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ABSTRACT

This research applies the concept of sustainable layout in the
manufacturing industry by incorporating social, environmental,
and economic aspects in the production process. The main
objective of this research is to design a sustainable layout for the
plastic packaging manufacturing industry. The approach utilizes
the TOPSIS method to select an Activity Relation Chart (ARC)
integrated with a systematic Layout Planning procedure. A case
study is presented on an industry that produces plastic packaging
in Indonesia. The results show that the proposed sustainable
layout design significantly reduces the material handling distance
compared to the initial layout. These results confirm that the

TOPSIS Systematic Layout Planning approach and TOPSIS method have
great potential in designing layouts that integrate sustainable
principles effectively in manufacturing environments.

This is an open-access article under the CC—BY-SA license.

1. Introduction

In today's world, protecting and improving the environment is a critical challenge
amidst rampant pollution and resource depletion [1]. In the manufacturing sector, the
need to design safer factories and reduce pollution impacts has become an important issue
to be resolved [2-4]. This concept is known as "sustainability," which implies a
responsibility to safeguard the needs of future generations by managing current resources
[5]. The success of a sustainable approach involves three essential pillars: economy,
environment, and society [6]. Among the efforts to realize sustainable manufacturing, the
role of layout design is crucial. Designing a factory layout involves making long-term
decisions, with changes potentially resulting in high adjustment costs [7]. However, a good
layout long-term impacts industrial performance, even reducing waste and addressing
environmental concerns.

Layout design significantly affects the efficiency of the production line, which is a
significant factor in productivity [8]. An optimized layout arrangement is critical to
ensuring smooth production [9]. The concept of effective layout focuses on the optimal
utilization of production floor space to improve space quality and reduce material
movement costs [10]. However, layout inaccuracies are often the cause of inefficient
movement [11]. In designing a layout, all influential factors must be carefully taken into
account [12]. In implementing a sustainable layout in the manufacturing industry,
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economic, environmental, and social aspects must be well integrated [13]. Based on these
considerations, a sustainable approach is needed in designing the company's layout. It
aims to create a sustainable industry that is efficient in terms of production and supports
economic, environmental, and social aspects in a balanced manner. Thus, a sustainable
layout is important in realizing a sustainable and productive industry.

Previous studies have proposed approaches to planning sustainable plant layouts.
One of them is a framework that aims to improve the sustainability of factory systems
through optimal layout design [14]. Other research focuses on developing sustainable
layout design, specifically in the context of steel buildings, emphasizing the importance of
considering energy consumption to optimize cost efficiency in the construction industry
[15]. Researchers have developed a new heuristic approach to designing sustainable plant
layouts, considering various sustainability factors [16]. Furthermore, some research
focuses on dynamic facility layout planning as a sustainability strategy to minimize
material handling costs, facility rearrangement, number of material handling devices, and
budget constraints [17]. These are all crucial steps in realizing more sustainable and
efficient plant layout planning.

In addition, studies involving the application of Systematic Layout Planning (SLP)
in layout design have also been conducted. Previous case studies have indicated the
practical significance of using SLP in improving productivity and space utilization in
production units [18]. In this context, SLP has been successfully applied to various
industrial sectors, including manufacturing and textiles, to redesign the layout of facilities
based on the flow of production processes and optimize the utilization of existing resources
[19, 20]. This approach is also recognized for its alignment with lean manufacturing
principles and waste reduction efforts [9]. As such, SLP has proven to be a valuable tool
in the industry for optimizing facility layouts and improving operational efficiency.

Although several studies have examined the application of SLP, one of the gaps is
the limited in-depth exploration of the integration of sustainability concepts in the SLP
methodology. In addition, attention to sustainability aspects in layout design with SLP
procedures must be investigated. In sustainable layout design with SLP procedures,
selecting an appropriate Activity Relation Chart (ARC) is very important because it can
reflect the process flow and interaction of activities, identifying potential reductions in
material movement distances and optimizing the use of resources. A more sustainable
layout design can be planned by considering sustainability in the ARC. Therefore, proper
selection of ARC can support the implementation of lean principles and reduce waste in
line with the goal of sustainable layout design. Based on this description, this research
combines the SLP method with Topsis to complete the sustainable layout design. This
research tries to use the Topsis method to evaluate the selection of ARC alternatives with
consideration of sustainability aspects. ARC is a procedure for assessing the proximity of
facilities based on the degree of activity relationship [21, 22]. The use of the Topsis method
in evaluating available ARCs from a sustainability perspective was inspired by research
conducted by Durmusoglu [23]. The Topsis procedure has also been successfully applied
to various industrial problems [24, 25].

The integration of SLP and Topsis procedures is also applied to industrial plastic
packaging industries in Indonesia. So, this research makes a real contribution from two
aspects: science and practical contribution. This research proposes an integration
procedure that combines the SLP method with Topsis to solve sustainable layout design.
This approach enables the effective use of both methods to produce layout solutions that
are operationally efficient and consider sustainable aspects. This research applies the
SLP-Topsis integration procedure in a real case in an industry that produces plastic
packaging. Using this approach, the facility layout in the industry was re-planned with
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sustainable factors in mind. The results of this study are expected to provide practical
guidance for similar industries in sustainably optimizing their layouts.

2. Methods

2.1 Proposed Method

This research proposes combining SLP and Topsis methods in designing a
sustainable layout. In designing a sustainable layout with SLP and Topsis, the Topsis
method 1s used to select the best ARC based on sustainable aspect criteria. The stages of
designing a sustainable layout with SLP and Topsis are presented in Fig. 1.
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Fig. 1. Stages of SLP and Topsis

The SLP stage begins with data analysis of product (P), quantity (Q), routing (R),
supporting (S), and time (T) in all production activities. The next stage is to identify
material flow and create activity relations. Material flow identification can use an
Operation Process Chart or Flow Chart. This stage aims to facilitate researchers in
understanding some of the company's production processes, as well as knowing the
movement or flow of materials that occur from raw materials to finished products [26].

The next step is to create several alternative ARCs. The value of the degree of
closeness to the ARC is presented in Table 1. Each ARC alternative is assessed based on
the Topsis procedure based on the ARC assessment criteria based on sustainability
aspects. Each criterion of sustainability aspect in the ARC assessment is assessed based
on a scale of 1 (very bad) - 5 (very good). Furthermore, each ARC (i) selection step in each
criterion (j) is recorded as x;. After that, the scoring matrix is normalized using Equation
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(1). The next stage involves calculating the decision matrix weights for each criterion j,
described in Equation (2). The criteria weight scale ranges from 1 (not important) to 5
(very important). The following process is determining the positive and negative ideal
solutions described in Equations (3) and (4). The scoring for positive and negative ideal
solutions considers the benefit criteria, with A*being based on the highest y;j value.

Conversely, in the case of the cost criterion, A- is calculated based on the lowest y;
value. The value of A- for the benefit criterion is determined from the lowest y;; value, but
in the case of the cost criterion, A* is taken from the largest y; value. The difference
between each ARC's positive and negative ideal solution values is calculated through
Equations (5) and (6). In the end, the preference value for each ARC is determined. At this
stage, the preference of each ARC is calculated based on the ARC's positive and negative
ideal solution distance. This preference value is used to rank the ARCs in rank order (C*),
according to Equation (7). Thus, the selected ARC is determined based on the highest C*
value.

Table 1. Degree of proximity value

Value Proximity
A Absolutely necessary to bring a closer
E Very important to be close
I Important to be close
o Sufficient / Ordinary
U Not important
X Not desire to be close
== withi=1,2,3,...,mandj=1,23,.,n (1)
i=1%ij
vij = WiTij (2)
At = (i yf, e yH) 3)
A= (Y1, ¥2, e V) (4)
2
Sit= \/27 =1 (v —v}) (5)
_ N2
S; =\/2§!=1(v”—vj) (6)
+_ _Si +
ct = <s;+51+)’0 < Cr<1 (7)

Based on the selected ARC, the next step is to create an Activity Relationship
Diagram (ARD). The proposed new sustainable layout is based on ARC, ARD, which
considers the space requirements and the available area. The last stage is evaluating the
proposed sustainable layout by considering the distance of material transfer.

2.2 Data and Case Study

The research data is based on a case study of Indonesia's plastic packaging
production industry. The area required in the production process is presented in Table 2.
The production flow diagram is shown in Fig. 2. Furthermore, 3 experts were involved in
designing ARC alternatives, determining ARC assessment criteria, and assessing each
ARC. The ARC results of 3 alternatives are presented in Fig. 3, with proximity reasons
presented in Table 3.
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Table 2. Production process area
Department Code
Raw Material Warehouse A
Dept. Printing B
Dept. Drying C
Dept. Cutting D
Dept. Sealing E
Dept. Finishing F
Dept. Packaging G
Plastic waste bin H
Finished Product Warehouse I
. H E f D 5
&« 5 —4 \\
Z
7 3 L 2
c¥ oy / \(/
\
v9 ™~
I N
Fig. 2. Production flowchart
Table 3 Reason for proximity
Reason Codes Reason Description
1 Shared use of documents.
2 Using the same workforce.
3 Using the same space area.
4 The degree of personnel contact is frequent
5 The degree of document contact 1s often done
6 Work flow sequence
7 Carrying out the same work activities
8 Using the same work equipment
9 Possibility of unpleasant odors, noise, etc.

Furthermore, 3 criteria were set by experts to assess ARC based on sustainable
layout criteria, namely Manufacturing Efficiency (C1), Environmental Considerations
(C2), and Safety (C3). The Manufacturing Efficiency (C1) criterion represents the economic
dimension of the sustainability pillar. Meanwhile, Environmental Considerations (C2) and
Safety (C3) represent the environmental and social dimensions of the sustainability pillar,
respectively. The assessment of each ARC alternative on the criteria can be seen in Table
4. Meanwhile, the area of each production department can be seen in Table 5. In addition,
Table 6 show Importance value of each criterion.
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Fig. 3. (a) ARC Alternative 1, (b) ARC Alternative 2, and (c). ARC Alternative 3
Table 4. Assessment of each ARC alternative on criteria
Criteria Alternative Assessments
ARC1 ARC 2 ARC 3
Manufacturing Efficiency (C1) 5 4 3
Environmental Considerations (C2) 4 3 4
Safety (C3) 5 4 4

3. Results and Discussion
3.1 Proposed Sustainable Layout

The results show that the Manufacturing Efficiency criterion (C1) which represents
the economic dimension has the highest level of importance followed by the Environmental
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Consideration criterion (C2) which represents the environmental dimension and Safety
(C3) which represents the social dimension.

Manufacturing Efficiency Considerations (C1l) ranked highest in importance,
emphasizing the urgency of economic aspects in sustainable layout design. Efficiency in
the manufacturing process not only helps reduce production costs but also has the
potential to increase overall productivity [27]. Many businesses have started to take
important steps towards sustainable manufacturing [28]. Sustainable manufacturing is
the creation of products manufactured through economical and environmentally friendly
processes that minimize negative environmental impacts while conserving energy and
natural resources. Sustainable manufacturing also improves the safety of employees,
communities, and products [29].

Table 5. Area of each department

No. Room / Department Code Lenght (m) Width (m) Area (m?2)
1 Raw Material Warehouse A 5 3 15
2 Dept. Printing B 4 3,5 14
3 Dept. Drying C 3 4 12
4 Dept. Cutting D 4 3 12
5 Dept. Sealing E 3 2 6
6 Dept. Finishing F 3 4,5 13,5
7 Dept. Packaging G 4 3,5 14
8 Plastic waste bin H 1 2 2
9 Finished Product I 5 4 20

Warehouse
Total 108,5

Environmental Considerations (C2) ranked second, reflecting awareness of the
environmental impact of each step in the production process. Careful assessment of factors
such as energy use, waste management, and selection of sustainable raw materials is
increasingly becoming crucial [30]. Unlimited use of natural resources without regard to
sustainability i1s harmful to the world [31]. Emphasizing environmentally conscious
manufacturing and product recovery is a crucial strategy to reduce waste and minimize
negative environmental impacts. Last but not least, Safety Considerations (C3) which
reflect a commitment to social aspects in layout design are equally important. Focusing on
occupational safety, ergonomics, and comfort for workers creates an environment that
supports collective well-being [32]. Overall, the findings emphasize the need for a solid
balance between economic, environmental, and social considerations to design sustainable
layouts with a holistically positive impact.

Table 6. Importance value of each criterion

No. Criteria Importance value
1 Manufacturing Efficiency (C1) 5
2 Environmental Considerations (C2) 4
3 Safety (C3) 3

The results of the ARC assessment with the TOPSIS method are shown in Fig. 4.
These results show that ARC 1 has the highest preference value, so it can be selected for
a sustainable layout. The results of the ARC selection are used to load the ARD shown in
Fig. 5. Finally, the proposed sustainable layout based on SLP and Topsis is presented in
Fig. 6.
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Fig. 4. Results of ARC assessment with TOPSIS method
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Fig. 5. ARD based on selected ARC

Based on the results described in Table 7 which compares the initial layout and the
proposed sustainable layout, there is a significant difference in distance traveled. In the
initial layout, the distance traveled reached 5407.5 meters in one week. Meanwhile, the
proposed sustainable layout decreased the miles moved to 4672.5 meters in one week.
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These results highlight that the proposed sustainable layout can reduce the total
displacement distance required in the company's operations.

The decreased distance traveled also indicates that the proposed sustainable layout
can optimize the efficiency of space usage and facility placement. Furthermore, by
reducing the distance traveled, the proposed sustainable layout can potentially reduce
material handling costs and the time required for moving goods and materials. In other
words, the use of the proposed sustainable layout can have a positive impact on the
company's economic factors. These results underscore the importance of a sustainable
approach in designing company layouts. In addition to optimizing operational efficiency,
the proposed sustainable layout reflects a commitment to reducing environmental impacts
and making wiser use of resources. Overall, the findings provide concrete evidence that
the proposed sustainable layout has the potential to provide multiple benefits, namely in
terms of operational efficiency and improved environmental sustainability of the company.
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Fig. 6. Proposed sustainable layout

Table 7. Comparison of initial and proposed layouts

Initial Layout Sustainable layout Difference
proposed
Interdepartmental 40.25 meter 35.75 meter 4.5 meter
Total
Total distance
traveled for material 5407.5 meters/week 4672.5 meters/week 735 meters/week
movement
|
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3.2 Research Implications

The findings of this study have significant implications for designing and
developing sustainable layouts for manufacturing environments. Integrating the SLP with
the Topsis method demonstrates a holistic and structured approach to designing more
efficient and sustainable layouts. This method combines aspects of layout planning with
more careful decision-making, resulting in a more appropriate and optimized solution. The
proposed procedure that combines the SLP method with Topsis as a tool for ARC selection
in sustainable layout design has several significant advantages. This approach combines
the systematic aspects of the SLP method with the capabilities of Topsis in more in-depth
preference-based decision-making. This combination provides a comprehensive approach
to layout design, ensuring that decisions are based on accurate analysis and broader
considerations. Using Topsis in ARC selection allows for a more precise assessment of the
various sustainable layout alternatives. This helps identify and prioritize solutions closest
to the ideal solution, thus minimizing the risk of suboptimal decisions. The integration of
this method also makes it possible to accommodate various factors relevant to the
economic, environmental, and social dimensions in the ARC assessment. As such, this
procedure enables the selection of layouts that are not only operationally efficient but also
positively impact the environment and worker welfare.

The importance of Manufacturing Efficiency (C1), which has the most significant
weight, shows that economic aspects play a crucial role in designing sustainable layouts.
Efficiency in production processes and resource use is critical to achieving overall
sustainability goals. Therefore, organizations need to prioritize investments and changes
to improve their operational efficiency, focusing on reducing production costs and
increasing productivity. The finding that the proposed layout can reduce material
handling distances is clear evidence that a sustainable approach to layout design can
directly reduce operational costs and optimize resource use. The reduction in material
handling distances not only impacts the efficiency of the production process but also has
the potential to reduce energy consumption and greenhouse gas emissions associated with
material movement.

4. Conclusion

In the conclusion of this scientific article, the main objective has been successfully
achieved by designing a sustainable proposal to improve the company's layout. The results
show that an approach that combines Systematic Layout Planning and TOPSIS as an ARC
evaluation tool can produce a more optimal sustainable layout arrangement characterized
by a reduction in material handling distances that are more efficient. Nevertheless, this
research also has limitations regarding criteria selection in ARC selection. Therefore,
future research is recommended to consider using more complex and comprehensive
criteria in designing sustainable layouts. In addition, it is essential to note that this study
did not consider the relationship between criteria. Therefore, future research is expected
to consider the possible interconnections between the criteria in the ARC selection process
to produce more accurate and sustainable recommendations for designing better layouts.
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