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INTRODUCTION

ABSTRACT

Purpose: This study explores the effectiveness of the Computerized
Relationship Layout Planning (CORELAP) method in optimizing the layout
of plastic waste processing production facilities at PT KIMA.

Subjects and Methods: A quasi-experimental design was employed,
involving a pre-test and post-test assessment of key performance metrics
such as material transfer distances, production time, efficiency, and
equipment downtime.

Results: The results demonstrated significant improvements in
operational efficiency for the experimental group using CORELAP, with
material transfer distances reduced by 31.75%, production time decreased
by 30%, and equipment downtime lowered by 13.8%. In comparison, the
control group, which followed traditional layout practices, showed minimal
improvements. These findings highlight the potential of the CORELAP
method to enhance workflow efficiency, reduce operational costs, and
improve overall productivity in industrial settings.

Conclusions: The study underscores the importance of modern layout
optimization techniques in achieving both immediate and long-term
operational gains, especially in resource-intensive industries such as waste
management and recycling.

The redesign of production facility layouts is essential in optimizing both operational efficiency
and sustainability, especially within industries that handle complex, resource-intensive processes
such as waste management and recycling (Setyadi et al., 2025; Psarommatis et al., 2025). In these
settings, where production flows often involve multiple stages and the handling of large quantities
of material, the layout of a facility directly influences the overall performance of the operations.
PT KIMA, a company involved in processing plastic waste, faces significant challenges due to an
inefficient layout design. This flawed design results in increased distances for material handling
and disorganized production flows, which in turn waste time, energy, and resources. Specifically,
the need to backtrack materials between departments increases operational inefficiencies,
causing delays and raising costs.

To address these issues, many industries have turned to advanced layout optimization
techniques, such as the Computerized Relationship Layout Planning (CORELAP) method. This
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approach uses computational models to create optimized layouts by considering factors such as
the frequency of material handling, inter-departmental relationships, and available space.
CORELAP's primary strength lies in its ability to minimize the total distance traveled by materials
between departments, thus improving production flow, reducing the need for excessive handling,
and increasing the overall space efficiency of the facility. Studies have shown that adopting this
method leads to a significant reduction in material transfer distances, ultimately resulting in more
streamlined processes, reduced operational costs, and enhanced productivity

Moreover, the benefits of implementing CORELAP extend beyond merely improving layout
efficiency (Siswoyo et al., 2023). By reorganizing workstations and departments, the facility
becomes more adaptable to fluctuating production demands, while also enhancing the capacity
to process waste more effectively. This approach contributes to sustainability by reducing energy
consumption and minimizing material wastage. As industries continue to prioritize
sustainability, the CORELAP method represents a critical tool in aligning waste management
operations with broader environmental goals (Kulkarni, 2024). Thus, the application of
CORELAP to PT KIMA production facility has the potential not only to resolve existing layout
inefficiencies but also to foster long-term improvements in both operational and environmental
performance.

The CORELAP method is a computational technique used to optimize the layout of industrial
facilities by minimizing the distance between departments or workstations (Udoye et al., 2024).
In the case of PT KIMA, this approach seeks to reorganize the production layout, taking into
account the natural flow of materials and the necessity to reduce unnecessary movement between
workstations. By using CORELAP, the company can ensure that its resources are utilized
efficiently and that its production processes are streamlined (Alzoubi et al.,, 2024). A key
advantage of this method is its ability to produce a layout that is both space-efficient and
conducive to smooth workflow, which is critical in a facility handling waste plastic, where
contamination risks and operational bottlenecks need to be minimized.

The benefits of redesigning the layout using CORELAP are significant. Research has shown that
a well-planned layout can reduce operational time by eliminating unnecessary movements, thus
improving the overall efficiency of production (Vallander & Lindblom, 2014; Mohammadi, 2025).
In the case of PT KIMA, the proposed redesign using CORELAP resulted in a reduction in the
total distance traveled between workstations from 39.25 meters in the existing layout to 26.75
meters. This decrease not only shortens the time spent on material transfers but also reduces
energy consumption and wear-and-tear on equipment

Moreover, the CORELAP method helps address specific issues in waste processing plants, where
production processes are often complex and involve multiple stages (Ince & Tasdemir, 2024). The
CORELAP tool can generate optimized layouts based on data inputs such as the frequency of
interaction between departments and the space available. For PT KIMA, this tailored solution
resulted in a more effective arrangement of production areas, which aligns with the natural flow
of operations. This process not only benefits the production line but also supports the company’s
sustainability goals by enhancing the overall efficiency of waste processing (Marchi & Zanoni,
2017).

Recent studies also support the importance of effective facility layout in industries focused on
waste management. For instance, Shukla et al. (2024) emphasize that optimizing layouts in
recycling plants can significantly enhance throughput and reduce operational costs, especially in
settings dealing with heterogeneous and bulky materials like plastic waste. Similarly, Borchardt
et al. (2023) highlight that layout redesigns in recycling facilities lead to increased processing
rates and more sustainable practices by reducing energy and material waste. Such findings
further reinforce the importance of applying systematic methods like CORELAP in achieving
these operational improvements.

The transition to a more efficient layout is not just a matter of improving logistical operations; it
also impacts the company's bottom line. By reducing the travel distances between departments,
PT KIMA can expect to see significant cost savings in terms of both labor and fuel. Additionally,
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the improved layout allows for better space utilization, which can accommodate future growth
without requiring substantial investment in new facilities or infrastructure.

METHODOLOGY
Research Design

This study employed a quasi-experimental pre-test/post-test design to examine the impact of the
Computerized Relationship Layout Planning (CORELAP) method on the layout of plastic waste
processing production facilities at PT KIMA. The study aimed to assess the effectiveness of this
method in improving the efficiency of material handling and optimizing the flow of production
by comparing the current facility layout with a redesigned one. The pre-test/post-test design
allowed for the evaluation of any improvements in layout efficiency before and after the
intervention. This design is particularly useful for identifying the specific impact of CORELAP on
the overall layout of the facility by measuring key performance indicators such as material
transfer distances, production flow efficiency, and workspace utilization. The research design
included both a control group and an experimental group. The control group continued with the
existing facility layout, while the experimental group implemented the redesigned layout using
CORELAP, thus providing a clear comparison of the two conditions.

Participants

The participants in this study were the operational team and managers at PT KIMA, consisting of
60 employees who were directly involved in the daily operations and layout decisions of the
facility. These participants were selected based on their familiarity with the current layout and
their ability to provide input regarding workflow and production efficiency. The employees were
divided into two groups: the experimental group (30 participants) and the control group (30
participants). Group assignment was done based on existing work teams to minimize disruption
to daily operations. The participants were all experienced in the plastic waste processing industry,
with knowledge of the various stages involved in the production process. Their expertise was
crucial for assessing the practical impact of the new layout on operational performance.

Instruments

To measure the effectiveness of the CORELAP method on production efficiency, several
instruments were employed, including a combination of spatial analysis tools and performance
evaluation rubrics. Marmo et al. (2019) said that, the main instruments included facility floor
plan diagrams, material flow diagrams, and performance metrics. The floor plan diagrams were
used to assess the existing and redesigned layouts, focusing on the distance between workstations,
the placement of equipment, and the overall flow of materials through the facility. Material flow
diagrams were created to visualize the movement of raw materials, finished products, and waste
throughout the facility. These diagrams were crucial for analyzing the impact of the new layout
on material handling efficiency. Additionally, performance metrics such as time taken for
material transfers, equipment downtime, and overall productivity were recorded. These metrics
were used to evaluate the operational improvements resulting from the layout redesign.

Process of Layout Redesign

The experimental group underwent a 12-week intervention based on the CORELAP method. The
first phase of the intervention involved collecting baseline data on the existing layout, which
included mapping out the current material flow and measuring key performance indicators such
as distance traveled, time spent on material transfers, and workflow efficiency. The CORELAP
method was then applied to redesign the layout by focusing on minimizing the distance between
departments and optimizing the use of available space. This phase also involved collecting data
on the interactions between different workstations and identifying areas of inefficiency or
bottlenecks in the production process.

The second phase of the intervention focused on implementing the redesigned layout in the
facility. This included rearranging workstations, repositioning equipment, and making
adjustments to the flow of materials to ensure a more streamlined and efficient process.
Throughout the implementation phase, the experimental group received feedback and support
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from layout experts to ensure the redesigned layout was effectively applied. The control group
continued to operate under the existing layout during the entire period of the intervention.

Data Collection Procedure

Data collection took place over the course of 12 weeks, with multiple data points collected from
both the experimental and control groups. Baseline data were collected during the first week by
mapping the current layout and measuring material flow. The CORELAP intervention was
implemented during weeks 2 through 9, with adjustments made based on feedback and
observations. At the end of the 12-week period, post-intervention data were collected, including
measurements of material transfer distances, production flow times, and overall operational
efficiency in the experimental group. The control group data were collected in parallel to allow for
a direct comparison.

Data Analysis

Data analysis involved both qualitative and quantitative methods. To assess the impact of the
layout redesign, the pre-test and post-test data for the experimental group were analyzed using
paired-samples t-tests to determine if there were significant improvements in operational
performance, such as reduced material transfer distances and increased production efficiency.
The control group’s data were also analyzed using independent-samples t-tests to compare their
performance with that of the experimental group. Additionally, a multivariate analysis of variance
(MANOVA) was conducted to examine the interaction between different layout components (e.g.,
workspace optimization, material flow) and their effects on overall productivity. This analysis
helped to identify the specific areas where the CORELAP method had the most significant impact
on production efficiency and layout optimization.

RESULTS AND DISCUSSION

To evaluate the effectiveness of the intervention in reducing material transfer distances, a
comparative analysis was conducted between the pre-test and post-test measurements for both
the experimental and control groups. This comparison aims to identify whether the implemented
treatment produced measurable improvements in operational efficiency, particularly in
minimizing unnecessary movement during task execution. The summary of the findings is
presented in Table 1.

Table 1. Comparison of Material Transfer Distances (Meters) between Pre-Test and Post-Test

Grou Pre-Test Post-Test Difference P-
P (Meters) (Meters) (Meters) Value
Experimental | 39.25 | 26.75 | -12.5 | 0.0001
Control | 39.00 | 38.80 | -0.2 | o0.23

The analysis results showed that the experimental group experienced a significantly greater
reduction in material movement distance compared to the control group. This finding confirms
that the application of the CORELAP method has a significant impact on optimizing the layout
and reducing unnecessary movements, thus potentially increasing work efficiency and saving
energy use. In contrast, the changes in the control group appeared insignificant, indicating that
the conventional layout did not provide significant improvements in the material movement
process.

Table 2. Comparison of Production Time (Minutes) for One Cycle of Material Transfer

Grou Pre-Test Post-Test Difference p-
p (Minutes) (Minutes) (Minutes) Value
Experimental | 12.50 | 8.75 | -3.75 | 0.0003
Control | 12.40 | 12.30 | -0.10 | 0.58

The test results showed that the experimental group experienced a significantly greater increase
in production time efficiency compared to the control group. This improvement reflects the
effectiveness of the CORELAP method in accelerating workflows through more structured
reorganization and fewer obstacles. Meanwhile, the changes in the control group were very small
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and not statistically significant, indicating that traditional methods did not significantly
contribute to accelerating the production process.

Table 3. Comparison of Production Efficiency (Productivity Ratio: Output/Time in Minutes)

s Pre-Test Post-Test Difference P-
(Efficiency) (Efficiency) (Efficiency) Value
Experimental | 4.5 | 6.3 | +1.8 | 0.0001
Control | 4.6 | 4.7 \ +0.1 | 0.65

The efficiency improvements seen in the experimental group demonstrate that the
implementation of the CORELAP method significantly impacts productivity through a more
optimal workflow. A more organized layout allows processes to run faster and with fewer
bottlenecks, resulting in increased output per unit of time. In contrast, the control group showed
only small, insignificant changes, indicating that the use of a conventional layout did not
significantly contribute to increased production efficiency.

Table 4. Post-Test Comparison of Equipment Downtime (Minutes)

Group | Post-Test Downtime (Minutes) | p-Value
Experimental | 15.5 | 0.0002
Control | 18.0 | -

The reduction in equipment downtime in the experimental group indicates that the layout
improvements successfully created a more efficient workflow. More appropriate facility and
equipment placement reduced machine queues and minimized operational disruptions. This
indicates that the CORELAP method not only improved production flow but also increased
equipment availability to support work processes. Meanwhile, the control group showed no
significant improvement, so inefficiencies in the old system persisted without any significant
reduction in bottlenecks.

Table 5. Multivariate Analysis of Coherence and Cohesion Improvements (MANOVA)

Group Coherence Improvement Cohesion Improvement P-
(Score) (Score) Value
Experimental | 3.6 | 4.2 | 0.001
Control | 0.4 | 0.5 | 0.83

MANOVA results showed that the experimental group experienced significantly greater
improvements in coherence and cohesion than the control group. This improvement reflects that
the application of the CORELAP method successfully clarified the workflow and strengthened the
integration between processes in the production system. With a more structured layout, the
relationships between activities became more aligned, resulting in more systematic material
movement. In contrast, the control group showed no significant improvement, indicating that the
conventional layout did not provide sufficient impetus to improve the integration and smoothness
of work processes. The difference in results between the two groups confirms the effectiveness of
the layout redesign using CORELAP in achieving the expected improvements.

DISCUSSION

The results of this study clearly demonstrate the positive impact of the Computerized
Relationship Layout Planning (CORELAP) method in redesigning the layout of plastic waste
processing production facilities at PT KIMA. The primary focus of this intervention was to
improve production efficiency by optimizing material handling, reducing distances traveled by
materials, minimizing production time, and enhancing overall workflow. These findings align
with existing literature on the importance of layout optimization in industrial facilities and
provide evidence of the specific benefits of CORELAP for production processes in waste
management settings. The significant reduction in material transfer distances for the
experimental group from 39.25 meters in the pre-test to 26.75 meters in the post-test (p = 0.0001)
reflects a key advantage of the CORELAP method in minimizing inefficient movement within the
production facility. Previous studies have shown that layout optimization leads to significant
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reductions in material handling distances, which in turn lowers operational costs and improves
workflow efficiency. For example, work by Pattanaik & Sharma (2009) found that minimizing
transport distances in manufacturing layouts significantly improved throughput and reduced
lead times, similar to the results seen here.

The CORELAP method’s focus on minimizing unnecessary movement and optimizing material
flow directly contributed to this improvement, reflecting the methodology's success in addressing
common inefficiencies in production environments (Seth et al., 2020). Moreover, the control
group showed minimal change in material transfer distances, reducing by only 0.2 meters (p =
0.23), which underscores the static nature of traditional layouts in industrial settings. This lack
of significant change in the control group highlights the shortcomings of conventional layout
designs, which often fail to account for dynamic factors such as material movement, space
utilization, and departmental relationships (Santos et al., 2015). The experimental group’s
substantial improvement underscores the importance of applying modern optimization methods
like CORELAP in achieving operational improvements over traditional approaches. A further
improvement was observed in the reduction of production time for the experimental group, where
time taken for one cycle of material transfer decreased from 12.50 minutes in the pre-test to 8.75
minutes in the post-test (p = 0.0003). This finding aligns with research by Kassa (2015), who
noted that layout improvements that minimize material handling time directly enhance
production efficiency and overall throughput.

Additionally, studies such as those by Stephens & Meyers (2013) and Ali et al. (2016) have
demonstrated that layout optimization can streamline production processes, reduce waiting
times, and improve machine utilization. The reduction in production time observed in this study
highlights the effectiveness of the CORELAP method in facilitating smoother transitions between
workstations and reducing delays. In comparison, the control group showed a minimal reduction
of just 0.1 minutes (p = 0.58), suggesting that traditional layouts provide limited benefits in terms
of speeding up production. This result mirrors the findings of Sim (2001) and Mukherjee et al.
(2000), who found that conventional layouts in manufacturing plants tend to produce only
incremental improvements in operational efficiency. The inability of the control group to achieve
substantial time savings further emphasizes the necessity of modern layout planning techniques
in boosting production speed. The experimental group’s improvement in production efficiency,
from a productivity ratio of 4.5 to 6.3 units per minute (p = 0.0001), is particularly noteworthy.
These results suggest that the CORELAP layout redesign not only minimized material movement
but also contributed to a more efficient allocation of resources, such as equipment and
workspaces. Previous studies have consistently shown that well-designed layouts lead to more
efficient resource utilization, which in turn increases productivity.

For instance, Bendul & Blunck (2019) found that layout changes could increase the productivity
ratio by improving the spatial organization of equipment and materials. The significant increase
in productivity observed here supports the notion that layout optimization is a key factor in
improving both efficiency and output (Kovacs, 2020). In contrast, the control group showed a
minimal improvement in productivity (from 4.6 to 4.7 units per minute, p = 0.65), consistent with
findings from various studies suggesting that traditional layouts often fail to achieve substantial
increases in productivity. The results highlight the limitations of conventional layout designs,
which typically focus on static configurations rather than dynamic optimization strategies like
CORELAP. Another key finding of this study was the reduction in equipment downtime observed
in the experimental group. The experimental group experienced only 15.5 minutes of downtime
post-intervention compared to 18.0 minutes in the control group (p = 0.0002). This decrease in
downtime can be attributed to the improved flow of materials and better organization of the
workstations, which minimized bottlenecks and waiting periods for equipment. Studies such as
those by Al et al. (2024) have shown that optimized layouts lead to reductions in equipment
downtime by facilitating smoother workflows and reducing the distance between operational
stages.

The decrease in downtime is particularly important in a production setting, as it directly impacts
overall production output and costs (Nobil et al., 2023). In comparison, the control group, which
continued with the existing layout, did not benefit from such reductions. The greater downtime
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in the control group reinforces the importance of layout optimization in ensuring smoother and
more efficient operations. Lastly, the multivariate analysis of coherence and cohesion
improvements further supports the positive impact of the CORELAP method. The experimental
group showed significant improvements in both coherence (3.6 points) and cohesion (4.2 points),
while the control group demonstrated negligible changes in these areas. This suggests that the
CORELAP method contributed to a more organized and cohesive production process, where
materials were handled more efficiently, and departments worked more synergistically. These
results are consistent with findings from Bach et al. (2019), who emphasized that layout
optimization fosters better coordination and interaction between different production stages. The
improved coherence and cohesion observed in the experimental group reflect the benefits of a
well-planned and integrated facility layout.

CONCLUSION

This study has demonstrated that the CORELAP method can significantly improve the layout
design of plastic waste processing facilities, leading to increased operational efficiency and
enhanced workflow. The results showed marked reductions in material transfer distances,
production time, and equipment downtime, all of which contribute to higher productivity and
reduced operational costs. These findings are consistent with existing research on layout
optimization in manufacturing environments, which has long highlighted the importance of
minimizing inefficiencies and streamlining processes to enhance overall performance. The
significant improvements observed in the experimental group underscore the practical benefits
of applying advanced layout planning methods like CORELAP, especially in industries where
operational efficiency is critical to reducing costs and improving sustainability. Moreover, this
study reinforces the idea that layout optimization is a key factor in achieving both short-term and
long-term productivity gains in manufacturing settings. The CORELAP method not only
addresses immediate inefficiencies but also fosters better overall system coherence and cohesion,
facilitating smoother coordination between departments and resources. As previous studies have
indicated, the systematic application of layout optimization techniques can result in lasting
improvements in industrial productivity and operational flow. Future research could further
explore the potential of CORELAP in other sectors, as well as examine its long-term
environmental impacts, particularly in waste management and recycling processes, where
efficiency plays a crucial role in sustainability.
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