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Abstract: Waste bank Resik Becik (BSRB) is one of the containers that help with waste management
in the city of Semarang. Plastic waste that enters BSRB is collected, selected, and transformed into
processed products with a sale value. Plastic waste that enters BSRB undergoes collection, selection,
and transformation into processed products with saleable value. So, the flow of the supply chain
process is one of the important elements of running the BSRB. Performance appraisal is the first step
to improving the BSRB supply chain. The SCOR 11.0 (Supply Chain Operations Reference) method is
a method of utilized for assessing supply chain performance. Various matrices are employed and
customized to suit the company's specific conditions, enabling this method to represent the state of
the company. The addition of this method is the AHP (Analytical Hierarchy Process) method as a
determinant of the performance matrix weight and the normalization process. This allows the final
value to be accurately determined. In this study, it was found that the supply chain conditions at
BSRB were in good condition, with a value of 71.3438. The study of SCOR combined with dynamic
systems can identify the five dimensions and interaction variables associated with the causal loop
design model. SCOR models and dynamic systems provide more effective and efficient value by
creating alternative scenarios. The first scenario is cutting indirect labour costs by $58,83. By adopting
this alternative, BSRB reduces expenses from $580,25 to $639,07. Meanwhile, the second scenario
involves scheduling waste collection from customers, which increases BSRB's expenditure to $681,35.
The best scenario falls to the first scenario. The final result of this research is a simulation model in
Powersim, or what is called a flow chart, that can show the entire supply chain system and its relevant
systems.
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1. Introduction
1.1.  Background
Until 2019, there were 220 Waste banks spread across Semarang City. One of them is Waste
Bank Resik Becik (BSRB) which is located at Cokrokembang St. 11 Krobokan, West Semarang
Subdistrict, Semarang, Central Java. BSRB is a consistent Waste bank from 2012 to 2021 in terms of
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waste management, especially plastic waste. BSRB is managed by Ika Yudha Kurniasari, who is
assisted by three employees to make records to the archive book. BSRB also has several partners
who help in the production process of plastic waste creations. The creations of plastic waste
produced by BSRB are very diverse, such as key chains, tissue holders, laptop bags, school bags,
drinking holders, wallets, woven prayer mats, mats, etc. The selling price range starts from $0,30 to
$45,95.

Since its establishment, BSRB has continued to develop and improve, which is indicated by the
increasing number of customers. One of the attractions of BSRB in increasing the number of
customers is the exchange program waste turns into money or nine kinds of basic needs. This
program is expected to be a solution for waste management in Semarang by increasing public
awareness of the importance of saving the environment.

As of January 2021, there are 610 customers on BSRB, but only about 10% of its total customers
are actively depositing waste. Currently, the customers of BSRB are not only from around Krobokan
but also from the other villages, who deposit their waste to BSRB. On the other side, not only
customers, an important element that forms the basis for the operation of waste banks is the supply
chain process flow. The flow of material, information, and financial flows in the supply chain flow
will be developed in this research.

BSRB doesn’t have a supply chain management mapping model that regulates waste
management from upstream to downstream or from customers until processed products are sold
yet. BSRB needs to have a supply chain mapping to identify areas that can be improved to achieve
an expected system. Supply chain management has an output in the form of predictions from the
condition of the system that can be used as a reference in determining the optimal cost-saving
measures for BSRB. According to the trend, there is a tendency for the demand for waste collection
from BSRB customers continue to increase. This raises the question of whether the shuttle system
provided by the BSRB to encourage public enthusiasm will remain relevant to be implemented.
Moreover, for waste transportation, BSRB disbursed funds of $2,45 for fuel costs and driver fees.
Seeing this condition, mapping efforts using a simulation system are needed to provide a new
perspective on supply chain management that requires a comprehensive solution because this issue
is influenced by several factors. In addition, system simulation provides a real picture of the model
built and is a substitute for the trial and error method as a decision-making policy. Based on those
aforementioned backgrounds, it is found that there is urgency in the preparation of the BSRB supply
chain management mapping model. Through this paper entitled "Dynamic System Simulation to
Improve Effectiveness and Efficiency of Supply Chain Performance and Behaviour on Waste Bank
Resik Becik", the researchers conducted a BSRB supply chain flow modeling which is expected to
be more effective and efficient using a dynamic methodology system that utilizes Powersim
Software.

1.2. Research Originality

In the previous research conducted by Estiningtyas et al. (2019), the topic focused on designing
information system systems at Waste Bank Resik Becik. The current study builds upon and
develops that research further. The dynamic system has been used for various supply chain
problems (Nurhasanah and Utama, 2014; McGarvey and Hannon, 2004). Additionally, Budiawan
and Syahrial (2018) conducted a study on supply chain management using SCOR methods.

The previous research related to supply chain management (SCM), such as, a study focused on
SCM for the potato agroindustry (Irawati et al.,, 2022), volume of plastic waste optimization
(Setyaningrum et al., 2022a), intelligence spatial for the potato agroindustry (Yusianto,
2019;2020a;2020b), SCM for catfish feed (Setyaningrum, 2020a), the design of supply chain for
catfish feed (Budisetio et al., 2021), supply chain competitiveness (Arsiwi and Adi, 2020), the
implementation information system for the waste bank (Rachmadanti et al., 2021), SCM for the oil
palm agroindustry (Heryani et al,, 2022), and the Analytic Hierarchy Process (AHP) used to
evaluated Supplier (Hazza et al.,, 2022). Further, to produce effective supply chain management
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(Setyaningrum, 2024; 2023a), it is necessary to consider the success factor (Setyaningrum, 2020b;
Panne et al., 2003) and Indonesian culture (Setyaningrum, 2016; Setyaningrum, 2022a; Hofstede,
2012). General supply chain effect on waste management (IHazza, 2022; Heryani, 2022; Xu, 2023).

Previous research related to waste management and supply chain management has been carried
out by previous researchers. General concept waste management (Ganguly, 2024; Ordonkor, 2021;
Amicarelli, 2021, Woon, 2021), assessment waste management (Wang, 2023; Kala, 2022),
optimization waste management (Abdallah, 2019 Wilson, 2015). Waste management based on
material waste (Susanto, 2024) and innovative ecosystem (Khoirunisa, 2023). Previous research
related to implementation in small and medium industries to improve productivity (Setyaningrum,
2023b; Kusumo, 2021).

2. Methodology

This study was conducted to improve the effectiveness and efficiency of the BSRB supply chain
performance. The following research stages were carried out with several methods are as follows:

2.1. Data Collecting
21.1 The data collection

In this study consists of the observation of the production process and purposive interviews
related to the BSRB supply chain management system, company documentation, files, archives, or
company records, as well as a questionnaire for validation and weighting of KPIs (Key Performance
Index) for the SCOR method. Firstly, the KPI questionnaire obtained that there were 40 KPIs, later,
it was given to the BSRB (who felt they knew well the problems and conditions of the company) for
any validation. By this, there were 23 valid KPIs validated. It was carried out to ensure whether the
KPIs that have been identified were appropriate and feasible.

2.2.  Data Processing

The stages of data processing are as follows:

1. Supply Chain Performance Measurement using the SCOR 11.0 (Supply Chain Operation
Reference)

Hugos (2024) stated that the SCOR model was designed as a tool to describe, measure, and
evaluate any supply chain configuration. Thus, companies must implement specific supply chain
management practices based on their unique set of competitive priorities and business conditions
to achieve the desired level of performance. After measuring supply chain mapping and data
collection, supply chain performance is then measured as the required data to generate calculations
for SCOR performance which will then be simulated through dynamic system simulation.

2. Dynamic System Simulation using Powersim Software

The simulation is based on the results of performance measurement using Powersim Software
to provide a new perspective on supply chain management that requires a comprehensive solution.
These changes are shown through simulation or real-time and constant calculation of components
with alternative future actions (McGarvey and Hannon, 2004). In addition, system simulation can
be a substitute for the trial and error method as a decision-making policy.

3. Results and Discussion

3.1. Research Sites

This research was carried out at BSRB. BSRB was engaged in the inorganic waste processing,
especially plastic packaging for domestic waste. BSRB is located at Cokrokembang St. 11 Krobokan,
West Semarang Subdistrict, Semarang, Central Java. There are four main data used in the study as
follows:

1. Main Raw Material Supplier Data

It is the kind of data that the main raw material supplier. It consists of customer name, size of
customer, region, supplier capacity, and duration time.

2. Supplier of Supporting Raw Material Data
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This data focuses on supporting raw material, which consists of the kind of product, volume
product, defect size, and cycle time of supporting raw material.

3. Manufacturer Data

This data relates to the producer’s data which consists of the kind of product success, production
size, defective product, cycle time, direct cost, indirect cost, and total manpower.

4. Consumer Data

This data type is important to see consumer patterns etc. This study collects this data, which
consists of demand, product price, delivery size, and cycle time.

3.2. SCOR 11.0

a. Identifying BSRB Supply Chain Scheme

Based on the supply chain concept, there are three streams to be a concern, such as the flow of
materials, information, and finances occurring at Waste Bank Resik Becik. The flow of material
flows in only one direction, from upstream to downstream. The process starts with the raw
materials used, into finished products, until the processed products are sent to consumers. The flow
of information and finance has a two-way flow, both from upstream to downstream and
downstream to upstream.

Information flow in supply chain management is needed in industrial activities so that there is
no misunderstanding between sides and integration between one side with another becomes more
efficient. The financial flow includes the costs incurred, starting from the purchase of raw materials
to suppliers, production costs, and shipping costs.

For the outflows that lead to collectors, they are supporting sides in the BSRB supply chain who
are tasked with picking up waste that is not needed by the BSRB to produce creative processed
products, for example, glass bottle waste, useless books, useless newspapers, useless cooking oil,
electronic waste, etc.

b. SCOR Process Decomposition

SCOR includes three levels of processes, where the three levels indicate that SCOR performs
process decomposition from the general to the detailed to obtain company KPIs whose performance
will be measured. KPIs designed with the SCOR approach are based on the main supply chain
perspective, such as plan, source, make, delivery, return, and enable. This KPI will be an indicator
of the success of the company's supply chain performance. The following is a decomposition of the
SCOR process from the business processes running in BSRB, as shown in Table 1.

Table 1 BSRB Business Process.

No. Business Process SCOR Level 1 SCOR Level 2 Executor
1 Planning Plan Plan Source Planning Dev.
2 Procurement Source Source Stocked Product Procurement Dev.
3 Production Make Make to Order Production Dev.
4 Delivery Deliver Deliver Make to Order Delivery Dev.

Products
5 Return Return Deliver Return Product Quality Check
Dev.

6 Management Enable Manage Supply Owner

Chain Human Source

After identifying the business process, the next step is to identify KPI (Key Performance
Indicator), which is verified by having a questionnaire to 1 respondent at BSRB. From each
perspective obtained above, there are six dimensions, such as reliability, responsiveness, agility,
cost, and asset management. From the five dimensions that are adjusted to the conditions and
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objectives of the company, it is obtained that KPIs are included in six perspectives, and in five
dimensions, 23 valid KPIs are obtained.

c. Weighting and Normalization Calculation

After getting 23 KPIs, the next step is to weigh and normalize the Snorm de Boer Below is the
weighting using the AHP (Analytical Hierarchy Process) method in the form of a questionnaire and
brainstorming with the BSRB. The weighting is done from level 1 to level 3:

1. Level 1 is the weighting for each perspective, that is, between the perspectives of plan, source,
make, deliver, return, and enable.

2. Level 2 is the weighting for each dimension from each supply chain perspective.

3. Level 3 is the weighting for each KPI from each dimension in each perspective.

After getting the local weight, the next step is to calculate the global weight. Global weight is the
weight of a criterion against the goal of the hierarchy. The weighting calculation with AHP methods
as shown in Table 2 (Data processing, 2024).

Based on the results of calculations for performance measurement using SCOR on all level 1
work indicators, the supply chain performance value of the Waste Bank Resik Becik in January 2020
was 71,43%, 70,38% in February 2020, and 72,21% in March 2020. So, the average is 71,34%. The
calculation is obtained from the sum of the performance values on the Reliability, Responsiveness,
Agility, Cost, and Asset Management matrix in each perspective. The supply chain performance is
included in the Good category according to the performance indicator monitoring system, as shown
in Table 3 (Waters, 2013).

Table 1 Weighting Calculation with AHP Method

No  Perspective = Weight Dimension Weight KPI Weight

Local Global Local  Global

1 Plan 0.157 Responsiveness 1 0.157 P21 1 0.157
S11 0528  0.054

3 Reliability 0.249 010284 S12 014  0.014
4 S13 0333  0.034
5 Source 0.413 S21 025  0.016
6 Responsiveness 0.157 0.06484 S22 075  0.049
7 Cost 0549 022674 S4.1 1 0.227

8 Make 0.178 Responsiveness 0.167 0.02973 M.2.1 1 0.03
9 M4l 075  0.111
10 Cost 0.813 0.14827 M.42 025  0.037
11 D.1.1 0383  0.026
12 D.12 007  0.005
13 D.1.3 0237  0.016
14 Reliability 0528 0.06758 D14 0.127 0.009
15 D.15 0077  0.005
16 Deliver 0.128 D.1.6 0105  0.007
17 D21 0528  0.009
18 Responsiveness 0.14 001792 D22 014  0.003
19 D23 0333  0.006
20 Agility 0.333  0.04262 D.3.1 1 0.043
21 Return 0.053 Responsiveness 075 0.03975 Rz21 1 0.040
22 Agility 025 0.01325 R3.1 1 0.013
23 Enable 0.07 Asset Management 1 0.07 E.5.1 1 0.070
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Table 3 Performance Indicator Monitoring System.

Monitoring System (%) Performance Indicator
<40 Poor
40-50 Marginal
50-70 Average
70-90 Good
>90 Excellent

3.3. Dynamic System Simulation

a. Before starting the dynamic system simulation, a Causal Loop Diagram (CLD) was designed
to illustrate the cause-effect relationship of each entity that affects it.

b. Next, make a flow diagram as the main concept by using a mathematical formulation.
Flowcharts are made with Powersim Software.

c. Model Simulation

By using Powersim, the simulation model that has been made is run to find out the results.

d. Validity Test

The process of model validity involves by checking whether the created model accurately
represents the real conditions or not. While, data validation is conducted by calibrating the initial
simulation results with the historical data owned.

Average comparison: E = %

Description:

S = Average Value of the Simulation Result

A = Average Value of the Data

The model is considered valid if E < 5%

Table 4 System Validity Test.

Perspective Variable Result Status
Reliability Delivery 0% Valid
Reject 0% Valid

Suitable Product 0% Valid

Responsiveness Total cycle time 0.000195% Valid
Agility Increase% 0% Valid

Cost Reception 0% Valid
Expenditure 0% Valid

Asset Management Cash-to-cash cycle time 0% Valid

e. Alternative Scenario 1 as shown in Figure 1

Based on Figure 1, it shows that it cut indirect labor costs by $58,82 reducing it from $639,07 to
$580,25. The decrease in expenditure came from two sources: $36,74 from indirect labor costs related
to driver expenses and an additional $22,06 from driver gasoline costs. Cutting costs indirectly
results in the elimination of the waste collection system from customers by three-wheeled
motorbikes. By this, customers are required to come directly to the Waste Bank Resik Becik to
deposit. The waste bank won’t be short of waste raw materials because the number of customers is
increasing every year. Until 2021, the number of customers has reached 610 people. Alternative
Scenario 2 is shown in Figure 2.
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Figure 2 Alternative Scenario 2

From Figure 2, it can be seen that the scheduling of garbage collection two times a month using
an L300 vehicle causes an increase in expenditure of $42,30 from the initial model. By using the L300
BSRB, the vehicle rental fee is $73,53, transportation costs are $18,38 and indirect labor fees are $9,19.
While the initial model only incurs labor costs of $36,74 and transportation costs of three-wheeled

motorcycles of $22,05. The comparison between the Initial Model and the Scenarios can be seen on
Table 5.
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Table 5 Comparison Between the Initial Model and the Scenarios.

Initial Scenario 1 Scenario 2
Total Expenditure $639,07 $580,25 $681,35
% Comparison 9.2% 6.6%

It can be seen from Scenario 1 that the total expenditure of BSRB has decreased, while Scenario
2 showed the opposite result. From these comparisons, it can be concluded that Scenario 1 is the
best scenario for this study.

4. Conclusions

The basic system of the plastic waste supply chain at Waste Bank Resik Becik consists of three
main entities and one supporting entity. The main entities are suppliers, BSRB, and consumers,
while the supporting entity are collectors. There are three flows, that are material, information, and
finance flow. Meanwhile, the results of supply chain performance measurement using the Supply
Chain Operation Reference (SCOR) method show that the process at Waste Bank Resik Becik
consists of 6 perspectives, including Plan, Source, Make, Deliver, Return, and Enable, with 23 KPIs.
The supply chain value in January is 71.44%, February is 70.38%, and March is 72.21%. It can be
concluded that the average of the measurement results is in the good category, with a value of
71.34%.

The best scenario in the BSRB supply chain model is scenario 1, i.e., cutting indirect labor costs,
that is, the costs incurred for three-wheeled motorbike drivers for three months amounting to
$36,76. The cost-cutting affects the transportation costs used by the driver, which is $22,06 in 3
months. So, by cutting indirect labor costs, Waste Bank Resik Becik saves expenses of $5,88 or 9.2%
in 3 months. Meanwhile, for scenario 2, the BSRB spent $681,35, or an increase of 6.6% from the
current model. So scenario 1 is chosen as the best scenario.

Despite all the results, this study has limitations in supply chain performance and behaviour at
Semarang and thus needs a further advanced study in the future.
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