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Abstract. This study aims to explore the use of digital systems to reduce import process costs, 

increase the percentage of national direct deliveries from ports to consumers, and analyze the 

impact of proposed improvement measures. The research employs a single case study approach 

with data collected through observation, document analysis, and quantitative data collection 

from one of the biggest plastic resin distribution companies in Indonesia. The data were analyzed 

using the CIMO (Context-Intervention-Mechanism-Outcome) logic to understand the context 

and impact of the interventions implemented. The findings reveal that the application of digital 

technologies such as the Internet of Things (IoT), Blockchain, and cloud-based management 

systems with real-time container tracking digital applications can optimize supply chain 

processes and sustainability. There was a notable reduction in the national average container 

storage costs at ports from $2.4/Ton to $1.8/Ton and an increase in the average percentage of 

national direct deliveries from ports to consumers from 17.3% to 22.0% before and after the 

implementation of the container tracking system. These results confirm that adopting digital 

technologies in plastic resin distribution companies not only improves operational efficiency, 

provides a competitive advantage in the market but also reduces carbon emission by using single 

trip directly to customers. Companies are advised to enhance employee training related to new 

technologies and adopt integrated systems within supply chain processes. Furthermore, 

continuous innovation using technologies such as artificial intelligence is essential for 

maintaining industry competitiveness and sustainability. 
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1.   Introduction  

Plastic resins are essential raw materials widely utilized in packaging, automotive, construction, 

electronics, and other sectors. However, according [1] currently the industry is facing major changes 

that have a significant impact on various sectors, along with the increase in plastic production globally. 

Trade policies in Indonesia also affect import costs [2]. Although there are several free trade agreements, 

protectionist policies often implemented to protect domestic industries continue to add to import 

burdens. Furthermore, [3] confirmed that the complicated import administration processes consume time 

and incur additional costs for importers. Plastic resin distribution companies in Indonesia face 

significant challenges related to import and logistics costs, especially with intense price competition in 

the industry.  

Digital technologies, including the Internet of Things (IoT) and big data [4] and blockchain have 

brought improvements in efficiency and accuracy across various logistics processes. One of its main 

benefits is the ability to monitor the status of goods in real-time at every stage, from ordering to delivery 

to customers. Digitalization in the supply chain can reduce costs in several ways [5]. One of the key 

benefits of digitization is increased information transparency and connectivity, which allows for timely 

and accurate information sharing. In addition, monitoring capabilities offered by digital technology in 

real-time can improve the reliability and speed of supply chain response. With the ability to predict risks 

and make decisions based on rapid analysis of information, organizations can respond more efficiently 

to internal and external disruptions, which in turn can reduce operational costs. Digitization of the supply 

chain can contribute to lower costs [6]. One of the benefits identified is better inventory management 

and control, which can lead to reduced inventory levels and associated costs. Supply chain digitalization 

also reduces transportation and storage costs [7]. In terms of plastic resin distribution, a digitalization 

system increases the number of direct deliveries to consumers from ports. This information system will 

reduce the cost of loading and unloading in the warehouse as well as the cost of transportation back from 

the warehouse to the consumers. The research also support sustainability supply chain to reduce gasoline 

consumption can be impacted to pollutant emission reduction [8] by reducing the amount of 

transportation from warehouse to customers used to fulfill customer’s orders. 

This study focuses on three core issues faced by a leading plastic resin distributor in Indonesia: (1) 

reducing container storage costs at ports, (2) increasing the share of direct deliveries from ports to 

consumers, and (3) utilizing digital technologies to optimize import process costs and supply chain 

efficiency and sustainability, enhance container direct delivery efficiency. Using a single case study [9] 

design combined with CIMO-Logic [10], the research evaluates how real-time digital monitoring 

impacts operational outcomes and competitiveness in this sector and will made the business sustain.  

The objective is to provide empirical evidence on the benefits of digitalization in supply chain cost 

control and delivery efficiency and supply chain sustainability, offering actionable insights for 

practitioners and policymakers aiming to improve import logistics in Indonesia.  

2.   Methods 

2.1.   Research Framework 

The research utilizes a single case study approach combined with CIMO-Logic to investigate the impact 

of digital technologies on import process costs and delivery efficiency. The case company is one of 

Indonesia’s largest plastic resin distributors, selected for its representativeness and the logistical 

challenges it faces. All data in the research is acknowledged and permitted by the company. 

Quantitative data were collected from the company’s ERP system covering import process costs, 

storage costs, and the percentage of direct deliveries from the ports to consumers. The data spans two 

periods: before implementation of the digital container tracking monitoring system (January to 

September 2024) and after implementation (November 2024 to January 2025). Four major Indonesian 

ports; Belawan (MDN), Tanjung Emas (SMG), Tanjung Perak (SBY), and Tanjung Priok (JKT)—were 

included in the study. 

Qualitative data were gathered through semi-structured interviews with experts in the company 

conducted in depth to allow for in-depth exploration while remaining focused on the research topic [11], 
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and observations of operational procedures. According to [12], the researcher acts as an observer of the 

participant to gain direct insight. Document analysis supplemented data collection by reviewing records 

and reports relevant [13] to import costs and delivery. 

To ensure validity, triangulation of multiple data sources was applied. The CIMO-Logic framework 

guided the analysis as Figure 1, connecting the contextual (C) challenges with the digital interventions 

(I) implemented, the mechanisms (M) activated, and the outcomes (O) observed.[10] stated that CIMO-

logic method appropriate for addressing practical industrial challenges and problems. 

 

 
 

Figure 1. CIMO-Logic 

Source: [14] 

2.2.   Data Analyze  

Data from the use of real-time visibility digital technology will be compared with data on import process 

costs and the number of direct deliveries from ports to consumers taken from November 2024 - January 

2025 and then compared with data before implementation, namely January 2024 - September 2024 by 

means of hypothetical methods [15] to measure how much change has occurred with formula  t-Test 

Unequal Variance (Welch’s t-Test): According to [16], it can be used if the variants of the two data 

groups are different (variant homogeneity is not met).  

The formula used is: 

 

(1) 

 

Noted: 

   = Average sample 1 and 2 

  = Sample variances 1 and 2 

 n1,n2  = Sample size of each group 

3.   Results and Discussion 
3.1.   Single Case Study Data Result 

The observations result that have been made at each step of the process of carrying out the import process 

at one of the largest distributors in Indonesia can be seen in Figure 2. The current condition in the import 

process that is a problem in this study is in the process of shipping containers from the suppliers to the 

destination port in Indonesia carried out by the Shipping Line where if there is a change in ETA 

(Estimated Time Arrival) it is not detected directly so that sometimes these changes make the 

preparation less predictable, especially if there is a change in arrival so that it comes at the same time. 

Inaccurate ETA information causes sales and warehouse teams to be unable to provide accurate 

predictions to accommodate the container unloading process at consumers and in the company's 
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warehouse with a good schedule. The issues cause the cost of storage at the port because of the limited 

unloading capacity, and the number of direct deliveries from the port to consumers is not optimal 

 
Figure 2. Import Process Before Implementation Digital Application 

 
3.1.1.   Quantitative Data Collection  

 

Table 1. Storage cost data ($/Ton) Period January – September 2024 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Tahun 2024
Belawan-

MDN

Tanjung Emas - 

SMG

Tanjung Perak - 

SBY

Tanjung Priok - 

JKT
Average

Jan 2.1 1.2 3.0 3.1 2.5

Feb 4.5 2.2 4.1 3.4 3.5

Mar 2.2 2.0 1.8 2.9 2.5

Apr 2.6 1.8 3.6 2.8 2.7

May 2.1 1.5 2.5 2.5 2.2

Jun 2.5 1.4 2.2 2.7 2.3

Jul 1.8 0.9 1.7 1.9 1.7

Aug 1.8 1.1 1.6 2.1 1.8

Sep 3.2 1.3 2.1 2.4 2.1

Grand Total 2.5 1.5 2.5 2.6 2.4
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Table 2. Percentage (%) Direct delivery January – September 2024 

 
The data on Table 1, collected for a single case study began with data related to the specific storage 

costs and the data on Table-2, percentage of direct delivery from the port to consumers before digital 

application to monitor container arrivals at 4 (four) ports in Indonesia. The data was taken from the ERP 

system during the period January 2024 – September 2024.  

 

3.1.2. Qualitative Data Current Conditions 

Qualitative data was taken from interviews with 3 experts in the field. The COO as Operational Director, 

GM Sales is responsible for the direct delivery schedule with the customers, and Logistics Senior 

Manager is responsible for arranging incoming materials at each site in Indonesia. 

COO: reducing costs is urgently needed to increase profits and provide more competitive prices. 

Focus on reducing import costs using available systems, reducing port storage costs and logistics costs, 

and increasing the number of direct deliveries from the ports.  

GM Sales: the information on the arrival of goods is not accurate, causing sales not optimally to 

provide schedules to customers. With better accuracy, it is easy to provide a delivery schedule directly 

to consumers. There are more frequent updates and real-time visibility.  

Logistics Senior Manager: the process of updating the arrival schedule of goods is done manually 

and takes time, so updates can only be done 2 times a week There is a system that can help see real-time 

updates on the arrival of imported goods so that there is no manual update There is an application that 

can update the arrival schedule of imported goods automatically downloaded from the application. 

 

3.2.   Results of CIMO-Logic Application 

3.2.1. Context 

The observation and data collected from a single case study can be concluded in the context of the issue 

of the inability to monitor container arrivals in real-time, which can cause irregularities in the arrival of 

containers from any supplier from abroad to domestic ports. To solve the problem, the company must 

find a solution to monitor each container's arrival in real time. From the confirmed problems, the 

researcher then translates the problem with a repair plan that is a business need, as can be seen in Table 

3. This business need is obtained from the results of interviews and discussions with experts on a single 

case study. 

 

3.2.2.  Intervention 

The strategic action needed at this stage of intervention is more detailed, translating business needs into 

functional requirements for IoT and Blockchain applications. This functional requirement is very 

important in finding and selecting several applications that have been used so far by other parties. The 

functional requirements also include ensuring that this application can be used internally by the largest 

plastic resin distributor company in Indonesia. Functional requirements can be seen in Table 4.  

Tahun 2024
Belawan - 

MDN

Tanjung Emas - 

SMG

Tanjung Perak - 

SBY

Tanjung Priok - 

JKT
Average

Jan 13.7 14.5 10.8 12.1 12.8

Feb 14.0 7.5 7.9 13.0 10.6

Mar 14.0 6.4 2.1 15.0 9.4

Apr 10.4 10.4 15.7 13.9 12.6

Mei 4.3 14.5 25.9 20.6 16.3

Jun 13.8 27.9 29.9 24.2 23.9

Jul 21.9 31.0 26.7 21.3 25.2

Agt 12.8 31.0 24.0 20.8 22.2

Sept 22.0 25.7 21.2 21.7 22.6

Grand Total 14.1 18.8 18.2 18.1 17.3
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Obtained the functional requirements, it is translated back into a technological solution that becomes 

a solution to the functional requirements and business needs after this application is used. The 

technological solution can be seen in Table 5. 

 

3.2.3. Mechanism 

The first step in conducting a tender for the selection of a digital real-time container tracking system 

applicator is to determine the technical solution that has been determined. The second step to conduct a 

meeting with each vendor should be held to explain the technical solution, functional requirements, and 

business needs. Third, ask each applicator to show the application that the consumers of the vendors 

have used; fourth, ask each vendor to adjust the digital container tracking system application according 

to what is required. Researchers and the company's team finally tried to use the 3 digital container 

tracking system applications and saw the features in them. 

Table 6 compares the 3 applications. The names of the applicant and the application are not displayed 

because the Author has not obtained written permission to include them in this research report, but this 

does not reduce the similarity of the comparisons between applications. The tender team discussed and 

considered the suitability of the technology solution, considerable experience in the application of cargo 

and container tracking systems, and competitive prices against 3 vendors of digital container tracking 

applicators, one of the winners was Application number 2 because it meets all the criteria set. 

 

Table 3. Translation of problem areas into business needs 
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Table 4. Functional requirements  

 
 

Table 5. Technology Solutions  

 
 

 

 

 

 

 

Functional Requirements Connectivity
Real-time Data 

Collection

Data 

Management

Data 

Analytics

Dashboard 

Data

Historical 

Data

Provides real-time ETD & ETA 

data
X X X

Can see the number of 

containers per ETA date
X X X X X

Can choose the display of 

material names
X X X

Can choose the display of the 

name of the Overseas Entrant
X X X

Can provide ship schedule 

information 1-4 weeks ahead
X X X X

Can view the historical position 

of each PO's container
X X X X X X

Register the ship booking 

number/ Bill of Lading and 

Shipping Line

X X

Register the name of the 

Supplier
X X X

Email notifications if there is a 

change  in ETA
X X X

Data Management & Usage

 Solution Technology
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Table 6. Comparison of digital container tracking system applications 

 

Description Application 1 (G) Application 2 (C) Application 3 (B) 

Applicator An India-based 

company engaged in the 

development of 

specialized container 

tracking systems and 

applications. 

A major Dubai-based 

shipping company that 

leverages its network to 

create container tracking 

system application. 

The Singapore-based 

company is engaged in 

the development of 

systems. 

Technology 

Solutions 

All can be made on 

request  

Everything is already there 

according to the technical 

solution 

All that can be made on 

request. 

Functional 

Requirements 

There is no shipment 

schedule for each port 

of origin and destination 

in the next 1-4 weeks. 

There is already has feature 

of shipment schedule for 

each port of origin and 

destination in the next 1-4 

weeks. 

Unable to find a 

schedule that will run 

each port of origin and 

destination. 

Business 

Needs 

Fulfilled 

 

Fulfilled Fulfilled 

Experience Used Globally, 1st rank 

in container tracking 

system applications.  

Used Globally   Regional and local 

Indonesian consumers 

that have been handled. 

Competitive 

Pricing 

The price is quite high 

because it needs to 

develop a customized 

application. 

The price is competitive 

compared to other 

applications because it does 

not require more 

development and meets the 

criteria.  

The price is competitive 

but still more expensive 

than Application-2.  

3.2.3. Outcome 

The selection of the digital container tracking application on Application number 2 and the 

implementation was carried out in November, December 2024 and January 2025. The first result: the 

features of the digital container tracking application  in accordance with the technical solutions and 

functional requirements and business needs, some of the features can be seen in Figure 4 by displaying 

the calendar menu can be seen  real-time Estimated Time Departure (ETD) and Estimated Time Arrivals 

ETA that the import team can prepare and/or follow up on import documents sent from suppliers that 

the discharge process at the port can be anticipated and inform the forwarder to remove the container 

faster from the port to avoid accumulation at the port, the number of containers per date in real-time, 

both departures and arrivals, that the warehouse team can prepare the storage area and the team involved 

in the unloading of containers, thereby reducing the risk of storage at the port or at the containers depo, 

Sales can select the materials they want to see, so that the sales team can schedule direct deliveries from 

the port to the consumer and the sales team of each branch can choose the arrival ports. 

In Figure 5, there is also a menu feature of ship departure schedules for the next 1-4 weeks on the 

"Vessel Schedule" menu. The purpose of this menu is to propose the departure and arrival of ships to 

the overseas supplier according to the date required by the plastic resin distributor. 
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Figure 3. Features in the menu ”Calender” 

Source: flow.cargoes.com (by DP World) 

 

 
 

Figure 4. Menu Feature “Vessel Schedule” 

Source: flow.cargoes.com (by DP World) 

 

The second result: Data of decreasing in port storage costs at the beginning of implementing 

digital container tracking, as seen in Table 6 in November 2024 until January 2025, it had an average 

value of port storage cost $1.8/Ton, compared to the data in Table 1, with an average of $2.4/Ton.  
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Table 7. Table of port storage costs ($/Ton) after implementing digital applications 

 
 

Statistical calculation with a t-test to prove whether there is a change from implementing digital 

applications. The results of the t-test are as in Table 7. The t-test uses a sample with two unique variations 

because the existing data differs in number. The test reflects data for 2024 before and after the use of 

the digital container tracking system application. 

The results of the t-test, the interpretation: statistical tests showed that the t-value of 2.15 exceeded 

the critical value (about 2.06 at df = 25) and the p-value of 0.0415 was smaller than the α (0.05). This 

indicates that there is a significant difference in stacking costs before and after the implementation of 

digital applications. Because the p-value < 0.05, we can state that the use of digital applications 

statistically has the impact of significantly lowering stacking costs. Percentage Decrease: Based on 

average data, the cost of stacking decreased from about $2.29 to $1.81 per ton, which is a decrease of 

about: 2,292.29−1.81×100%≈21%. Practical significance: This 21% reduction in costs shows a 

considerable effect. 

The percentage of direct delivery from the port to consumers differs from the average of 17.3% in 

Table 2. After using container tracking system data on the percentage of direct delivery for November 

2024 - January 2025, the average value was 22.0% in Table 8. 

 

Table 8. T-test results on port storage costs ($/Ton = $1:IDR. 15,500) 

Hypothesis 

H0: There is a significant difference in the average decrease in stacking costs 

H1: There is no significant difference in the average decrease in stacking costs 

 

 
 

 

 

 

Bulan
Belawan-

MDN

Tanjung Emas - 

SMG

Tanjung Perak - 

SBY

Tanjung Priok - 

JKT
Average

Nov-24 1.6 1.2 1.5 2.1 1.8

Dec-24 2.1 1.1 1.8 2.1 1.8

Jan-25 3.3 1.2 1.4 2.3 1.8

Grand Total 2.3 1.1 1.6 2.2 1.8

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2

Mean 2.294444444 1.809419039

Variance 0.664539683 0.389921686

Observations 36 12

Hypothesized Mean Difference 0

df 25

t Stat 2.148720829

P(T<=t) one-tail 0.020766418

t Critical one-tail 1.708140761

P(T<=t) two-tail 0.041532836

t Critical two-tail 2.059538553
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Table 9. Table of percentage of direct delivery (%) after implementing digital applications 

 

 
 

Table 10. T-test results of percentage (%) of direct delivery 

Hypothesis 

H0 = There is a significant increase in the percentage of direct shipments 

H1 = There is no significant increase in the percentage of direct shipments 

 
 

Since the p-value of 0.26 is greater than α = 0.05, we cannot reject the null hypothesis. Thus, there is no 

statistical evidence to show a significant increase in the percentage of shipments directly from ports to 

consumers after the implementation of digital applications. However, from the observation of the 

average data: The percentage of direct shipments increased from about 17.3% to 22.0%, which is about 

27% increase. 17,322.0−17.3×100% ≈ 27%. Impact: Although not statistically significant, this 

positive trend indicates an improvement in the efficiency of direct delivery that needs to be further 

monitored with more data or a longer observation period. 

3.3.   Impact on Operational Sustainability 

The reduction in container port storage costs and the increase in direct deliveries achieved through 

digital container tracking directly support sustainability principles by reducing waste, minimizing 

unnecessary handling, and improving resource efficiency. These outcomes align, according to [17], with 

the triple bottom-line framework of sustainability, where economic gains are coupled with 

environmental and social benefits.. 

From an environmental perspective, reducing storage times and increasing direct delivery decrease 

idle times and associated carbon emissions, which directly affect air quality and public health [18] from 

redundant transportation and handling operations. Economically, lower costs enhance competitiveness, 

while social aspects improve through better supply chain transparency and stakeholder collaboration. 

 

 

 

Month
Belawan-

MDN

Tanjung Emas - 

SMG

Tanjung Perak - 

SBY

Tanjung Priok - 

JKT
Average

Nov-24 15.4 59.1 15.9 17.8 27.1

Dec-24 14.1 29.1 20.2 18.1 20.4

Jan-25 10.3 30.6 18.9 14.2 18.5

Grand Total 13.3 39.6 18.3 16.7 22.0
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3.4.   Digital Infrastructure as a Catalyst for Sustainable Supply Chains 

The deployment of IoT and blockchain-enabled real-time tracking represents a mature digital 

infrastructure framework that enhances connectivity, data integration, and trust among supply chain 

partners; the infrastructure provides the technical foundation for supply chain visibility and resilience, 

enabling rapid response to disruptions and proactive risk management, which are crucial for sustainable 

operations [19]. 

Empirically, the tracking container system created a mechanism for continuous monitoring and data 

sharing, which not only eliminates information asymmetries but also builds a digital ecosystem fostering 

transparency and strategic decision-making by users, which is consistent with frameworks like the 

Digital Supply Chain Infrastructure Model, which emphasizes the role of integrated digital technologies 

in achieving agility and sustainability.  

 
3.5.   Discussion 
3.5.1.   Translating Requirements into Digital Applications 

In the Supply Chain, quite a few digital application technologies can increase visibility in real-time and 

predictive capabilities [20], making them useful for every stakeholder in the company. This research 

regarding digital monitoring container arrivals demonstrates this. 

The many existing applications are tailored to the basic business needs and financial readiness 

analyzed by the author. They must be useful for the plastic resin distributor company where the research 

was conducted. From business needs that will be translated into specific digital technology, this research 

must be carried out so that business targets and user targets can achieve results from the application of 

digital technology. To obtain this digital technology, research must collaborate with platform providers 

IoT and blockchain [21]; [22].  

Platform digital applications for monitoring and controlling container arrivals in real-time has 

become a trend to be used by cargo shipping ship owners to detect the position of their ships and cargo 

to ensure the vessel is positioned according to plan and also to provide up-to-date information regarding 

delivery times from the port of origin and arrival at the port of destination to its customers. The Advanced 

Container Tracking System (ACTS) is proposed as an innovative solution to meet these needs. The 

technology offers real-time monitoring and automated notifications to strengthen container security and 

improve logistics efficiency [23] 

This research, carried out by researchers at one of Indonesia's largest plastic resin distributor 

companies, has chosen a digital application container tracking system with platform experience that 

other exporter and importer companies have used. It's just that this application has limitations when the 

shipping company has not collaborated with the parent company of this application, so the digital 

application cannot detect it. To be connected and monitored, you must first register with the 

development team to be added to the application. 

This application will be updated if you enter the booking number, bill of lading number, container 

number, or name of the ship carrying it, along with other detailed information. The connection of these 

numbers also depends on the application platform provided on the website of each shipping container. 

A clear division of tasks in implementing this application is fundamental, especially import team 

personnel who receive each delivery schedule for plastic resin materials must immediately inform the 

department that inputs and updates the booking no. or B/L no. and information on the product name and 

estimated departure from the port of delivery and estimated arrival at the port of destination as soon as 

the data is inputted and uploaded into the application. 

 
3.5.2.   Linking Findings to Sustainability Theory 

The empirical findings illustrate how digitalization drives sustainable supply chain practices by 

embedding principles of lean operations and circular economic thinking. For instance, reducing port 

storage times reduces material holding and potential wastage, which is an application of lean inventory 

management [6] contributes to sustainability. 
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These results support the view from supply chain sustainability frameworks that highlight visibility 

as a critical enabler of environmental and social responsibility alongside economic performance. Real-

time data empowers companies to make more informed decisions, reduce overstocking, prevent delays, 

and minimize environmental footprints. 

 
3.5.3.   Digital Infrastructure Frameworks Guiding Implementation 

The case study substantiates theoretical models that regard IoT, blockchain, and cloud-based platforms 

as key enablers of a digital supply chain infrastructure capable of supporting sustainability goals. The 

digitized container tracking system acts as a structural mechanism fostering transparency, trust, and 

coordination among fragmented supply chain actors, which, in turn, drives operational efficiency and 

sustainability [24]. 

Moreover, these technologies fit well within the Design Science Research paradigm applied in supply 

chain studies, validating the use of digital innovation to address complex supply chain challenges, 

including inefficiencies and opacity in import operations. 

 
3.5.4.   Limitations and Future Directions 

While digitalization improved internal supply chain processes and sustainability outcomes, external 

disruptions such as customs system failures persist as barriers. Future research is recommended to 

incorporate multi-stakeholder collaboration frameworks and advanced AI-driven [25] infrastructure 

further to enhance the adaptive capacity and sustainability of supply chains. 

4.   Conclusion 

Applying digital technology such as the Internet of Things (IoT), Blockchain, and cloud-based 

management systems with support for real-time container tracking applications can significantly 

optimize supply chain processes [23]. This study notes a decrease in the average storage cost of 

containers nationally from $2.4/Ton to $1.8/Ton and an increase in direct deliveries from ports to 

consumers from 17.3% to 22.0% before and after implementing this technology. These findings indicate 

that digitalization in plastic resin distribution companies improves operational efficiency and provides 

significant competitive advantages in the market and made the business sustain. From an environmental 

perspective, reducing storage times and increasing direct delivery decrease idle times and associated 

carbon emissions, which directly affect air quality and public health [18] from redundant transportation 

and handling operations.   

Therefore, companies should increase employee training regarding new technology [26] and adopt a 

more integrated system in the supply chain process. Apart from that, continuous innovation through the 

use of advanced technology, such as artificial intelligence [25] as noted from [27] predictive analytics 

can also enhance capacity planning to have efficiency, must continue to be developed to strengthen 

competitiveness and maintain industrial sustainability in the future by addressing risk factors in supply 

chain area. According to [19], by addressing risk factors, the resilience of the entire supply chain can be 

enhanced, leading to greater stability and sustainability. 
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