketing activities. Not only focusing on attracting new customers, Auto2000 also has a
project to optimize customer database especially from resigned salespeople called Treasure
Data. However, based on the result evaluation conducted by Marketing Division of
Auto2000 Head Office in the period of January-November 2020, the conversion rate of
repeat orders generated from Treasure Data project was only 0,02%, this number creates
a fairly high gap with the Key Performance Indicator (KPI) which should be 5%.

This research is focusing on the analysis to the flow process of Treasure Data utilization
on Auto2000’s website-based internal mobile phone application called Sales Activity
Management (SAM) through the theoretical approach of Business Process Management
(BPM) and process mining with case study methodology and quantitative analysis. The
process begins with the collection of event log data for each Treasure Data activity on SAM
which then becomes input for process mining in Process Diamond.

The purpose of this analysis is to see the patterns that most salespeople do when utilizing
Treasure Data on SAM and whether there are deviations or potentials to improve the
process so the Key Performance Indicator (KPI) of repeat orders can be achieved. At the
end of the research, this analysis is expected to provide a positive insight for Auto2000 to
re-engineer the process in order to generate maximum repeat orders through Treasure Data.

Keywords: Treasure Data, Business Process Management, Process Mining.

1. INTRODUCTION

One of the senior players in the automotive industry that is well known, especially by the
people of Indonesia, is Auto2000. Stated on the company’s official website, the company with
the full name PT. Astra International Tbk. - Toyota Sales Operation is a sales service network,
maintenance, repair, and supply of Toyota spare parts with management that has been fully handled
by PT. Astra International Tbk. Currently Auto2000 is the largest Toyota retailer in the world with
126 branches spread across almost all of Indonesia.
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Beside focusing on generating sales through efforts to attract new customers, Auto2000
also has a project to optimize their current customer database, especially customer database from
resigned salespeople. The project is called Treasure Data, which is a customer database utilization
process that is owned by Auto2000 but it is not well maintained because the salesperson who used
to handle these customers has resigned. Without this project, Auto2000 could potentially lose
revenue through repeat orders from these customers.

Treasure Data Flow Process

@@@ gl’j Q\
v .

Filtering Customer database Sales Spv. access Treasure Salesman who accept the data Branch Management and Head
from Salesman resign and Data menu on SAM and will claim, follow up, and update Office monitor the progress of
upload a list of database to distributes the data to SAM the result on SAM. every single data from ERP
SAM Sales Spv. Salesman (Sales Spv. can system.

distributes the data to all or

specific Salesman).

el

Figure 1.1 Flow Process Treasure Data Project
Source : PT. Astra International Thk. — Toyota Sales Operation (2020)

Figure 1.1 shows the flow of Treasure Data utilization process on SAM. The process begins
with automatic filtering by system for customer data that has no relationship with the existing
salesperson. These data will be uploaded to SAM sales supervisor regularly. Sales supervisor who
receives the data will get a notification on SAM to open the "Treasure Data" menu and see in detail
the history of each data such as who was the last salesperson who handled the customer, the last
unit purchased, etc. The reason why the data is not uploaded directly to SAM salesperson is because
the sales supervisor is considered to have more authority to assess which salespeople are eligible
to receive the data.

Furthermore, sales supervisor must distribute Treasure Data to active salesperson. Sales
supervisor can choose whether to distribute to all salesperson under his team or specific to one
particular salesperson. If the sales supervisor chooses to distribute data to more than one
salesperson, then the mechanism is first come first serve. The salesperson who is the fastest to
claim the data will automatically make the data disappear from other SAM salesperson. This
process aims to ensure that the follow-up activity will only be carried out by one salesperson only
so that it does not disturb the customers.

Salesperson who receives data will get a notification on SAM and must immediately claim,
follow up, and update the results in the "result status™ section on SAM. Basically, the results will
be divided into two, which is "deal" or "drop". However, before reaching that point, there will be
a journey of follow up activity for each customer data. All results for each data entered by the
salesperson in the "result status” menu on SAM can be monitored in detail by Auto2000 Head
Office and Branch Management (Branch Head & Sales Supervisors) through an internal ERP
system called the Toyota Dealership Management System (TDMS).

Based on result evaluation carried out of Treasure Data project during January-December
2020 carried out by Marketing Division Auto2000 Head Office, approximately 91,000 data were
uploaded to SAM to be utilized by the salesperson. From all of these data, repeat order generated
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were only 255 or about 0.02%. If you look at the conversion rate, there is a fairly high gap with
the Key Performance Indicator (KPI) of this project which is a 5%. Departing from this problem,
it is necessary to carry out further analysis to find the root cause of the problem and suggestions
for improvement so that the KPI of Treasure Data project can be achieved in the future.

2. METHOD

This study focuses on the analysis of the flow process of using Treasure Data on SAM with
the aim of generating repurchase or repeat order. The purpose of this analysis is to see how the
patterns that most salespeople do when utilizing Treasure Data on SAM and whether there are
deviations or the potential to improve the process so that the KPI of repeat order can be fulfilled.
This research using Business Process Management (BPM) theoretical approach and process mining
with a case study methodology and quantitative analysis.

Rosing (2015) provides a definition of BPM as a discipline that involves a combination of
modeling, automation, implementation, control, measurement, and optimization of business
activity flows in an appropriate combination to support company goals, encompass organizational
& system boundaries, and involve employees, customers and partners inside and outside the
company. On the other hand, Van Der (2011) defines process mining as a set of techniques in the
field of process management that support business process analysis based on event logs. The event
log itself is a process of recording history in the form of transactions or audit trail on an information
system tool as evidence of an ongoing transaction.

During process mining, special algorithms are applied to the event log data to identify
trends, patterns, and details contained in the event logs recorded by the system. Process mining
aims to increase efficiency and process understanding. The term process mining also refers not
only to techniques for finding process models, but also business process suitability and
performance analysis based on event logs.

| Stage 0: plan and justify |

Stage 1: extract

TTTT

Stage 2: create control-flom model
and connect event Iog

? amlu1w model

Stage 3: create integrated process
modal

| Stage ¢ operational support

Figure 2.1 Process Mining
Manifesto Source : Wil van der
Aalst (2011)
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In order to analyze with the process mining approach, the author will collect event log
data for each Treasure Data activity, starting from being uploaded to SAM sales supervisor,
distributed to SAM salespeople, claiming and being followed up by the salesperson, to the final
drop/deal result. This event log will be the initial data as input for processing on ProcessDiamond
application. Process Diamond itself is a business process analytics platform for process mining
with the aim of encouraging digital transformation and creating operational excellence

Various benefits can be obtained from process mining, such as knowing how a process is
running, whether the process is in accordance with the designed model, or knowing at what stage
a process is slowing down. In addition, process mining is also able to predict the number of delays
and design more appropriate model to solve problems.

This study using process mining approach to analyze the salesperson's flow process in
utilizing Treasure Data feature on SAM. Aalst (2011) introduces a process mining manifesto in the
form of a five stages L lifecycle model as shown in Figure 2.1 where this research refers to three
of the five stages in carrying out process mining. The three stages of process mining that will be
carried out in this study are as follows:

f  Stagel: Plan and justify.
In this stage, the research is focused on the customer database utilization of resigned
salespeople on SAM (Treasure Data project). First, it will be determined what questions
will be answered from the process mining that will be carried out. In this study, process
mining was carried out on the basis of questions about "how is the flow process of sales
supervisors and salespeople in utilizing Treasure Data on SAM?" The resulting answer
will be the basis for analyzing the root cause of the problem and producing suggestions for
improvement through Business Process Management approach to Treasure Data Project so
the KPI achievement of repeat orders can be better.

f  Stage 2 : Extract.

In this stage, a field study is carried out to find out the big picture of Treasure Data process

as awhole. In addition, data collection is also carried out such as project KPI and event logs

from each Treasure Data utilization activity on SAM. The event log data starts from when
Treasure Data is uploaded to SAM sales supervisor, distributed to SAMsalesmen,
claimed and followed up by the salesperson, until the final drop/deal results.

f  Stage 3 : Create control flow model and connect event log.
The last stage is to build a model of the event log data that has been collected and to analyze
normal and deviant paths in Treasure Data utilization process by salespeople on SAM. This
analysis involves the lead time variable because there is timestamp data for each Treasure

Data utilization activity recorded in the event log data. The results of this process mining

will be the basis for analyzing the root cause of the problem and generating ideas for
improvements to Treasure Data project so that KP1 of repeat orders can be achieved.

This research is included in case study research. As a case study, the data collected comes
from various sources and the results of the study only apply to the cases investigated. Furthermore,
Arikunto (1986) argues that this method is carried out intensively, in detail, and in depth on a
particular object. In this study, the object that is observed in depth is Treasure Data project in
Marketing Division Auto2000 Head Office. The following is a flow chart of the research process :
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3. EXPECTED RESULT & DISCUSSION
The results of process mining will be the basis for further analysis to find the root cause
of the problem and create improvement ideas through Business Process Management approach
using Kaizen Methodology and involving experts in related functions in Auto2000 to get valid and
comprehensive solution with the final result in the form of a Kaizen Plan for Treasure Data project.
The following is the analysis stages:
a Root cause analysis
The root cause analysis was carried out using why-why diagram method. The why-why
diagram itself is a tree diagram to find the cause or internal potential improvement from a
problem by asking "why" on each of the causal factors until it cannot be answered anymore.
The final result of each "why" question that can be answered is defined as the root cause of
the problem for which then to find a needed solution.
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Figure 3.1 Why-Why Diagram
Source : Visual Paradigm Online (2021)

b.  Countermeasure analysis

After finding several root cause of problem, the next process is to find a countermeasure or
solution to each of these root cause through discussions with the Department Head and
Division Head of related functions to produce appropriate and comprehensive solutions.
The solutions will then be mapped using cost benefit diagram in order to know which
solution provides the greatest positive benefit with the least development costs. Themapping
process is carried out based on discussion with the functions involved in it. For example, if
the solution is system development, then the IT team will be involved to provide information
about the estimated effort and cost of developing the system.

BENEFIT
N

yerdny

Rupiah

Figure 3.2 Cost Benefit Diagram
Source : CBA Builder (2021)
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C. Kaizen plan
The best solution from the cost benefit diagram will be the final result of the analysis and
discussion process in the form of a kaizen plan aimed for further development of the
Treasure Data project with the following detailed information obtained based on discussions
with related functions:

Table 3.1 Format Kaizen Plan

Solution Devl. Piloting Expansion Cost KPI PIC
Solution A | mm-yyyy | mm-yyyy | mm-yyyy Rp,- KPI A Dept. A
Solution B | mm-yyyy | mm-yyyy | mm-yyyy Rp,- KPI B Dept. B
Solution C | mm-yyyy | mm-yyyy | mm-yyyy Rp,- KPIC Dept. C
Solution D | mm-yyyy mm-yyyy | mm-yyyy Rp,- KPI D Dept. D

4. CONCLUSION

This research contributes to provide an overview of how users utilizing digital tools in a
process automation project especially in the automotive industry. At the end of the research, it is
hoped that this analysis will provide a positive insight for Auto2000 to re-engineer the process in
order to generate maximum repeat orders through Treasure Data. The expected results from these
observations are flow process mapping, improvement suggestions, and evaluation of results with
business KPIs in the form of total potential sales (suspect/prospect) and generated repeat orders.

5. REFERENCE

Aalst, Wil MP. van Der. (2011) Process Mining: Discovery, Conformance and Enhancement of
Business Processes. Berlin Heidelberg: Springer Verlag.

Coussement, K., Benoit, D. F., & Poel, D. V. (2015). Preventing customers from running away!
Exploring generalized additive models for customer churn prediction. In M. Dato-on (Ed.).
The sustainable global marketplace. Developments in marketing science: Proceedings of
the academy of marketing science. Cham: Springer.

Cherni, J., Martinho, R., & Ghannouchi, S. A. (2019). Towards Improving Business Processes
based on preconfigured KPI target values, Process Mining and Redesign Patterns.
Procedia Computer Science, 279-284.

Daly, C. & Freeman, T. 1997. The Road of to Excellence: Becoming a Process-Based Company
(The CAM-Process Management Guide). Institute of Management Accountants, CAM-I.

Davenport, T. H. 1993. Process innovation: reengineering work through information technology.
Harvard Business Press.

Dumas, M., La Rosa, M., Mendling, J., & Reijers, H. A. 2013. Fundamentals of Business Process
Management. (M. Dumas, M. La Rosa, J. Mendling, & H. A. Reijers, Eds.). Berlin
Heidelberg: Springer Berlin Heidelberg. Retrieved from https://doi.org/10.1007/978-3-
662- 56509-4_10

Elhadjamor, E. A. & Ghannouchi, S. A. (2019). Analyze in Depth Health Care Business Process
and Key Performance Indicators using Process Mining. Procedia Computer Science, 610-
617.

75



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

ER, M. & Astuti, H. M. (2014). A Case Study on Process Mining Implementation in Modelling
Supply Chain Business Process: A Lesson Learnt. 6th International Conference on
Operations and Supply Chain Management, Bali.

ER, M. 2018. Business Process Management: Konsep & Implementasi. Yogyakarta: CV Andi
Offset.

ER, M. Astuti, H. M., & Nastiti, A. (2015). Analysis of Customer Fulfilment with Process Mining:

A Case Study in a Telecommunication Company. Procedia Computer Science, 588—

596.

ER, M. Zayin, S. O., & Pamungkas, F. J. (2017). ERP Post Implementation Review with Process
Mining: A Case of Procurement Process. Procedia Computer Science 124, 216-223.

Harmon, P. 2015. The Scope and Evolution of Business Process Management. Handbook on
business process management 1: introduction, methods, and information systems (pp. 37-
80). Berlin, Heidelberg: Springer-Verlag.

Kumar, V. & Reinartz, W. 2012. Customer Relationship Management: Concept, Strategy, and
Tools. Springer.

Roldan, J. J., Crespo, E., Barrio, A. M., Tapia, E. P., & Barrientos, A. (2019). A training system
for Industry 4.0 operators in complex assemblies based on virtual reality and process
mining. Robotics and Computer Integrated Manufacturing, 305-316.

Rosing, M. von, Scheel, H. von, & Scheer, A.-W. 2015. The Complete Business Process
Handbook: Body of Knowledge from, Process Modelling to BPM, Volumen | (1% ed.). San
Fransisco, CA, USA: Morgan Kaufmann Publishers Inc.

Statements on Management Accounting No. 4NN. 2000. Implementing Process Management for
Improving Products and Services. Institute of Management Accountants.

Weske, M. 2007. Business Process Management: Concepts, Languages, Architectures. Berlin,
Heidelberg: Springer-Verlag.

76



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

FORECASTING MATERIAL NEEDS FOR ELECTRICITY
DISTRIBUTION AT PLN UP3 PAMEKASAN

Ratna Widya Fitriani
Department of Technology Management, Sepuluh Nopember Institute of
Technology, Surabaya 60111 Indonesia, E-mail: ratnawidyafitriani@gmail.com

ABSTRACT

Currently, PLN is becoming more selective in providing services, however, quality of
services remains a priority. Therefore, material requirements planning is very important to
accelerate the customer's electrical connection. This case study aims to forecast material
requirements at PT PLN (Persero) UP3 Pamekasan. UP3 Pamekasan has the highest number
of queues compared to others. The main cause of service delays is the insufficient supply of
materials. There are two methods used in this research, exponential smoothing and Atrtificial
Neural Network (ANN), where the predictor variables used are the value of connected power,
electricity consumption, electricity rates, electrification ratio, and the population of the
Madura Islands. Demand categories are grouped into 169 categories differentiated by material
requirements. The optimal forecasting method is obtained by iterating and comparing the
RMSE and MAPE values of each method. RMSE and MAPE values analysisshow that the
ANN method has a better level of accuracy than the exponential smoothing method with an
average MAPE value of 0 - 15%. Forecasting results show electricity demand for 450 VA
and 900 VA still dominate but show a downward trend. It happens because the value of the
electrification ratio is still 84%. Meanwhile, the downward trend is due to an increase in the
electrification ratio due to daily electricity connection. Demand for power upgrade is
predicted to increase, in line with the existence of the 3T (Frontier, Outermost,
Disadvantaged) areas that have been eliminated. Also, a comparison between actual
application data for January 2021, forecasting the company version, and forecasting using the
proposed method, shows that the proposed method has a MAPE value that is 2% lower than
the MAPE value from the existing method. The ANN method can be an alternative method
of forecasting demand, but it is only recommended for short termforecast.

Keywords: Forecasting, Material, Neural Network, Exponential Smoothing.

1. INTRODUCTION

The pandemic covid-19 affected various economic sectors. Including the impact on the
decline in electricity sales. PLN cash flow has slowed down. Therefore, PLN is currently becoming
more selective in providing services, however, the quality of service cannot be reduced. It is very
important to carry out optimal planning so that there is no stockout or even overstock which has an
impact on company losses. So that all demand can be fulfilled according to the standard level
agreement and the number of waiting lists can be suppressed, as well as ensuring that the use of
the budget becomes more effective, the authors calculate the main distribution material
requirements. The method used to predict the demand is the Artificial Neural Network method
and exponential smoothing, where the independent variables used as predictors are the amount of
connected power, power consumption, average electricity rates, electrification ratio, and
population of the Madura Islands. The results of demand forecasting
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translated into the total material requirements based on the bill of material for each category of
demand.

2. LITERATURE REVIEW
According to Maman A. Djauhar | (1986), forecasting is predicting events that will occur
in the future and aim to minimize the risks that may occur due to decisions taken by not eliminating
uncertainty factors. Meanwhile, according to Lalu Sumayang (2003), forecasting is an objective
calculation using past data to determine something in the future. Based on this definition,
it can be said that forecasting is an activity to predict something in the futureusing past data
that aims to minimize the risks that may occur.
Many types of forecasting are disseminated based on several aspects. Based on the time
aspect, there are three types of forecasting according to Heizer and Reder, 1996, that is :
1. Forecasting in the short term, where the forecasting period is less than three months,
2. Forecasting in the medium term, where this forecasting has a period of between three
months to three years,
3. Forecasting in the Long term, where the forecasting is more than three years.

Based on the nature of the forecast, forecasting can be divided into two types:
1. Qualitative Forecasting
Qualitative forecasting is forecasting which is carried out regarding past qualitative data
based on the knowledge and experience of the perpetrators. There are twomethods
included in the qualitative method, namely the explorative method and the normative
method.
2. Quantitative Forecasting
Quantitative forecasting is forecasting which is carried out regarding historical
quantitative data in the previous period. In doing quantitative forecasting, three
conditions must be met, that is :
o There is information about the state of the past,
« Existing information can be quantified in the form of numeric/numeric data,
« In several aspects, it can be assumed that the pattern of the past will continue in
the future.
In quantitative forecasting there are two models, that is :
o Time series model, where this model is based on the use of analysis of the
relationship between variables to be estimated with time variables, which iscalled
a time series. This periodic | series mode consists of several methods, namely
Exponential Smoothing and Moving Average, Regression, and Box - Jenkins.
o Causal model, where the model is based on the pattern analysis of the linkages
between variables (causal)

3. METHODOLOGY
3.1 Double Exponential Smoothing Method with Two Parameters

A double exponential smoothing method with two parameters is used when demand is
influenced by the trend but not influenced by season. According to Makridakis, Wheelwright, and
Hyndman (1998), this method smoothens the trend value with different parameters from the
parameters used in the original series. To forecast demand in the next period, it is necessary to
know the forecast level/value of the new smoothing and its trend stimulation. Here is the formula

78



The 2nd International Conference on Management of Technology, Innovation, and Project, 2021

for knowing the level forecast and trend estimation :

Lt = aYr + (1 - ij (Lr—i + T:-—i:] (2'1)
T:— = JB(L:-_ L:——i:] + (1 _JB)Tz-—j_ (2'2)

In formula (2-1), the smoothing value for period t requires data demand for period t, the
smoothing value for the previous period, and the value of the previous trend. After knowing the
smoothing value for period t, we can get the t-trend value (formula 2-2). If the forecast level and
its trend estimate have been obtained, then the real demand forecasting in period p can be obtained
with the following formula:

FH;: =L,+pT, (2'3)
Keterangan :
Lt : level estimate
Yt : demand in period t
Tt : trend estimation for
period t Y : forecast for future
period p
p : the period of demand forecast
o : smoothing weight factor or smoothing constant for the level (0 <a

<1) p :weight factor smoothing or constant for trend (0 <p <1)

3.1 Artificial Neural Network
Neural Network is a physical circular nervous system that can acquire, store and use the
knowledge that has been gained from experience. ANN represents the human brain in carrying
out certain tasks. Neural Network was created by Waffen McCulloh and Walter Pits in 1943 by
formulating a mathematical model of human brain cells. This method using the computer in
processing some information. Three elements that play an important role in ANN, that is :
1. Network architecture and the relationships between neurons,
2. Learning algorithms that function for the use of finding weights - network weights,
3. The activation function used.
Neural Network consists of several neurons that are connected and function to transfer the
information that you want to convey. The information will be stored as weight. The following is
an illustration of the Neural Network Structure which can be seen in Figure 1.
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Figure 1 Neural Network Structure
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Neural Networks have several advantages of ability and property in processing information,
which are nonlinearity, input-output mapping, adaptive, evidential response, contextual
information, fault tolerance, VLSI (Very Large Scale Integrated) Implementability, Uniformity of
Analysis and Design. and Neurobiological Analogy.

3.2.1 Multilayer Neural Network Architecture
This network consists of three-layer, that is the input layer, the output layer, and the hidden
layer. This network can solve more complex problems than the Single Layer Network but it takes
longer. The following is an explanation of the three layers of this network.
1. Input Layer
The number of layers of this network is only one layer which consists of several
numbers of neurons. The neuron starts from the first input neuron to the n™ input
neuron. The input layer describes things that will carry out the training process on a
Neural Network.
2. Hidden Layer
The hidden layer is a layer that lies between the input layer and the output layer. The
number of layers of this network is one layer to n layers which consists of several
numbers of neurons. These neurons start from the first hidden neuron to the n™ hidden
neuron. In determining the number of neurons in the hidden layer, there are several best
practices or rules of thumb that can be used. Based on the opinion of Haykin (1999),
the number of neurons in the hidden layer which ranges from 2 to 9 neurons can already
give good results in a network, but basically, the number of neurons from the hidden
layer used can be infinite.
3. Output Layer
The output layer is almost the same as the input layer. The number of layers of this
network is only one layer which consists of several numbers of neurons. These neurons
start from the first output neuron to the n™ output neuron. The number of neurons in the
output layer depends on the type and performance of the network itself.

3.2.2 Activation Function
The activation function is a function that will convert an input value into a specific output
value. In the Neural Network, the information will be sent to the neurons via input with a certain
initial weight. This information will be processed by a propagation function which will add up
the values of all incoming weights. Functions that are commonly used are:
1. Binary Step Function
Binary functions convert input units, where the value of the variable is continuous
which results in the output value is binary (i.e. 1 or 0) or bipolar (1 or 1).
2. Signum Function Binary
Converts the input of a continuous variable to an output of 1,0, or -1.
3. Sigmoid Function Binary
This function is used for neural networks that are trained using the backpropagation
method. The binary sigmoid function has a value in the range of 0 to 1. Therefore this
function is often used for neural networks that require output values that are located in
the interval O to 1.
4. Hyperbolic Tangent Binary
This function will carry the input value using the hyperbolic tangent sigmoid formula.
The maximum output value of this function is 1 and the minimum is -1.
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5. Linear Derivative Binary
Linear functions have the same output value as the input value. y = x. This function is
usually used in the input unit to give the initial value for each unit price.

3.2.3 Backpropagation Method
Backpropagation is an Artificial Neural Network method that uses the Supervised Learning
algorithm and is usually used by perceptrons with many layers to change the weights that are linked
with neurons in the hidden layer. The backpropagation method consists of several layers, namely
as follows:
1. Input Layer
The input layer is 1 layer consisting of input neurons, starting from the first input neuron
to the n™ input neuron. In this case, the input layer will represent the conditions that
will conduct training on the network.
2. Hidden Layer
The hidden layer consists of several hidden neurons ranging from the initially hidden
neuron to the n'™ hidden neuron. In the Hidden layer, several method rules can be used
to determine the number of hidden layer neurons ranging from N + 1 for a multilayer
perceptron neural network, and a value of about 2N on a bridged multilayer perceptron
neural network. So it can be concluded that the number of hidden neuronsn up to 2n
can produce good results in the network, but basically, the number of hidden neurons
used can amount to infinity.
3. Output Layer
In general, it is almost the same as the input and hidden layers, the output layer is one
layer consisting of output neurons starting from the first output neurons to the n" output
neurons. The number of output neurons depends on the type and performance of the
neural network itself.
In the Artificial Neural Network Backpropagation method, there are 3 stages in the training
process, namely as follows:
o Feedforward of the input
« Calculation and backpropagation
« Adjustment of weight values based on output error.
The backpropagation algorithm will use the error value from the output to change the
weight value. However, to get this error value, it is necessary to do the feed-forward process first.

3.3 Evaluation of Forecasting Methods

It is necessary to do an evaluation process in modeling the forecasting process to determine
the performance of the forecasting methods that have been carried out. The test is carried out to
find out the errors that exist in the forecasting model made with two measurements,namely as
follows:

e Mean Square Error (MSE)
Mean Square Error (MSE) measures the accuracy of the forecast by averaging the square
value of the resulting error. The formula for calculating MSE is as follows:

T: P o |:
Mean Squared Error MSE = ===l (2-17)

n
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MSE means the average of the squared error, where X i is the actual data and f i is the
predicted value, and n is the number of observations.

e Mean Absolute Percentage Error (MAPE)
Mean Absolute Percentage Error (MAPE) is a parameter that is often used in forecast
evaluation. MAPE represents the error value of forecasting in percentage units. The
MAPE value is obtained through the following calculations:
r'll.'l.l.ﬂfl_—ﬁ il':":’ﬂ.‘-'l. }‘Ll:'l:':"":
Mean Absolute Percentage Error  ; MAPE =} ——=& (2-

2l

18) Where :
MAPE : Mean Absolute Percentage
Error N : The number of periods

Actual : Actual data
Forecast : forecasting
results

The following is a comparison of the level of accuracy of the forecasting results based
on the MAPE value, shown in table 1.

Table 1 Level of Accuracy based on MAPE Value

MAPE Interpretation
<10% Very Good
10% - 20% Good

21% - 50% Enough

>50% Bad

4. ANALYSIS
4.1 Determination Analysis of Forecasting Methods

The stages of data processing are data processing using the double exponential smoothing
method, data processing using the artificial neural network method, and calculating the accuracy
parameters of the forecasting method using the root mean square error and mean percentage error.
Before data processing, the authors conducted several preliminary tests to determine the
characteristics of the data to be processed. The initial test conducted was testingthe
distribution assumptions and plotting data. Testing this distribution needs to be done to further
narrow the selection of the forecasting method, whether to use a method that requires using a
probabilistic distribution or a method that does not require using a probabilistic distribution. In the
case study of forecasting material needs at PT PLN (Persero) UP3 Pamekasan,the demand
population data is unknown, so testing needs to be carried out to confirm thedistribution of the
sample again. In this case, the project is the entire application for the East Java Region, while the
term sample is intended to define the application in the PT PLN (Persero) UP3 Pamekasan area.
Normal distribution testing is done using the Shapiro Wilk test. The test was chosen because it is
suitable for testing small amounts of data, that was less than 50 data. In
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addition to the Shapiro Wilk test, the author also uses the statistical values of skewness and kurtosis,
as well as the QQ plot. Based on the test results, it is known that both the dependent
variable/predictor and the dependent variable have not fulfilled the normal distribution assumption.
After it is known that the overall data has not met the assumption test, the authors plot the demand
data to find out whether the demand is following trend pattern, horizontal pattern, cyclical pattern,
or seasonal pattern. Through this data plotting stage, it is known that the demands are very volatile,
not stationary, and show a trend influence on the demand category 450

- 5,500 VA, but do not show any seasonal patterns in the overall demand data. This can be
correlated with the condition of PLN UP3 Pamekasan which is still included in the 3T area category
(Disadvantaged, Outermost, and Frontier). The characteristic of the 3T area, in general, is the
inadequate network availability so that it has not reached all remote areas. This has an impact on
the types of business and industrial investment in the region, so that the amount of demand for the
industry/business category with power above 10,600 VA is fairly small, with growth that cannot
be accurately predicted. Besides, the 3T area is dominated by demand for the households R1 450
VA and R1 900 VA tariff groups, where the tariff groups are subsidized household rates, which
naturally tend to decrease in number over time (reflected in the plotting data. ). Meanwhile, the
tariff group of R1M 900 VA and above tends to increase due to the trend of improving the economy
and lifestyle of the local community after electricity reaches the regions.

Based on the trend of data patterns, data processing is then carried out using the double
exponential smoothing method, because this method is suitable for data that is influenced by trends.
The double exponential smoothing method uses 2 smoothing constants, which are intended to
minimize errors due to fluctuating data. Apart from these methods, an artificial neuralnetwork
method was also carried out. The ANN method was chosen because of its ability to map patterns
on input and patterns on output. ANN is a method that focuses on the learning process, where ANN
can identify patterns in the historical data used. ANN is tolerant of many types of data and can
identify a data pattern that is incomplete or noisy. In the case of prediction based on time series,
ANN can study temporary patterns in data in the past time series, so that ANN can make
predictions on time series data properly and by the demand patterns at PT PLN which tend to
fluctuate.

At the data plotting stage, we can also see the types or categories of demand that have not
had historical data for the last 3 years. The types of demand that do not have historical data are
then eliminated because at this time quantitative forecasting cannot be carried out. There are 35
independent variables/demand categories issued from data processing. Special treatment is needed
to follow up on these 35 types of requests, namely by analyzing trends in customers' electrical
energy usage. The energy usage analysis will show the potential customer can offer to make a
power upgrade. The procurement of special materials for proactive marketing itself is adjusted to
the company's investment budget ceiling and financial and technical feasibility studies for
potential customers. Basically, for 35 types of demand that do not have historical data,PLN UP3
Pamekasan needs to analyze energy used and make financial and technical studies as a basis for
selecting customers who will be offered a new installation service or power upgrade offer.

The results of calculating the root mean square error generally show the superiority of the
ANN method's accuracy compared to exponential smoothing. Based on the comparison of RSME,
the result shows that there are 2 types of requests for Y93 and Y162 that are more optimal  using
the exponential smoothing method, although, when compared to using the MAPE parameter, the
ANN method overall shows better performance. In terms of value, the
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percentage of the MAPE value for the two types of requests is still classified as very good because
it is less than 10% so that forecasting can be done using the exponential smoothing method or
ANN. The two variables predicted by using the exponential smoothing method are power demand
with an extension with the capacity of 164,000 VA and Power Upgrade requests with the capacity
of 53,000 VA power. The difference in forecasting methods for each type of demand is very
possible because there are differences in customer characteristics based on the connected power.
Of course, the pattern of demand for power of 450 VA to 5,500 VA which is dominated by
household users will be different from the pattern of demand for power from 10,600 VA to 197
kVA which is dominated by customers with business or industrial interests. The differences in
these characteristics then affect the patterns and methods that will be suitableto be used for
forecasting. In the 3T area itself, the growing business and industrial climate havenot developed
too fast, so there will be high uncertainty in projections. Historical data for 3 years which shows
the number of requests can be said to be insufficient to be used for projections because it only
shows that there are 1 or two requests in 1 year, even 2 years, due to the experimental process of
data processing using the forecasting method, showing the value of the RMSE parameter and
MAPE is very good.

4.2 Analysis and Discussion of Forecasting Results

In forecasting materials, projected material requirements cannot be done separately, but
must be adjusted to the needs of each specific customer demand. Therefore, before calculating
material requirements, forecasting of demand is first carried out. There are 169 types of demand
category. All demands cannot be put together or counted together because they have different
material component requirements both in terms of type and quantity.

After determining the optimal method for all types of demand Y1 to Y169, the next step
is to forecast demand. By the pattern in historical data, the demand projection still shows the
same pattern. Demand is dominated by range connection power between 450 VA to 5,500 VA
prepaid with the highest composition being the connection with JTM expansion, then in the second
place connection with low voltage network expansion (JTR), and the last is without expansion. An
expansion of medium voltage network (JTM) for low-voltage connection is still needed in the UP3
Pamekasan area, because the distance between population centers in the Madura Islands is quite
far, especially in the islands around Madura Island where there is no electricity network.

The next step, after obtaining the projected value of demand, is to calculate the material
requirements for each demand category. The amount of material needed is obtained by multiplying
the number of needs for 1 customer with the projected number of customers. At the end of the
study, the authors made a comparison between the results of forecasting the demand made by the
company with the forecasting results carried out by the ANN method and exponential smoothing.
Based on comparisons using data for the period January 2021, it can be seen that the forecasting is
slightly better than the existing method. This is indicated by theMAPE value of the proposed
method which is 2 % lower than the MAPE value of the existing method. Therefore, the proposed
method can be an alternative method of forecasting demand at PT PLN (Persero) UP3 Pamekasan
in the planning stages.
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Table 2 Comparison Between Existing Method and Proposed Method

Forecast Value Forecast VR
Realizati using Existin BB NI
ealization g 9 Double Exponential
Demand Category Demand in Method SrrariliT
- g
Januari 2021 NAP
Pred E Pred MAPE
New Installment with no expansion (1 3383 1817 2 606
phase)
New Installment with no expansion (3 14 3| 39% 23| 37%
phase)
New Installment with low voltage
expansion (1 phase) 1.253 1.294 1.281
New Installment with low voltage
expansion (3 phase) 20 19 18
New Installment with medium voltage
expansion (1 phase) 900 661 1.332
New In_stallment with medium voltage 10 21 20
expansion (3 phase)
Power Upgrade 1.070 1.128 1.220

5. CONCLUSION

The ANN method is a method that is adaptive to changes in data patterns. ANN's method
can identify patterns in the historical data used. ANN is tolerant of many types of data and can
identify a data pattern that is neither sticky nor noisy. However, the ANN method also has
disadvantages in numerical operations. The ANN method lacks precision for processing large
amounts of numerical data. ANN works based on a given input data pattern. The precision of
forecasting depends on determining the training and testing samples, as well as the number of
hidden layers and neurons in them to determine the weight of each input. So for implementation
at the company level, the ANN method is only recommended for forecasting in the short term. The
use of ANN to make predictions can be done at least every 3 months to update predictions
according to market conditions or demand patterns. This short-term forecast is under the policies
of PT PLN (Persero) during the pandemic period to face the economic crisis.

The ANN method has a flexible architecture. In its implementation, forecast evaluation in
each period must be done if the ANN method is used. ANN architectural modifications can also be
done if necessary, by modifying the number of hidden layers or using a different number of hidden
layer neurons to obtain better forecasting results for each forecast period. Also, after the forecasting
is carried out, the ordering of materials to vendors is not only calculated based on the results of the
forecasting but also the remaining queues that have not been served in previous periods are added,
so that the connection queue does not get longer. By evaluating and improvingthe ANN method
architecture at the end of the forecast period, PLN UP3 Pamekasan will be able to obtain more
accurate forecast results and obtain the architecture that best suits the demand patterns in the region.
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ABSTRACT

The location selection of business facilities is very influential on the success of an
organization, especially in cigarette companies that have national market segmentation.
Determining the location of this distribution office is important because it will affect long-
term business decisions. The location of the distribution office will affect the reach to the
consumer area and the costs incurred. This study aims to examine the most appropriate criteria
in selecting the distribution office of an international affiliated cigarette company. The object
of this research is the distribution area offices in East Java, Indonesia, which are spread over
several zones. The research method uses a quantitative approach, with data obtained through
company databases and location identification studies. Then the data is processed using
Spatial Point Pattern (SPP) analysis which will capture the significancy of the selection factor
of office locations in the poisson process model. It is expected that from the results of this
study, the company can select locations that are accurate on target and contribute to the
continuity of its business. The results of the intensity homogeneity analysis showed that the
distribution office location distribution of the company is a homogeneous poisson process,
which is influenced by the same factors. From the results of parameter estimation, it is found
that among other factors, the factor that plays the significant role is availability of
infrastructure and strategic location.

Keywords: distribution office location, spatial point process.

1. INTRODUCTION

The business location factor affects the differences in the level of organizational success and
differences in organizational strengths and weaknesses. In a competitive situation, location factors
can be critical factors which make it very important. In order for a business to be run to compete
effectively, the business location must be strategic and easy to reach. The choice of location for a
company will affect the risks and benefits of the company as a whole, considering that location
greatly affects both fixed and variable costs, both in the medium and long term. Transportation costs
can reach 25% of the selling price of the product, depending on the product and the type of
production or service provided. Thus, it can be said that a quarter of the company's total revenue
may be needed only to cover the cost of transporting service products out of and into the business
location (Heizer et al., 2017). The decision to place a business location will be determined by supply
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variables (land, labor and capital costs, labor and technological characteristics), demand variables
(market size and market accessibility) and agglomeration economies. Selecting the right business
location means avoiding as many negative effects as possible and finding the location that has the
most positive factors. Once an organization determines the location of its business to operate in a
certain area, it will incur many costs and are difficult to reduce (Mota & Brand&o, 2013). Several
researchers considered several important factors including agglomeration economies, industry
specialization index, labor, fiscal conditions, transportation infrastructure, and land development
characteristics (Bhat et al., 2014). The business location facility factor and the allocation of
customers to be served from the operating facilities have a strong economic, environmental and
social impact. Although decisions on facility location issues may have varying effects on these
impacts, the simultaneous consideration of these effects in the early stages of decision making for
facility location selection and business location network plans has attracted the attention of
researchers in the area of facility location decision making (Anvari & Turkay, 2017).

Zandiatashbar et al (2019) consider location factors, facility density factors and sustainable
aspects in selecting business locations with high technology facilities using descriptive statistical
methods and Anova (Zandiatashbar et al., 2019). Nurzukhrufa et al (2019) surveyed a questionnaire
on class a multifunctional office consumers in Surabaya, and it was found that among various
indicators, proximity to public facilities, noise, and building age were 3 indicators of the causes of
dissatisfaction (Nurzukhrufa et al., 2018). Mota and Branddo (2011) present a count data modelfor
determining business location by considering the factors of land prices, labor and capital costs, labor
and technology characteristics, market size and accessibility (consumers) and the agglomeration
economy (Mota & Branddo, 2013). Anvary and Turkay (2017) present a decision support framework
for the problem of facility location with an emphasis on sustainability aspects by taking into account
social, economic and environmental factors (Anvari & Turkay, 2017).

This study conducted in East Java Distribution Area, Indonesia. From the review of various
location selection factors, the selected factors aim to maximize company benefit, especially for
cigarette companies whose activities require warehouses and distribution offices in each of the areas
that are their business scope. The research problems that will be examined in this study are:
1.What is the distribution pattern of the distribution office point location based on the intensity

homogeneity analysis?
2.What factors influence significantly the selection of the distribution office location?
3.What is the implications of significant factors to the distribution office placement policy?

2. METHODS AND MATERIALS
2.1 Methods

In the current era, some researchers take spatial aspects into their analysis of business
location determination. Rahman and Kabir (2019) used a questionnaire survey and spatial analysis
using a GIS tool for selecting locations to place manufacturing facilities (Rahman & Kabir, 2019).
Bhat et al (2014) present a multivariate spatial model for determining company location (Bhat et al.,
2014). Sabater et al (2011) present a discrete spatial choice model with the Non-Homogeneous
Poisson Process (NHPP) (Alaméa-Sabater et al., 2011). Based on a review of previous research, it
can be concluded that spatial data analysis is important in determining the location of business
facilities. Based on a review of previous research, it can be concluded that spatial data analysis is
important in determining the location of business facilities. From the summary of researchers in the
past 10 years, there are at least four researchers (Foued 2021, Rahman and Kabir 2019, Bhat et al
2014, Sabater 2011) who consider spatial data in their analysis. Although the four researchers above
combined statistical methods with spatial analysis, only Foued (2021) integrated spatial data into
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his modeling in the same stage as multivariate statistical analysis. While the other threeresearchers
(Rahman and Kabir 2019, Bhat et al 2014, Sabater 2011) combined spatial analysis, but in a separate
process from the multivariate statistical analysis stage. This study takes a position to participate in
the study of the location of business facilities spatially using the spatial point pattern approach,
where a probabilistic statistical analysis will be presented that integrates the poisson process with
an intensity analysis of the office points as the object being reviewed. This approach has never been
carried out by researchers in this field before, with the existence of this research is expected to fill
the theoretical gap.

Spatial point pattern is a random pattern of points in d-dimensional space, with the number
of dimensions equal to or more than two (Baddeley et al., 2015). Spatial point pattern is used as a
statistical model to analyze the point distribution pattern, where the point represents the location of
a research object. An important role of this method is to identify spatial trends in point intensity.
Statistical analysis of point spatial layouts can reveal important features (Baddeley & Turner, 2006).
Some researchers use this method to examine patterns in the field of ecology (Law et al., 2009),
study the distribution of earthquake events (Ogata, 1998), find out extreme symptoms in the field of
climatology (Sang & Gelfand, 2010) and determine the factors of drinking water facilities damage
(Nugroho & Iriawan, 2019). Analysis of the distribution pattern in this case is the main focus that is
important to study in spatial point patterns. The Poisson Point Process can be used as an approach
to the spatial point process if it assumes that there is no interaction between one point location and
another.

Poisson Point Process is divided into two types: non-homogeneous point process and
homogeneous point process (Baddeley & Turner, 2006). The Poisson distribution is a type of
distribution of the number of events at a certain time interval or in a certain area. These events
depend on a certain time interval or a certain area, where the results of observations are in the form
of discrete data and between events are mutually independent. In this study, it is assumed that the
location between one location and another has no interaction, so it qualifies to use the spatial poisson
point process method. Data variables are displayed in the form of a pixel image. The method used
in this research is the smoothed kernel for point pattern. This method is used for the density function,
which calculates the convolution of the isotropic gaussian kernel from the sigma standard deviation
with the point mass at each data point at x location. Convolution is conducted by multiplying the
pixel image to the next pixel by the matrix. The kernel smoother is usually a small matrix value used
in image convolution (Xia & Ludwig, 2016). From the pixel image intensity, the homogeneity test
in the Poisson process is carried out to determine whether the intensity of the observed point pattern
is categorized in the homogeneous point pattern or the non-homogeneous point pattern (Baddeley
etal., 2015).

2.2 Materials

The research variables that proposed in this study consist of response and covariate variable.
Response variable proposed in this study is the number of office location point with a certain latitude
and longitude geographical coordinate. The data will be displayed visually as a planar pointpattern
then transformed into a pixel image display (Baddeley & Turner, 2005). The covariate variables
proposed in this study is the strategic location, building readiness, infrastructure, safety and security,
exposure and commercial which displayed as pixel images or marks point patterns (Baddeley &
Turner, 2005). The distribution zone boundary is used as the grid of model density, where the
covariate variable is transformed into a pixel image and then extracted into 6 grids, based on the
number of distribution zone (Moser et al., 2015). Research variables and data structures in this study
are shown in table 1 and table 2.
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Table 1. Research Variables

Variables Scale Description
Y Ratio Number of distribution office points
X1 Ratio Strategic Location
X2 Ratio Building Readiness
X3 Ratio Infrastructure
X4 Ratio Security and Safety
X5 Ratio Exposure
X6 Ratio Commercial

Table 2. Data Structure

Grids Y X1 X2 X3 X4 X5 X6
1 Y1 X1.1 X1.2 X1.3 X1.4 X1.5 X1.6
2 Y2 X2.1 X2.2 X2.3 X2.4 X2.5 X2.6
3 Y3 X3.1 X3.2 X3.3 X3.4 X3.5 X3.6
4 Y4 X4.1 X4.2 X4.3 X4.4 X4.5 X4.6
5 Y5 X5.1 X5.2 X5.3 X5.4 X5.5 X5.6
6 Y6 X6.1 X6.2 X6.3 X6.4 X6.5 X6.6

The data analysis process proposed in this study as follows:

NN

T

o

o

Analyse the characteristics of office location patterns.

Conduct the goodness of fit test.

Conduct the homogeneity of intensity test.

Develop spatial poisson point process model

Estimate model parameters using the Bayesian method

Make conclusions and recommendations from the results of the analysis.
estimate parameters, the Bayesian algorithm used as follows:

Form the probability function.

Determine the prior distribution that depends on the frequentist result.
Form a posterior distribution based on the prior distribution.

Form full conditional posterior distribution for estimated parameters.
Perform an iterative process of estimating parameters using Gibbs sampling, meet irreducible,
repetitive, and aperiodic characteristics.

Determine the best model parameters.

3. RESULTS AND DISCUSSION
3.1 Goodness of fit test

The goodness of fit test using the Anderson-Darling method was conducted to determine the

suitability of poisson distribution as a pattern approximation. Based on the test results in Table 3,
the statistical value is 0.30354, while the critical value obtained is 0.51962 using an alpha 0f5%.
It is found that the data distribution pattern of office location points can be approached as a poisson
distribution pattern and meets the poisson process criteria.
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Table 3. Goodness of fit test result

Statistic Value Alpha Critical Value
0.30354 0.05 0.51962

3.2 Pattern of office point locations

Figure 1 shows visually that office point locations in East Java have ahomogeneous pattern
with a central peak pattern. The intensity homogeneity test using the chi-square method was carried
out to determine whether the office distribution was homogeneous or non-homogeneous poisson
process type. The test results in Table 4 provide information that the chi-square statistical value is
2.2676 and the p-value is 0.378 using an alpha of 5%. It is found based on the test result that the
office point location pattern is categorized into homogeneous poisson process. By this result, it is
also found that there is no need to conduct a mixture identification analysis.

0.01 0.014

0.006

0.002

Figure 1. Intensity of office point location (in each km?)

Table 4. Homogeneity of intensity test result

Statistic Value Alpha p-value
2.2676 0.05 0.378

3.3 Homogenous poisson point process model

The posterior distribution is used to obtain the estimation of model parameters, where the
Markov Chain Monte Carlo (MCMC) is used as an approximation. The results obtained have to
meet the nature of irreducible, aperiodic, and recurrent which can be seen from the results of history
plots, autocorrelation, and kernel density. Based on Table 5, it can be seen that only Beta 0, Beta 1
(strategic location) and Beta 3 (infrastructure) parameters are significant in the model. This is
because the credible interval of the two variables does not exceed O (zero). The most significant
parameter in the model is Beta 3 (infrastructure).
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Table 5. Estimation parameter result

Parameter Mean Standard 2.5% Median 97.5%
Deviation
Beta 0 1.76 0.3035 0.7327 1.346 1.924
Beta 1 -0.2465 0.2020 -0.436 -0.2477 -0.0362
Beta 2 -0.00842 0.4371 -0.862 -0.008057 | 0.8498
Beta 3 0.66855 0.3346 0.3696 0.6992 0.9867
Beta 4 -0.09718 0.4289 -0.9384 -0.096 0.7417
Beta 5 0.004588 0.3951 -0.7746 0.006345 | 0.7725
Beta 6 0.06714 0.3119 -0.5419 0.06666 0.6781

The Poisson regression model for homogeneous point pattern is as follows:

A=exp(B0 + Bl X1 + B2 X2 + B3 X3 + 4 X4 + B5 X5 + 6 X6) 1)
which :

A : Office location intensity

B : Poisson regression parameter

X : Predictor variable

With the results of parameter estimation that only shows Beta 0, Beta 1 and Beta 3 as significant
parameters, the equation (1) becomes:
L =exp(1.76 - 0.2465 X1 + 0.66855 X3) (2

Where the relationship between the Beta 1 parameter (strategic location) and office location
intensity is negative, which means that the shorter the distance to the market outlet, the higher the
selection accuracy of the location. Meanwhile, the relationship between Beta 3 (infrastructure
availability) and office location intensity is positive, where the higher the availability score of a
location, the more accurate the location will be to select. The poisson regression parameter value in
equation (2) also shows that the most significant parameter in the model is the availability of
infrastructure.

The availability of infrastructure is also a support in making decisions regarding business
facilities. This is in line with research work by Foued (2021), Huang et al. (2020), and Alama-
Sabater et al. (2019) which found that the infrastructure variable as a significant factor that
influences decision making in placing industrial facilities. If we observe at the exploration of the
covariate variable in Figure 2 where there is a slight gap between the northern and southern regions,
in a condition where the northern coastal areas have lower availability of supporting infrastructure
than the central and southern regions, the company prefers to place distribution offices more towards
the middle and south which have better availability. There is a possibility because, in contrast to
other products, such as food and textiles in Foued (2021), cigarette products have a larger range and
threshold. So that the placement of a location that is slightly further from the outlet (but still
within the range of an adequate distance), is still possible rather than placing a location close to the
outlet but is not supported by the existence of a water network, electricity, and telecommunications
networks that are sufficient for operations. The act of expanding the distribution area can be chosen
by the company to overcome this. For example, the location of the Gresik distribution office not
only serves the Gresik Regency and Gresik City areas but also servesthe Lamongan Regency area.
Because finding a distribution office located in the Lamongan Regency area that has the availability
of supporting infrastructure is more difficult than expanding the Gresik distribution area which only
risks increasing operations to reach outlets in Lamongan Regency. This also means that the choice
of a location that has adequate infrastructure takes
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