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This study aims to redesign the layout of 

production facilities at PT XYZ using the 

Systematic Layout Planning (SLP) method to 

improve operational efficiency. The research 

method used is a descriptive quantitative 

approach with the analysis of material 

displacement distance and material 

displacement moment. The results showed that 

the alternative layout Plan A (U-Flow) was able 

to reduce the total transport work from 5,956.39 

units to 4,118.57 units or experienced an increase 

in efficiency of 30.86%. These findings confirm 

that the SLP method is effective in improving 

material flow, reducing material handling costs, 

and improving work safety aspects. 

Theoretically, this study enriches the literature 

on the application of SLP in the manufacturing 

industry, while practically providing guidance 

on layout improvements that can increase the 

Company's productivity and competitiveness. 
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INTRODUCTION 
The manufacturing industry has long been recognized as one of the key 

drivers of Indonesia’s economic growth, contributing significantly to the national 
Gross Domestic Product (GDP) as well as employment creation, export 
performance, and technological development. According to data from the 
Central Bureau of Statistics (BPS), the manufacturing sector contributed IDR 
877.8 trillion, or 17.84% of national GDP, in the second quarter of 2022, 
reaffirming its position as the backbone of the Indonesian economy. In addition, 
the sector accounted for 0.82% of the 5.44% year-on-year economic growth 
during the same period. These figures underscore the crucial role of 
manufacturing in sustaining economic resilience, especially amid global 
competition and structural transformation in domestic industries. 

Despite its importance, the Indonesian manufacturing industry continues 
to face substantial challenges in maintaining operational efficiency. One of the 
most pressing issues is related to facility layout inefficiencies, which have direct 
implications for production performance, cost structures, and competitiveness. 
Inappropriate facility layouts often result in long distances of material flow, 
cross-movements, and backtracking, all of which increase material handling 
costs, prolong production lead time, and reduce overall productivity. These 
inefficiencies not only affect production outcomes but also hinder companies in 
achieving delivery targets, thereby weakening competitiveness in both domestic 
and international markets. 

PT XYZ, a long-established company in the compressor manufacturing 
sector, exemplifies these challenges. The company’s existing facility layout 
demonstrates several weaknesses, including excessive distance between 
workstations, misalignment between process sequences and workstation 
placements, and unbalanced distribution of production space. These conditions 
contribute to material flow inefficiencies, production delays, high operational 
costs, and suboptimal use of resources. With projected increases in production 
volume and workforce size in the coming years, these inefficiencies are expected 
to intensify if not properly addressed. 

Addressing these challenges requires a systematic and data-driven 
approach to facility layout redesign. The Systematic Layout Planning (SLP) 
method has been widely recognized in the literature as an effective tool to 
optimize material flow, reduce handling costs, and improve operational 
efficiency. Prior studies (e.g., Adiasa et al., 2020; Putri & Juliana, 2024; Afifah & 
Ngatilah, 2020) demonstrate the consistent effectiveness of SLP in reducing 
material travel distance, eliminating cross-movements, and enhancing 
productivity across different manufacturing settings. However, these studies 
also reveal limitations, such as the lack of integration between layout redesign 
and time efficiency analysis, or insufficient attention to occupational health and 
safety (OHS) considerations. 

This study builds upon the existing body of knowledge by applying the SLP 
method in PT XYZ with a more holistic perspective. Unlike previous research 
that primarily focused on material distance reduction, the present study 
incorporates the evaluation of material transfer time efficiency, cost-saving 
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potential, and ergonomic aspects to ensure that the redesigned layout not only 
improves productivity but also creates a safer and more sustainable working 
environment. By doing so, the research is expected to generate theoretical 
contributions to the academic discourse on facility layout planning and practical 
implications for manufacturing companies seeking to improve competitiveness 
through operational excellence. 
 

LITERATURE REVIEW 
The efficiency of manufacturing operations is strongly influenced by 

facility layout, which determines the spatial arrangement of machines, 
equipment, and workstations in a production system. A well-designed layout 
facilitates smooth material flow, reduces production cycle time, and minimizes 
material handling costs, while a poorly arranged layout can result in 
inefficiencies, including backtracking, cross-movements, and excessive transfer 
distances (Goswami et al., 2020; Nurhidayat, 2021). Facility layout has thus been 
considered a strategic decision in operations management, as it directly affects 
productivity, safety, and long-term competitiveness. 

Material handling is another critical factor in manufacturing efficiency. It 
encompasses the movement, protection, storage, and control of materials 
throughout the production process (Kurniawan & Pramesti, 2019). Inefficient 
material handling often leads to wasted time, higher operational costs, and 
increased risk of product damage. Principles of material handling emphasize 
planning, system integration, space utilization, unit load, and safety, all of which 
support streamlined workflows and productivity improvement. Effective 
material handling not only lowers costs but also contributes to operational 
reliability and workplace ergonomics. 

Among various methods proposed to improve facility layout and material 
handling, Systematic Layout Planning (SLP) has emerged as one of the most 
widely adopted approaches. Originally developed by Richard Muther, SLP 
provides a structured methodology for analyzing material flow, activity 
relationships, space requirements, and practical constraints to generate 
alternative layout designs (Bagaskara et al., 2020). The SLP process consists of 
several steps, including analyzing product and process characteristics, 
evaluating activity relationships, developing space relationship diagrams, and 
formulating alternative layouts for evaluation. This method has proven effective 
in diverse industries, ranging from small-scale enterprises to large 
manufacturing plants, due to its systematic and flexible nature. 

Numerous empirical studies have demonstrated the effectiveness of SLP 
in improving operational efficiency. Adiasa et al. (2020) showed that redesigning 
the facility layout of a plating process reduced material travel distance by more 
than 60%, significantly improving operational performance. Putri and Juliana 
(2024) applied SLP combined with the Blocplan algorithm, achieving reductions 
in material handling costs and travel distances. Similarly, Afifah and Ngatilah 
(2020) demonstrated that SLP-based redesign eliminated backtracking and cross-
movement issues in a manufacturing facility, leading to shorter cycle times and 
higher productivity. These findings consistently highlight that SLP reduces 



Achmad, Santoso 

2882 

material transfer distances, improves process flow, and lowers costs, making it a 
reliable tool for operational improvement. 

Despite these benefits, limitations remain in the existing literature. Many 
studies focus primarily on quantitative outcomes, such as reductions in distance 
or cost, while giving limited attention to other important dimensions such as 
safety, ergonomics, and time efficiency. For instance, most redesigns prioritize 
minimizing material transfer distance but overlook the implications for operator 
fatigue, accident risks, or compliance with occupational health and safety (OHS) 
standards. As Aprilliani et al. (2022) and Jaya et al. (2021) emphasize, 
incorporating OHS considerations into facility layout is essential to prevent 
workplace accidents, improve employee well-being, and sustain long-term 
productivity. 

This research seeks to bridge these gaps by applying the SLP method not 
only to minimize distance and cost but also to integrate time efficiency and OHS 
aspects into the layout redesign. By doing so, it extends the theoretical discourse 
on facility layout beyond conventional efficiency metrics and offers a more 
holistic approach that aligns with the broader objectives of Industry 4.0, where 
operational excellence, safety, and sustainability must coexist. 
 
METHODOLOGY 

This study adopts a quantitative descriptive approach by applying the 
Systematic Layout Planning (SLP) method to redesign the production facility 
layout of PT XYZ, a manufacturing company operating in the compressor 
industry. The choice of SLP is based on its systematic and structured procedure, 
which enables the evaluation of existing layouts and the design of improved 
alternatives through both qualitative and quantitative analysis of material flow, 
activity relationships, and spatial utilization. 

 
Research Design 

The research was designed to analyze inefficiencies in the current facility 
layout and propose an alternative that improves operational efficiency. The 
stages followed include: 
a) Observation and data collection of existing facility layout, production 

processes, material flow, and space utilization. 
b) Measurement of material movement distance using rectilinear (Manhattan) 

distance to capture actual travel patterns between workstations. 
c) Calculation of material handling moments, defined as the product of distance 

and frequency of movement, to assess the operational load of the current 
layout. 

d) Analysis of activity relationships using Activity Relationship Charts (ARC) 
and From-To Charts (FTC) to evaluate the qualitative closeness and 
quantitative flow intensity among facilities. 

e) Development of alternative layouts through block diagrams and flow 
analysis, considering operational needs, space constraints, and safety 
requirements. 

f) Evaluation and selection of the best layout alternative, based on efficiency 
measures such as reduction in transport work, material transfer distance, and 
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handling cost, as well as qualitative factors including ergonomics and 
occupational health and safety (OHS). 

 
Variables 
a. Independent Variable: Distance of material transfer between workstations, 

measured in meters. 
b. Dependent Variable: Material handling moment, calculated as the product of 

material flow frequency and transfer distance. 
c. Control Aspects: Space requirements, process sequence, and safety 

considerations (K3/OHS). 
 

Data Collection 
The data were obtained through: 

a. Direct observation of production processes and material flows in the existing 
facility. 

b. Company records and technical documents related to production volumes, 
workforce projections, and layout dimensions. 

c. Interviews with production supervisors and operators to validate operational 
bottlenecks and safety concerns. 

 
Data Analysis 

Quantitative data were analyzed using SLP techniques, including: 
a. Operation Process Charts (OPC) to describe process sequences. 
b. From-To Charts to quantify flow intensity and distances. 
c. Space Relationship Diagrams (SRD) to translate activity closeness into spatial 

allocation. 
d. Transport work and efficiency calculations to compare existing and proposed 

layouts. 
Through these procedures, the study provides a rigorous and structured 

analysis of the existing facility layout, enabling the development of alternative 
layouts that aim to minimize material handling distance, reduce operational 
costs, and improve both efficiency and workplace safety. 
 
RESEARCH RESULT 
Data Analysis 

The layout of PT XYZ's production facilities still faces efficiency problems, 
characterized by long material transfer distances, irregular trajectories, and the 
existence of backtracking and cross-movement that increase travel time, 
operational costs, and decrease productivity. To overcome this, this study applies 
Systematic Layout Planning (SLP) which analyzes the relationship between 
activities, frequency of displacement, and area needs to produce a more logical 
and efficient layout. These improvements not only minimize distances and 
crossings, but also support occupational safety and health (K3) aspects through 
a more orderly and ergonomic material path. Quantitative analysis showed a 
significant decrease in material displacement moments, confirming that the new 
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layout was able to save time, reduce costs, and increase production efficiency in 
a measurable way. 

Table 1. Efficiency comparison 

Layout Total 
Transport 
Work 

Decrease 
(Units) 

Efficiency 
(%) 

Flow 
Index 

Analysis 

Existing 5.956,39 – – – High, lots of 
backtracking 
and cross-
tracks. The 
relationship 
between 
activities is 
inefficient. 

Plan A (U-
Flow) 

4.118,57 1.837,82 30,86% 976,64 Most 
efficient. 
High-
frequency 
activity is 
brought 
closer 
together, 
cross-paths 
are 
minimized. 

Plan B 
(Straight 
Flow) 

4.621,35 1.335,04 22,42% 1.164,8 Better than 
existing, but 
the distance 
between 
high-
volume 
activities is 
still too far. 

 
Further analysis of the activity pairs with the highest displacement 

moments reveals crucial improvement gaps. For example, in Plan B, activity pairs 
16–19 (with high frequency and 60.2 meters of distance) produced 903 transport 
work, the highest among all pairs. Likewise, activity 9–19, which had a material 
movement distance of 184.8 meters, produced transport work of 554.4, indicating 
the urgent need to relocate the workstation to be closer. In addition, activities 6–
22 and 8–22, which accounted for 415.8 and 403.2 units, respectively, show that 
the position of the raw material warehouse and production input area in the Plan 
B layout has not been fully optimized. 

By considering all aspects of quantitative efficiency, production flow 
effectiveness, and layout order, it can be concluded that Plan A (U-Flow) is the 
most feasible layout to be implemented at PT XYZ. This layout not only provides 
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significant savings on total transport work, but also creates a more compact 
workflow, avoids overlapping material paths, and supports improved safety and 
ergonomics. In addition, Plan A's flexibility in accommodating future production 
capacity growth is also an important added value. 

As a final result of the layout design process using the Systematic Layout 
Planning (SLP) approach, two alternative production layouts have been 
developed that aim to optimize the efficiency of material flow and the utilization 
of workspace at PT XYZ's facilities. The two alternatives, namely Alternative A 
and Alternative B, use the U-Flow principle with different strategies in the 
placement of warehouse areas, production centers, and quality inspection points. 
The evaluation is carried out based on the total flow index, the efficiency of 
material flow from warehouse to assembly, from receipt to warehouse, to the 
storage of finished goods, and land utilization. The following Figure 4.2 presents 
a visualization and comparison of the performance data of each of the proposed 
layout alternatives. 

 
Figure 1. New Alternative Layout 

 
Based on Figure 1, the two layout alternatives (A and B) both use a U-

shaped flow pattern, but with different configurations. Alternative A emphasizes 
the centralization of production areas and the decentralization of warehouses, 
while Alternative B brings together production and warehouse areas and moves 
QC to a more strategic position. In terms of efficiency, Alternative B is superior 
with a Total Flow Index of 1,634 compared to Alternative A of 1,763, especially 
in the material receipt route to the warehouse. However, Alternative A is more 
efficient on the final track from assembly to finished goods storage. Thus, 
Alternative A excels in the late stages of production, while Alternative B is more 
effective in the early stages of logistics. The selection of the best layout needs to 
be adjusted to the characteristics of the process, the intensity of the relationship 
between activities, and the company's long-term needs related to flexibility, 
supervision, and work safety. 
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Research Results 
The main result of this study is the design of a new production facility 

layout with the SLP method which is proven to improve PT XYZ's operational 
efficiency, in the form of: 

• Alternative layout Plan A (U-Flow) with transport work efficiency of 30.86%. 

• Alternative Plan B (Straight Flow) layout with an efficiency of 22.42%. 

• Recommendations for the implementation of Plan A as a more optimal layout. 

 
Figure 2. Comparison of Transport Work Efficiency of Alternative Layout of 

PT. XYZ 
 
Thus, the solution to the problem of layout inefficiency at PT XYZ is 

carried out by selecting and recommending the implementation of the Plan A (U-
Flow) layout, which is proven to be the most efficient and in accordance with the 
company's operational needs 
 
DISCUSSION 

The application of the Systematic Layout Planning (SLP) method in this 
study has been proven to make a significant contribution to improving the 
efficiency of the layout of production facilities at PT XYZ. The existing layout 
shows a total transport work of 5,956.39 units, which indicates a high burden of 
material movement due to inefficient distance between workstations and often 
overlapping movement flows. This condition has an impact on increasing travel 
time, operational costs, and potential occupational safety risks due to congested 
and irregular moving routes. This irregularity is reflected in the high flow index 
value and moment of displacement, so it is the basis for the urgency of 
redesigning the facility layout. 

The results of the development of two alternative layouts, namely Plan A 
(U-Flow) and Plan B (Straight Flow), show significant improvements in system 
efficiency. Plan A resulted in a decrease in transport work to 4,118.57 units or 
30.86% lower than the initial condition, and had a flow index of 976.64. 
Meanwhile, Plan B showed a transport work value of 4,621.35 units with a higher 
flow index, which was 1,164.8. Although both show improvements compared to 
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the initial layout, Plan A is considered more optimal because it is able to 
minimize the distance of moving activities with high frequencies, shorten the 
material trajectory, and improve the continuity of the production process flow. 

When compared to previous research, the results of this study are consistent 
with the findings of Bagaskara et al. (2020) which recorded a 30% reduction in 
material displacement distance through the SLP method. In fact, the efficiency 
achieved in this study exceeded the achievement of several other studies, such as 
Susanto & Rusindayanto (2019) which only succeeded in reducing the material 
displacement load by 20.93% using the combined SLP and CRAFT methods. 
Research by Yulia et al. (2022) focusing on daily cost efficiency through material 
handling reduction also strengthens the effectiveness of the SLP method, 
although the approach used is not comprehensive to the distance and production 
flow in detail as done in this study. 

The novelty of this research lies in the integration of various quantitative 
variables in the evaluation of the layout, namely the distance of displacement, 
frequency of displacement, and moment of material displacement as well as 
comprehensive measurement of the total transport work and flow index. Not 
only pursuing technical efficiency, the Plan A design also considers aspects of 
occupational safety and health (K3), workspace regularity, and flexibility for 
future expansion. This approach resulted in an alternative layout that was 
adaptive to the complexity of the manufacturing process at PT XYZ, as well as 
supporting long-term operational efficiencies. 

Based on the results of analysis and comparison with previous research, it 
can be concluded that Plan A (U-Flow) is the most feasible alternative to be 
implemented. Not only does it provide technical and operational efficiency, but 
it also harmonizes the workspace based on the logical relationship of activities. 
This efficiency is manifested in a significant reduction in material mileage, a 
decrease in transport work, as well as improvements in workflow and 
relationships between activities. Thus, the results of this study make a practical 
and academic contribution to the development of SLP-based production facility 
design that not only focuses on output, but also pays attention to sustainability 
and operational safety. 
 
CONCLUSIONS AND RECOMMENDATIONS 

This study aims to redesign the layout of the production facilities at PT XYZ 
using the Systematic Layout Planning (SLP) method to improve operational 
efficiency and improve the flow of material transfer. Based on the results of data 
analysis, it can be concluded that the existing layout has significant weaknesses, 
such as inefficient material flows, many overlapping tracks, and workstation 
positions that do not match the order of the production process. PT XYZ's 
existing layout has significant weaknesses in the form of total transport work of 
5,956.39 units with a maximum displacement distance of 184.8 meters, which 
causes material flow inefficiency, long travel times, high material handling costs, 
and increased K3 risk.  

Through the application of the Systematic Layout Planning (SLP) method, 
two alternative layouts were designed Plan A (U-Flow), Transport work 
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efficiency increased by 30.86%, with total transport work falling to 4,118.57 units 
and maximum displacement distance of only 111.3 meters and Plan B (Straight 
Flow), Transport work efficiency increased by 22.42%, with total transport work 
of 4,621.35 units. Compared to the two alternatives, Plan A is more optimal 
because in addition to being quantitatively efficient, it also considers aspects of 
work safety, ergonomics, and flexibility for future production expansion. 

Thus, the solution of PT XYZ's layout problems is carried out through 
recommendations for the implementation of Plan A (U-Flow) which has proven 
to be the most suitable to improve operational efficiency. 

Through the application of the SLP method, two alternative layouts were 
successfully developed, namely Plan A (U-Flow) and Plan B (Straight Flow). Plan 
A showed the best performance with a decrease in total transport work to 
4,118.57 units or an efficiency of 30.86% compared to the initial condition. Plan A 
also resulted in a lower flow index, which was 976.64, indicating a more regular 
and shorter flow of materials. This alternative also pays attention to the 
relationship between activities, spatial order, and work safety aspects, so that it 
is considered the most suitable to be implemented in the work environment of 
PT XYZ. 

The results of this study provide important implications for the 
management of PT XYZ, namely: 
1) Investment Decision Making – Management can make the results of the re-

layout as the basis for strategic investment decisions in the field of production 
facility improvement. 

2) Cost Efficiency and Productivity – The new layout reduces material handling 
costs by up to 30%, speeds up production process time, and increases output 
without the need to add more resources. 

3) Occupational Safety and Health (K3) – The new layout reduces the risk of 
backtracking and cross-tracks, thereby reducing the potential for work 
accidents and supporting an ergonomic working environment. 

4) Company Competitiveness – With a shorter production lead time, PT XYZ 
can respond to customer orders faster, improve customer satisfaction, and 
strengthen its position in the market. 
 

Recommendation 
Based on the results of the research and the conclusions that have been 

obtained, here are some suggestions addressed to related parties so that the 
implementation of the redesign of the layout of production facilities can run 
optimally and sustainably: 
1. For the Management of PT XYZ 

Management is advised to immediately consider the implementation of an 
alternative Plan A (U-Flow) layout, as it has proven to be the most efficient in 
reducing material displacement burdens by more than 30%. This change in 
layout is also expected to improve the smooth flow of production and reduce 
the risk of work accidents due to overlapping material lines. 

2. For Production and Quality Control (QC) Team 
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It is recommended that the production and QC teams conduct socialization 
and training on the new layout before implementation, so that all workers 
understand the workflow more efficiently and securely. In addition, the 
active involvement of the QC team is also important in ensuring that layout 
efficiency does not compromise product quality standards. 

3. For Engineering and Maintenance Team 
The technical team is advised to carry out re-measurements and technical 
validation before the physical implementation of the new layout. This 
includes checking the electrical, ventilation system, and equipment needs at 
the new location to ensure the proposed layout can be implemented safely 
and functionally. 

4. For the Department of Health and Human Welfare (Occupational Safety and 
Health) 
Layout changes must be accompanied by a re-evaluation of evacuation 
routes, assembly points, and placement of fire extinguishers. The new layout 
is expected to be not only efficient, but also safer and in accordance with 
applicable occupational safety standards. 

 
ADVANCED RESEARCH 

It is recommended to expand this research by adding variables of process 
time, actual cost of movement, and integration of lean manufacturing systems. 
Further research can also use software-based simulations such as FlexSim or 
AnyLogic to dynamically evaluate layout performance. 
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