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decision-making, taking into account factors such as operational efficiency,
adaptability, safety, and sustainability. The data collected demonstrates the
effectiveness of using SLP and AHP together as an organized approach to aid
strategic decisions in the industrial sector. In addition to providing concrete answers
to the company used to validate this approach, this study strengthens the scientific
basis that proves that these tools, when used together, form a reliable framework
for improving factory layouts in the automotive industry. The novelty of this paper
lies in the hybrid application of Lean philosophy and its methods, combined with
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approach yields more targeted and impactful results aligned with the main goals of
any company. This contribution is especially significant because, unlike most
research that focuses on changing existing layouts, the methodologies were
successfully implemented in this case in the planning of a new automotive
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1. Introduction

The automotive industry is one of the most strategic and challenging sectors of the global economy,
characterized by intense competition and constant demands for productivity, flexibility, and sustainability. The
integration of Industry 4.0 technologies, the digitization of production systems, and growing environmental pressure
require automotive organizations to reevaluate their management models and manufacturing structures [1,2]. In this
scenario, factory layout planning is a critical factor, as a functional arrangement of resources can significantly reduce
internal handling costs, reduce motion, minimize cycle times, and optimize space utilization [3,4]. Recent studies
indicate that the adoption of optimized layouts can result in reductions of more than 20% in handling costs and
substantial improvements in productivity [5,6].

The Systematic Layout Planning (SLP) methodology, developed by Muther and Hales [3], is widely used to
generate structured layout alternatives based on the analysis of material flows, proximity relationships, and spatial
constraints [3]. SLP integrates qualitative and quantitative criteria to develop efficient, safe, and adaptable facility
layouts that support productivity and continuous improvement. It aims to enhance material flow, minimize
handling time, and reduce production costs through the strategic placement of interrelated areas. The method
consists of three main phases: Analysis, Search, and Selection. The Analysis phase examines product flows and
operational relationships, resulting in a relationship diagram that classifies proximity needs using the semantic
scale coded as A, E, I, O, U, and X, to denote degrees of closeness between layouts departments—from
“Absolutely necessary” (A) to “Undesirable” (X), often accompanied by numerical reasons for proximity, applied
throughout a relationship alternatives matrix. The Search phase identifies layout constraints and explores feasible
alternatives that balance efficiency and practicality. Finally, the Selection phase evaluates the alternatives based
on flexibility, space utilization, safety, and cost-effectiveness.

To support the selection of the best solution, the Analytic Hierarchy Process (AHP), developed by Saaty [7,8],
is one of the most widely applied multicriteria decision-making (MCDM) methods, particularly effective for
problems involving subjective judgments, which allows for the weighting of multiple quantitative and qualitative
criteria, such as cost, flexibility, or safety [9]. The AHP structures decision problems into a hierarchical model
consisting of a goal at the top, followed by decision criteria, and the available alternatives at the bottom. The method
relies on pairwise comparisons between criteria and alternatives, using Saaty’s 1-9 semantic scale to express relative
importance to the goal, meaning 1—equal importance, 3—moderate importance, 5—strong importance, 7—very
strong importance, and 9—extreme importance, being the 2, 4, 6, 8 the intermediate values between the above
judgments. The comparisons produce priority vectors and consistency ratios that ensure logical coherence in the
decision-making process. The priority weights are derived through the computation of eigenvalues and eigenvectors,
quantifying the relative influence of each element. A Consistency Ratio (CR) below 0.10 indicates reliable judgments.
Although these calculations can be performed manually, specialized software such as RStudio facilitates efficient and
accurate analysis in complex decision-making scenarios.

The AHP uses pairwise comparison matrices to assign relative importance among criteria. Each element a;;
of the matrix represents the importance of criterion C; compared to criterion C;;, with reciprocal values a; =
aiu After constructing the comparison matrix, normalization is performed by dividing each element by the sum of
its column. The weight of each criterion is then obtained through the priority vector A, calculated as the arithmetic

mean of the normalized values [7]. To ensure logical coherence, a Consistency Index (CI) is computed based on
Amax —1n

n-1 cl
alternatives. The Consistency Ratio (CR) assesses whether judgments are acceptable: CR = o Here, RI is the

the maximum eigenvalue A4,,,, of the comparison matrix: CI = , where n number of compared

Random Consistency Index proposed by Saaty [7]. The matrix is considered consistent if CR < 0.10.

The integration between SLP and AHP supported by Lean Principles in increasing the economic and
environmental sustainability has demonstrated theoretical robustness and practical application, with gains in layout
selection efficiency of up to 30% compared to traditional methods [9,10]. In the literature, several practical cases
with concrete quantitative impacts stand out, which are fundamental for future comparison, such as: A study by
Qamar et al. [11] at a light vehicle manufacturer in Jordan presented a model with five layout alternatives generated
via SLP and evaluated by AHP, revealing a significant reduction in the total distance traveled by materials, with a
consistency matrix of 6.918%; A study in micro and small industries (MSME) reported that the use of SLP reduced
material handling costs by 67.8% and daily handling time by 69.19% [12]; A comparative investigation between
SLP, Automated Layout Design Program (ALDEP), and Computerized Relationship Layout Planning
(CORELAP) concluded that the ideal layout via SLP reduced the distance traveled by parts daily by 32.68% [13];
A study of the restructuring of a glass factory using SLP combined with simulation (Discrete Event Simulation
(DES)) resulted in an average reduction of 52% in the distance traveled by operators, increased material flow
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efficiency, and a relative efficiency of 90% in the selected layout [14]; In a generic industrial context, the
application of SLP increased the layout efficiency of a company from 96.7% to 98.5% [15]; Furthermore, a study
applying SLP to a loudspeaker industry managed to reduce handling costs by 11.63% [16]; A study in a furniture
factory used different layout modeling techniques (Graph Theory, CRAFT, Genetic Algorithm, etc.) and compared
alternatives via AHP. The final layout reduced handling costs and increased flow efficiency [17]; An integrated
methodology of AHP with nonlinear programming (NLP) was proposed and applied to a real case, allowing
quantitative and qualitative criteria, such as costs, distances, and flexibility, to be considered simultaneously [18];
A study on the optimization of an automotive air conditioning component production line, based on Standard Work
and Lean Thinking, increased the average OEE by 16%, from 70% to 86% [19]; The application of Lean tools
(PDCA, 5S, SW2H) in a trimmings factory resulted in a 10% increase in available working time per operator,
demonstrating an impact on sectors supplying the automotive industry [20]; A case study at a bus manufacturer
showed that reorganizing the layout and applying Lean tools reduced picking time by about 75 min per cycle and
decreased operator turnover by 50% [21]; A digital layout optimization tool with 3D simulation, considering
ergonomics and human logistics flows, was successfully tested in a real industrial case, reducing implementation
times and improving logistics routes [22]; A mathematical model applied to the automotive industry has proven
effective in creating hybrid layouts, reconciling distance minimization and resource utilization maximization, with
computational results obtained in seconds [23]; A study in an automotive assembly environment designed a
collaborative cell layout with an industrial robot, through detailed risk analysis, ensuring both safety and
productivity [24]; A mathematical model applied to a just-in-time (JIT) retail warehouse in Portugal reduced the
distance traveled by more than 2000 km/month simply by reallocating internal locations [25]; A study on the
optimization of a three-dimensional picking warehouse proposed a mathematical model to determine aisle depth,
number of storage levels, and lateral and longitudinal width. The results showed that the appropriate choice of
these parameters significantly reduced handling and space costs, allowing optimal solutions to be found in terms
of total cost for different demand scenarios and operating costs [26].

Despite these promising results, there is a substantial gap in literature: most studies focus on reconfigurations
of existing layouts or simulations, with few applying both SLP and AHP in new manufacturing plants in the
automotive sector, especially in real-world contexts of facility construction from the initial planning stage.

Moreover, the above-referred methodologies can be deeply supported by Lean tools, reducing the waste in
intralogistics operations, as previously reported [19-21], increasing by this way the economic and environmental
sustainability. However, depending on the specific needs and complexity of each case, the Lean tools need to be
selected and applied in a judicious way.

In this context, the work carried out is particularly important, as it addresses in an integrated manner a real
challenge of manufacturing expansion in companies integrated in the automotive sector. Unlike many studies
focused on reconfiguring existing layouts, this study deals with the definition of a production unit from its
conception, which involves long-term decisions with a direct impact on the company’s sustainability, flexibility,
and competitiveness. By combining SLP with the AHP, this study not only allows for the structuring of optimized
layout alternatives based on objective criteria but also provides a decision-making process based on multiple
qualitative and quantitative criteria, involving aspects such as safety, expansion capacity, logistics costs, and
energy efficiency. In addition to its applied contribution, the proposed model is also scientifically relevant, as it
provides empirical evidence comparable to previous studies and reinforces the applicability of these methodologies
in complex industrial contexts, such as the automotive industry, which is characterized by high demands for rigor,
technological integration, and competitive pressure.

The novelty of this paper lies in the hybrid application of Lean principles directly related to economic and
environmental sustainability, and its methods, combined with SLP and the AHP. By applying Lean principles to
each alternative prior to the SLP and AHP comparative analysis across criteria, the approach yields more targeted
and impactful results aligned with the company’s objectives. Therefore, this study aims to create and structure a
management model for the new manufacturing unit, applying SLP to generate layout alternatives that minimize
internal distances and logistics costs and maximize space and flexibility. These alternatives are then evaluated
using AHP, considering quantitative criteria (cost, distance, space usage) and qualitative criteria (flexibility, safety,
sustainability). The main factors taken into consideration to pursue the mains goals of this work are: Flow,
Flexibility and Costs, as explained ahead.

This article is organized as follows: after the introduction, the methodology of the work is presented, where
the specific problem is introduced and the strategy for solving the problem is defined, establishing the initial data.
Next, in the results chapter, it is described how the strategy was implemented and the new results obtained, in the
discussion, the results obtained are compared with other solutions mentioned in the literature. Finally, in
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conclusion, the improvements achieved, their alignment with the objectives, the novelty of the methodology used,
and how the application of the methodology can be generalized are highlighted.
2. Methodology

For a new manufacturing unit to be successfully implemented and for a company to make the most of the
new layout, it is necessary to consider the methodology that will be used and the steps that need to be followed. It
was necessary to outline what would need to be done to achieve this goal, as described in Table 1.

Table 1. Different steps for the Methodology.

Step No Step Description
1 Review of Lean methodologies applied to flow optimization
2 Review of tools applied to the creation of industrial layouts
3 Analysis of manufacturing processes associated with products manufactured by each company
Analysis of the available industrial, manufacturing and storage areas, ceiling heights,
4 interconnections, infrastructures available and needed, handling and storage equipment requirements.

Compare alternative design solutions with their initial layouts within each company
Analysis of inventory management policy and material flows for each alternative
Study, selection, discussion, and simulation of layout alternatives for a new manufacturing facility
based on relevant criteria to achieve the previously defined goals
Development of the selected layout
Monitoring the equipment transfer operation
Analysis of the economic impact of the implementation of the new manufacturing facility
Future proposals to be implemented in each case

O 03 O W

—_
=]

All these steps are directly or indirectly important for achieving results, starting with the review of Lean
practices, an approach that allows companies to reduce costs, increase efficiency, reduce execution times, reduce
all types of waste, and maintain low inventory levels. All these factors contribute to customer satisfaction and,
consequently, increased profit margins for the organization [27].

Moving on now to the definition of layouts, a layout consists of the organized spatial dispersion of various
elements that make up a value creation system, composed of various processes and functions, in a given finite
three-dimensional space, in which certain elements flow, such as equipment, materials, people, information,
security, and communication. The study of layout is extremely important, as it ensures the right choice to
streamline the process [28]. The layout arrangement is known to have a significant impact on production costs,
Work in Progress (WIP) levels, lead time, and productivity. An appropriate layout contributes to the overall
efficiency of operations. Therefore, the structure of a layout influences the performance and operational
competitiveness of an organization [21]. One tool used to aid in layout decisions is SLP, which is used to organize
the layout, locating high-frequency areas and logical relationships close to each other. The process allows the flow
of material needed for product manufacturing to be carried out more quickly, at lower cost, and with less
processing/handling [3]. The SLP was implemented based on Figure 1.
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Figure 1. SPL implementation phases.
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It is also extremely important to use decision support tools, particularly in problems involving subjective
assessments, such are the Multicriteria Decision Aid methods (MCDA) [7]. The choice in this case, was the AHP
method, one of the multi-criteria decision support tools with the highest number of practical applications reported
in the literature due to existing software leading the users on the method implementation, its improvements, such
as the consistency index to overpass its drawbacks, as compensatory method, related to others existing non-
compensatory well-known methods such as the Preference Ranking Method for Enrichment Evaluation
(PROMETHEE) family, Elimination and Choice Translating Reality for Enrichment Evaluation (ELCTRE)
family, Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), as well hybrid methodologies
combining methods to overpass the drawbacks of each one [29]. The problems addressed by MCDA methods are
typically those of selecting and evaluating alternatives [7].

The first phase to implement the methodology is to analyze the company’s current layout, identify areas for
improvement, materials flows. All related processes were analized and Lean principles coupled to economic and
environmental sustainability, applied to increase their performance considering relevant issues and, understand the
motivations, objectives, and decision-making criteria that were considered for the layout of the new manufacturing
unit, as well as the restructuring of existing ones and imposed constraints. An increase in the space allocated to
product manufacturing is necessary, as well as the space available for material storage, due to the usual company’s
production growth. In the case taken as a case study to validate this work, the company under study has two sectors,
located about 1 km apart from each other. Sector 1 contains three production areas and three warehouses, while
sector 2 contains two production areas and one warehouse. In sector 1, there are three distinct modules, called F2,
F3, and F4, and their respective warehouse areas are also subdivided. Sector 2 is divided into two distinct modules,
F1 and F5, and contains a warehouse area. It is possible to see these divisions in Figure 2. In addition to these two
sectors, the company has three more rented warehouse areas, which are used to store obsolete lines and equipment,
maintenance materials, among others. These areas are located about 3 km from sector 1.

(a) (b)

Figure 2. Subdivisions of sector 1 (a) and sector 2 (b).
The description of the company’s manufacturing areas is shown in Table 2.

Table 2. Description of the company’s manufacturing areas.

Module/Warehouse Description Area (m?)
F1 Spiral manufacturing 2500
F2 Manufacture of a large series of control cables with plastic overmolding 2415
F3 Manufacture of a large series of control cables 2406
F4 Manufacture of comfort systems 1916
F5 Manufacture of a small series of control cables and comfort systems 1700

WHI1 Shipping warehouse 1200
WH2 Component warehouse (e.g., spiral terminals, dust covers, grommets, etc.) 400
WH3 Spiral warehouse 60

WH4 Packaging warehouse 685
WHS5 Raw material warehouse (e.g., wire coils, cable coils, PL, etc.) 800
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Currently, all these modules and storage areas are interconnected; none are autonomous. According to the
SLP method, the analysis phase is followed by the research phase and then the selection phase. One solution
for the company is to build a new factory building. The main objective of integrating this new area is to
restructure and organize the current operating method of the processes. Faced with the demand for expansion
of the manufacturing space, it was decided to construct a new building near sector 1 in order to shorten the
distances between production areas to reduce operational costs such as handling and materials movements,
saving, as well the environment from excessive energy consumption and larger level of emissions. This strategy
optimizes the flow of materials between modules and reduces the amount of equipment and labor required for
material transport. As the construction space will be rented, the administration had to comply with the
requirements imposed by the owner. Therefore, the owner outlined some features of the space, but always taking
into account the needs of the company:

e  Gross area of 8000 m?;

e Support area of 2000 m? covering two floors;

e Gross area for production of 6000 m?;

e Internal production area divided into four buildings measuring 25 m x 60 m;

e  Each building is divided by pillars with a span of 5.2 m, totaling 50 pillars;

e  Conveyor belts were placed along the pillars;

e  Two docks located on one of the side facades, requiring an internal corridor of at least three meters; there is
a structure to create a third dock, if necessary;

e  Four crane bridges with transverse movement along each nave.

During the research phase, several layout alternatives were developed, but the company chose to analyze
only three of them. For each alternative, a quantitative analysis of material flows between the different modules
was performed, namely the number of trips performed, and distances traveled, as well as the amount of equipment
to be transported under the proposed alternative. Finally, an analysis was performed to determine which areas
would be available after the layout restructuring.

Alternative 1

This alternative involves the most significant restructuring of the modules and storage areas. The focus of
this alternative was to analyze the impact of material flows, given that the new building will house a completely
autonomous production unit, i.e., it will not need to be supplied by or supply the other modules or warehouse areas.
The changes presented in relation to the current layout, see Figure 3, are as follows:

e  Transfer of the F4 module to the new factory building, also grouping together all the SM lines that were
scattered throughout the other modules;

e  Creation of an autonomous production unit in module F4, integrating all the processes necessary for the
manufacture of comfort systems, as well as storage areas for packaging, raw materials, and finished comfort
systems products;

e  Transfer the F1 module to sector 1 (where the F4 module was located), and close the location where it was
located;

e  Elimination of the spiral warechouse (WH3);

e  Transfer of the raw materials warehouse (WHS) to sector 1, dividing it into two areas, one located in the new
unit and the other in the shipping warehouse (WH1);

e  Subdivision of the shipping warehouse (WH1) into three areas: raw materials, control cable shipping, and
packaging;

e  Transfer of the laboratory located in module F1 to the new building.

After describing the proposed future layout, it is necessary to quantitatively evaluate the same assumptions
mentioned above in the description of the current layout:

e  Types of equipment used for material transport and their respective transport capacities;

e  Amount of material to be transported per day—this calculation was based on the sales budget for the next
three years;

e  Number of trips made per day/Distances traveled per day—there are no specific trips for returning materials
and/or components (pallets, packaging, raw materials). Therefore, it was assumed that all transports are made
with a full load; the values presented are rounded up;

e  Number of logistics suppliers needed;

e  Transport equipment needed.
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Table 3 shows the distances, in meters, between the manufacturing modules and the material storage areas
for the proposed layout.

(b)

Figure 3. Layout alternative 1. Sector 1 (a) and sector 2 (b).

Table 3. Distance matrix, alternative 1 (in meters).

From/To F1 F2 F3 F4 F5 WH1I WH2 WH3 WH4 WHS WHé6 WH7
F1 X X X X X X 90 X X X X X
F2 X X 50 X X X 10 X X X X X
F3 X X X X X X 60 X X X X X
F4 X X X X X X X X X X X 50
F5 X X X X X 1200 X X X X X X

WH1 X X X X X X X X X X X X
WH2 90 10 60 X 1200 90 X X X X X X
WH3 100 X X X 1200 X 90 X X X X X
WH4 X X X X 1200 X 90 X X X X X
WHS5 10 X X 10 X X X X X X X X
WH6 X X X 20 X X X X X X X X
WH?7 X X X X X X X X X X X X

Next, considering the same assumptions and the same analysis structure used for the current situation, the
quantities of material to be transported were evaluated, see Table 4.

Table 4. Pallet quantity matrix, per shift, alternative 1.

From/To F1 F2 F3 F4 FS WH1 WH2 WH3 WH4 WH5 WHe6 WH7
F1 X X X X X X 12 X X X X X
F2 X X 1 X X X 16 X X X X X
F3 X X X X X X 19 X X X X X
F4 X X X X X X X X X X X 88
FS X X X X X 4 X X X X X X

WH1 X X X X X X X X X X X X
WH2 0.2 16 15 X 3 33 X X X X X X
WH3 5 X X X 0.2 X 8 X X X X X
WH4 X X X X 1 X 19.5 X X X X X
WHS X X X 12 X X X X X X X X
WHo6 X X X 15 X X X X X X X X
WH?7 X X X X X X X X X X X X

Considering the new manufacturing areas and maintaining the same number of shifts, 2.5 shifts per day. The
results are shown in Table 5.
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Table 5. Matrix of number of trips per day, alternative 1.

From/To F1 F2 F3 F4 F5 WH1 WH2 WH3 WH4 WH5 WH6 WH7
F1 X X X X X X 30 X X X X X
F2 X X 3 X X X 40 X X X X X
F3 X X X X X X 48 X X X X X
F4 X X X X X X X X X X X 220
F5 X X X X X 1 X X X X X X

WHI X X X X X X X X X X X X
WH2 1 10 10 X 1 21 X X X X X X
WH3 13 X X X 1 X 20 X X X X X
WH4 X X X X 1 X 49 X X X X X
WHS5 X X X 30 X X X X X X X X
WH6 X X X 38 X X X X X X X X
WH7 X X X X X X X X X X X X

Following the previous analysis regarding the total distance traveled, the same calculation was made (Table 6)
for the proposed situation, maintaining the same assumptions.

Table 6. Total distance matrix, alternative 1 (in meters).

From/To F1 F2 F3 F4 F5 WH1 WH2 WH3 WH4 WHS WH6 WH7
F1 X X X X X X 2700 X X X X X
F2 X X 150 X X X 400 X X X X X
F3 X X X X X X 2880 X X X X X
F4 X X X X X X X X X X X 11,000
F5 X X X X X 1200 X X X X X X

WHI1 X X X X X X X X X X X X
WH2 90 100 600 X 1200 1890 X X X X X X
WH3 1300 X X X 1200 X 1800 X X X X X
WH4 X X X X 1200 X 4410 X X X X X
WHS5 X X X 300 X X X X X X X X
WH6 X X X 760 X X X X X X X X
WH7 X X X X X X X X X X X X

In addition to this analysis, this proposal also analyzed the number of equipment transfers required under this
alternative, as well as the areas that became available for the possible integration of new equipment. This
alternative would involve the following equipment transfers:

e  All equipment included in module F4—22 injection machines, 2 heat treatment furnaces, 33 wire cutting and
forming machines;

e  Three wire extruders that will be removed from module F1;

e  Eleven automatic Suspension Mat manufacturing lines that are scattered throughout all modules;

e In addition to these transfers, there is the move from module F1 to the old module F4 building. This
corresponds to the transfer of 67 pieces of equipment.

In this layout proposal, it would be necessary to move 138 pieces of equipment. Next, which areas would be
available after these layout changes were analyzed, Table 7.

Alternative 2

Alternative 2 is based on the concept of unifying the existing plastic injection modules, both in the F4 module
and in the F2 module, Figure 4. This analysis was conducted to study the advantages of unifying this injection
process and separating it from the F2 module assembly lines. This alternative addresses the following layout
restructuring:

e  Transfer of module F4 to the new factory building, also grouping together all SM lines that were scattered
throughout the other modules;

e  Transfer of the injection unit that was integrated into module F2, as well as all equipment that supplied this unit;

e  Transfer of module F1 to sector 1 (where module F4 was located), and closure of the location where it was located;

e  Elimination of the spiral warechouse (WH3);

e  Transfer of some assembly lines from module F5 to module F2 (lines that depend on the plastic injection module);
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e  Return the component warehouse (WH2) to the interior of the F2 module building;
e Integrated, standardized, and centralized mold metalworking in the new building;
e  Transfer the laboratory that was in F1 to the new building.

Table 7. Analysis of areas available for alternative 1.

Module/Warehouse

Available
Area (m?)

Justification

F1

F4

F5

50

500

900

Closure of the building located in sector 2. The module went from an area of
2500 m? to an area of 2000 m?, but it was decided to remove some equipment
from this module that was obsolete, had low production, or was transferred to
other modules (extruders case).

The F4 module was housed in a 2000 m? building, moving to a building with a
production area of 6000 m?, although this area also included production lines of
other products (occupying around 1800 m?, already taking into account the new
equipment—4 lines), 3 extruders (occupying around 80 m?), and a storage area
(1200 m?). The mold workshop was transferred along with the module and
acquired an area of around 180 m?. The remaining areas are distributed between
corridor zones and intermediate product storage areas. The available space is
intended for the integration of new cutting, forming, and heat treatment
equipment, as well as other products’ manufacturing lines.

With the relocation of the raw materials warehouse to sector 1, this entire area
became available to accommodate assembly lines located in modules F2 and
F3, which have a low production volume. With the transfer of these lines, it is
now possible to relocate the components warehouse inside the building.

(b)

Figure 4. Layout alternative 2. Sector 1 (a) and sector 2 (b).

The same analysis that was performed for alternative 1 was then carried out in order to understand the material
flows in this model. First, the distances between the modules were evaluated, Table 8.

Table 8. Distance matrix, alternative 2 (in meters).

From/To F1 F2LM+F5S F3 F2INJ+F4+SM F5 WHI WH2 WH3 WH4
Fl1 X X X 400 1240 X 90 X X
F2 LM + F5 X X X X X X 10 X X
F3 X X X X X X 60 X X
F2INJ+F4+SM X X X X 1630 600 510 X X
F5 X X X X X 1200 X X X
WHI1 X X X X X X X X X
WH2 30 10 60 510 1200 90 X X X
WH3 X X X 600 1200 X 90 X X
WH4 1230 X X 1620 10 X X X X

https://doi.org/10.53941/jmem.2026.100006 9 of 21



Lopes et al. J. Mech. Eng. Manuf- 2026, 2(1), 6

Next, we analyzed the quantities of material to be transferred between the different modules, considering the

same assumptions presented for the initial layout, Table 9.

Table 9. Pallet quantity matrix, per shift, alternative 2.

From/To F1 F2LM+F5 F3 F2INJ+F4+SM FS WH1 WH2 WH3 WH4
F1 X X X 7 2 X 4 X X
F2 LM +F5 X X X X X X 4 X X
F3 X X X X X X 7 X X
F2INJ+F4+SM X X X X 1 88 16 X X
F5 X X X X X 2 X X X
WHI1 X X X X X X X X X
WH2 1 8 11 15 1 11 X X X
WH3 X X X 10 4 X 8 X X
WH4 2 X X 6 1 X X X X

Next, the number of trips per day was calculated, considering the capacity of the equipment and the quantities

of material to be transported, as shown in Table 10.

Table 10. Matrix of number of trips per day, alternative 2.

From/To F1 F2LM+F5 F3 F2INJ+F4+SM F$§S WH1 WH2 WH3 WH4
F1 X X X 18 1 X 10 X X
F2 LM + F5 X X X X X X 10 X X
F3 X X X X X X 18 X X
F2 INJ + F4 + SM X X X X 1 37 7 X X
F5 X X X X X 1 X X X
WHI X X X X X X X X X
WH2 3 5 7 7 1 7 X X X
WH3 X X X 25 1 X 20 X X
WH4 1 X X 2 3 X X X X

After calculating the number of trips to be made per day, the total distances traveled were determined, as

shown in Table 11.

Table 11. Total distance matrix, alternative 2 (in meters).

From/To F1 F2ILM+F5 F3 F2INJ+F4+SM F5 WH1 WH2 WH3 WH4
F1 X X X 7200 1240 X 900 X X
F2 LM + F5 X X X X X X 100 X X
F3 X X X X X X 1080 X X
F2 INJ + F4 + SM X X X X 1630 22,200 3570 X X
F5 X X X X X 1200 X X X
WHI X X X X X X X X X
WH2 90 50 420 3570 1200 630 X X X
WH3 X X X 15,000 1200 X 1800 X X
WH4 1230 X X 3240 30 X X X X

As with alternative 1, we also analyzed the number of equipment transfers required for this alternative, as

well as the areas that became available for the possible integration of new equipment. This alternative would
involve the following equipment transfers:

All equipment included in module F4—22 injection machines, 2 heat treatment furnaces, 33 wire cutting and
forming machines;

Equipment from module F2 associated with the injection process—I18 injection machines; 49 cutting
machines, Zamak injection machines, and subassembly stations;

Two assembly lines located in module F3, which contains the injection process integrated into the line;
Eleven automatic Suspension Mat manufacturing lines scattered throughout all modules;

In addition to these transfers, there is the move from module F1 to the old module F4 building. This
corresponds to the transfer of 70 pieces of equipment.

Given this layout proposal, it would be necessary to move 207 pieces of equipment. Next, the areas that

would be available after these layout changes will be analyzed, Table 12.
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Table 12. Analysis of areas available for alternative 2.

Module/War  Available
ehouse Area (m?)

F3 250

Justification

Transfer of two assembly lines, which integrate the injection process into the line
itself, to the new building.
The F4 module was housed in a 2000 m? building, moving to a building with a
production area of 6000 m?, although this area also included other manufacturing
lines (occupying around 1800 m?, already taking into account the new equipment—
4 lines), injection machines from the F2 module, equipment added to the process
F4 500 (800 m?), and the two assembly lines (250 m?). The mold workshop was transferred
along with the module and acquired an area of approximately 180 m?. The remaining
areas are distributed between corridors and intermediate product storage areas. The
available space is intended for the integration of new cutting and forming
equipment, heat treatment, as well as other manufacturing lines.
With the relocation of the injection module, it was possible to move the component
F2 400 warehouse back inside the building (400 m?), leaving 400 m? available to transfer
lines from the FS module to sector 1.

Alternative 3

This alternative was designed similarly to alternative 2, combining the two plastic injection modules, Figure 5.
In this case, there is no separation between module F2—module injection and F2—assembly lines, and the possibility
of integrating the other existing manufacturing lines into the old module F2 building is being analyzed. This
alternative addresses the following layout restructuring:
o Transfer of the F4 module to the new factory building, with the exception of the Suspension Mat lines;
e Transfer of module F2 to the new factory building;
e  Transfer of the Suspension Mat lines to the old module F2 building;
e  Transfer of module F1 to sector 1 (where module F4 was located), and closure of the site where it was located;
e  Elimination of the spiral warehouse (WH3);
e  Reintegrate the component warehouse (WH2) inside the F2 module building;
e  Transfer the laboratory that was in module F1 to the new building.

(b)

Figure 5. Layout alternative 3. Sector 1 (a) and sector 2 (b).

Similar to the study conducted for alternatives 1 and 2, the same analysis was performed for the distances
between modules, amount of material to be transported, number of trips made, and, consequently, the total
distances traveled between modules per day. These data are described in Tables 13—16.
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Table 13. Distance matrix, alternative 3 (in meters).

From/To F1 SM F3 F2 + F4 F5 WHI1 WH2 WH3 WH4
Fl1 X X X 400 1240 X 90 X X
SM X X X X X X 10 X X
F3 X X X X X X 60 X X

F2 + F4 X X X X 1630 600 510 X X

F5 X X X X X 1200 X X X

WHI1 X X X X X X X X X

WH2 30 10 60 510 1200 90 X X X

WH3 X X X 600 1200 X 90 X X

WH4 1230 X X 1620 10 X 1240 X X
Table 14. Pallet quantity matrix, per shift, alternative 3.

From/To F1 SM F3 F2 + F4 F5 WHI1 WH2 WH3 WH4
F1 X X X 5 2 X 5 X X
SM X X X X X X 32 X X
F3 X X X X X X 7 X X

F2 +F4 X X X X 1 23 1 X X

F5 X X X X X 3 X X X

WHI1 X X X X X X X X X

WH2 1 15 11 8 2 39 X X X

WH3 X X X 8 4 X 10 X X

WH4 2 X X 4 1 X 2 X X
Table 15. Matrix of number of trips per day, alternative 3.

From/To F1 SM F3 F2 + F4 F5 WHI1 WH2 WH3 WH4
F1 X X X 13 1 X 13 X X
SM X X X X X X 80 X X
F3 X X X X X X 18 X X

F2 + F4 X X X X 1 10 1 X X

F5 X X X X X 1 X X X

WHI1 X X X X X X X X X

WH2 3 10 7 4 1 25 X X X

WH3 X X X 20 1 X 25 X X

WH4 1 X X 1 3 X 1 X X
Table 16. Total distance matrix, alternative 3 (in meters).

From/To F1 SM F3 F2 + F4 F5 WHI1 WH2 WH3 WH4
F1 X X X 5200 1240 X 1170 X X
SM X X X X X X 800 X X
F3 X X X X X X 1080 X X

F2 + F4 X X X X 1630 6000 510 X X
F5 X X X X X 1200 X X X
WHI1 X X X X X X X X X
WH2 90 100 420 2040 1200 2250 X X X
WH3 X X X 12,000 1200 X 2250 X X
WH4 1230 X X 1620 30 X 1240 X X

As with alternatives 1 and 2, the number of equipment transfers required for this alternative was analyzed, as
well as the areas that became available for possible integration of new equipment. This alternative would involve
the following equipment transfers:

e  All equipment included in module F4—22 injection machines, 2 heat treatment furnaces, 33 wire cutting and
forming machines;

e All equipment included in module F2—18 injection machines, 49 cutting machines, Zamak injection
machines, and subassembly stations, 22 assembly lines;

e  Two assembly lines located in module F3, which contain the injection process integrated into the lines;

e Eleven automatic Suspension Mat manufacturing lines that are scattered throughout all modules are
transferred to module F2;

https://doi.org/10.53941/jmem.2026.100006 12 of 21



Lopes et al. J. Mech. Eng. Manuf- 2026, 2(1), 6

e In addition to these transfers, there is a change from module F1 to the old module F4 building. This
corresponds to the transfer of 70 pieces of equipment.

Given this layout proposal, it would be necessary to move 229 pieces of equipment. Next, it will be analyzed
which areas would be available after these layout changes, Table 17.

Table 17. Analysis of areas available for alternative 3.

Module/Warehouse Avallablze Justification
Area (m°)
M 250 Transfer of two assembly lines, which integrate the injection process into the line

itself, to the new building.

The F4 module was housed in a 2000 m? building and was moved to a building

with a production area of 6000 m?, which also included the 2500 m? F2 module.
F4 200  The mold metalworking shop was transferred along with the module and

acquired an area of approximately 180 m2. The remaining areas are distributed

between corridors and intermediate product storage areas.

With the relocation of the injection module, it was possible to move the
F2 2000  component warchouse back inside the building (400 m?), leaving 2000 m?

available for transferring the other existing manufacturing lines.

3. Results—Guidelines/Concept Development

Once the research phase, in which possible layout alternatives were developed, is complete, the selection
phase follows. This final phase consists of defining the best layout alternative according to the requirements
imposed by management. To this end, the AHP methodology was used to support the selection of the best option.
The AHP methodology is used as a decision-making tool to solve the problem of factory layout, due to its practical
application. After developing several layout alternatives, the AHP is then applied to provide a multi-criteria
assessment, including qualitative and quantitative aspects. Three criteria were selected to evaluate the best layout
alternative:

e  Maximize flexibility for future expansions—refers to areas that are available for possible acquisitions of new
equipment, taking into account the expected business volume. This criterion in the development of the
method is referred to as “Flexibility”.

e  Minimize material flows—The minimization of flows is related to the distances traveled by materials between
different modules during the manufacturing process and motion equipment options. This criterion in the
development of the method is referred to as “Flow”.

e  Minimize the number of equipment transfers (re-layout)}—determines the impact of layout changes, thus
enabling the necessary investment costs to be assessed. This criterion in the development of the method is
referred to as “Cost”.

In order to facilitate the selection process, a software called R Studio was used, which can streamline all
stages of the calculations. The software develops the following hierarchical structure for this decision-making
process. Figure 6 shows the diagram produced by the software.

Global objective Selecting the best layout

Criteria Flexibility

Alternatives

Figure 6. Defined AHP hierarchy.

The application of degrees of importance summarizes the strategy adopted by the company in the
implementation of a new manufacturing unit. Flow minimization was chosen by management as the criterion with
the greatest impact to consider. The company anticipates that these changes will enable the optimization of existing
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flows, centralizing all production areas in the same sector, reducing distances traveled, as well as the resources
required to transport material between the different manufacturing modules. This will result in improved
productivity, increasing the efficiency and effectiveness of the entire production process. However, regarding the
methodology, different approaches can be chosen depending on the criteria considered by each company.

Maximizing flexibility, although a factor to consider due to the possibility of integrating new projects and
equipment, is the criterion with the least weight compared to minimizing flows and costs, since the new
manufacturing unit was designed considering the turnover forecasts for the coming years and the consequent
acquisitions of new equipment. Therefore, this criterion is not a priority, as the areas necessary for the acquisition
of new equipment have already been considered for the near future. However, it is necessary to have areas available
for possible unforeseen changes that may arise, both in terms of new equipment and layout changes that optimize
the production process.

Another factor is that the company seeks to minimize the costs associated with equipment transfers and
building construction/acquisition, although the main decision criterion is the reduction of flows, as defined by
management. For any company, the most advantageous strategy is always to carry out the work with the lowest
possible investment.

The matrix that describes the degrees of importance applied in the comparison of criteria is represented in
Table 18, that after normalization using AHP procedure as in Section 1.

Table 18. Matrix of relationships between criteria and its normalization weights and CR.

Saaty’s Scale Elicitation Normalized Values
Flexibility Flow Cost Flexibility Flow  Cost Weights CR
Flexibilty 1 1/9 1/2 8.33 8.86 5.88 7.6%
Flow 9 1 7 75 79.75  82.35 79.3% 1.88
Cost 2 1/7 1 16.67 11.39  11.76 13.1%
Total 12 1.253968 8.5 7.69 79.03  13.27 100%

It is necessary to perform a side-by-side comparison matrix between the different alternatives for each
criterion, assigning degrees of importance that are classified on a Saaty’s scale from 1 to 9 referred in Section 1,
see Tables 19-21.

Table 19. Alternatives assessment by criterion Flexibility and normalized values and CR.

Flexibility Al A2 A3 Normalized CR
Value
Al 23.08 21.74 333333 26.05
A2 69.23 65.22 55.55 63.33 3.33%
A3 7.69 13.04 11.11 10.62

Table 20. Alternatives assessment by criterion Flow and normalized values and CR.

Flow Al A2 A3 Normalized CR
Value
Al 74.47 78.95 63.64 72.35
A2 14.89 15.79 27.27 19.32 5.7%
A3 10.64 526 9.09 8.33

Table 21. Alternatives assessment by criterion Cost and normalized values and CR.

Cost Al A2 A3 Normalized CR
Value

Al 65.22 69.23 55.55 6333

A2 21.74 23.08 33.33 26.05 5.7%

A3 13.04 7.69 1111 10.62

Comparison matrices were developed between the alternatives to be entered into the software, letting them
proceed with the calculation of the optimal solution. Once created, these matrices were entered into the software
and calculated using the AHP method with R/ = 0.58 for 3 alternatives [7]. It is possible to see the results obtained
in Table 22.
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Table 22. Results obtained by RStudio software in solving the AHP method.

Select Best Layout Weight Al A2 A3 CR
Result 100% 67.6% 23.6% 8.8% 1.88%
flexibilty 7.6% 26.0% 63.3% 10.6% 3.33%
flow 79.3% 72.4% 19.3% 8.3% 5.7%

cost 13.1% 63.3% 26.0% 10.6% 3.3%

Given these data, it can be concluded, as mentioned above, that the flow minimization criterion has a higher
weight than the other criteria, equivalent to 79.3%. Therefore, the alternative that corresponds to the optimal
solution, with a result of 67.6%, which was subsequently implemented by the company, is alternative 1. By each
criterion, all alternatives assessed have a consistency index lower than 0.1, thus, it can be said, according to Saaty
et al. [7], that the matrix comparisons are not inconsistent and the evaluations are valid. Alternative 1, as it is the
alternative corresponding to the lowest flow as previously calculated, and the flow minimization criterion was
defined as the criterion with the highest weight to be considered, it can be concluded that the results obtained
reflect consistent data.

After evaluating the best layout for the industrial area structure, a relationship diagram was drawn up based
on current data in order to understand the relationships between the different manufacturing processes and facilitate
the development of a layout proposal, see Figure 7. The evaluation scores for the selection criteria are as follows:

1.  Internal flows—represents the movement of material between different production processes;

2. Technical synergies—represents specialized labor resources, namely maintenance technicians, tuners, among
others; Supply Chain—represents resources related to logistics, that is, dedicated to internal and external
transportation of material;

3. Safety—Ensuring that there are no material exchanges, given that the raw material for the manufacture of
cushions and Suspension Mat is the same.

In this preferential interrelationship diagram, the reason for the proximity can also be indicated, usually
represented in numerical form. Based on Figure 7, it is possible to identify which production areas must be located
close to each other and which should be kept apart, preventing potential failures in internal material flow, such as
reference mix-ups. The requirements set by management for layout development considered the dependencies
among processes and machines, thus demanding a rigorous layout criterion to optimize internal flows without
affecting the current operational methodology.

Wire Cutting — Cushion

Wire forming

Wire cutting and forming

Heat treatment '

Plastic over-injection

Wire Cutting - Suspension Mat

. ) . ~12 A :
Wire coating and cutting e S<

./_4.\?...___ :|2/’):"\:|;|3

i
[ ) _ : 1 U~ 1213
Suspension Mat Lines >:< —<
Mold metalworking >./”:|;“-\"' .
v 1

Warehouse ‘\}‘/

Figure 7. Relationship diagram among processes selected for transfer to the new module.

It is important to observe which production areas need to be close to each other and which should be kept
apart in order to prevent possible failures in the internal flow of materials, such as mixing of references. The
requirements imposed by management for the layout design took into account the dependencies between processes
and machines, thus requiring strict layout criteria in order to optimize internal flows without impacting the current
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operating methodology. Some important restrictions were also imposed to make the most of the layout. After this
entire process has been evaluated and all requirements imposed, the proposed layout can be analyzed in Figure 8.

Wire cutting and forming (two separate processes)
@® Wire cutting and forming (two combined processes)

Heat treatment of wire

@ Plastic over-injection of cushions

Mold metalworking

@® Wire coating and cutting

@® Raw Materials Warehouse + Packaging + Finished Product
Suspension Mat assembly lines and wire cutting equipment

PL Supply

Material selection area

Figure 8. Layout of the new manufacturing unit according to the selected alternative.

The internal material flows are described in Figure 9, which contains all the processes necessary to produce
comfort systems, cushions, and suspension mats.

Wire cutting and forming (two separate processes)
® wie cutting and forming (two combined processes)
Heat treatment of wire
® plasic over-injection of cushions

Mold metalworking

Wire coating and cutting

Raw Materials Warehouse + Packaging + Finished

Product

Suspension Mat assembly lines and wire cutting
equipment
PL Supply

Material selection area

244

Figure 9. Internal flow diagram for the layout of the new manufacturing unit.

This layout of the equipment allows for improved internal flows, as all intermediate processes are close to
the end customer. Although the storage space is not close to all processes, it is close to the dock, which facilitates
the loading and unloading of materials, which can be transported internally by a logistics train. This space is
reduced for the preparation of loads. Due to the high number of items of this type of product to be shipped each
day, a warechouse area was integrated to relieve the flow of material from the shipping warehouse and thus reduce
movement between modules. In addition to this warechouse area dedicated to finished products, it was decided to
integrate a raw material and packaging warehouse area that supplies the module into this same area. For this flow,
a storage space of five racks with three levels of height was considered, with 3.7 m between racks, which is
equivalent to three pallets with two levels per zone. Each space contains eight zones, meaning that the storage
space can hold up to 720 pallets. Regarding the raw material that supplies this module, with this layout arrangement
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it will be stored inside it, i.e., the wire that supplies the wire cutting and forming process, as well as the wire that
supplies the wire coating machines that were moved from module F1, is stored in the module. Three racks are
reserved for this material, which can hold approximately 234 pallets of material. Figure 10 shows the final layout
of the equipment and the relationships between them, according to the existing designs. In the diagrams, each color
corresponds to a different design.

:I e ;}SJ = V% '_‘-"; %
Z[_C'ﬁ‘jk - R 1=

Figure 10. Diagram showing the relationships between equipment by project for the manufacture of cushions (1)
and SM (2).

Once the decision had been made on the appropriate factory layout, the next step was to implement these
solutions. A plan was then drawn up for the transfer of equipment, and a checklist was created to involve all the
teams concerned in the transfer, informing them of the transfer plan, with each manager assessing whether the
necessary conditions were in place for the transfer to take place. After defining the planning method, a schedule
was drawn up to begin transferring the equipment. To draw up the schedule, it was necessary to define the priorities
in the transfer process and meet with all stakeholders to determine the estimated time for each transfer.

After defining the layout of the new building, it is necessary to assess the economic impact resulting from
the implementation of the new manufacturing unit. As the building was constructed on leased land, most of the
investment costs were borne by the landowner, as was the definition of the building’s structure. However, in
addition to the costs of constructing the building’s front, there were other installation costs that were borne by the
company. It can be concluded that the company had a strategy to minimize costs, managing to reduce them by
10% compared to the estimated amount. To estimate the cost of transportation, it was evaluated the relationship
between each piece of equipment to be transported and the need for specialized labor, maintenance, and rental of
equipment to support the transfer. It should be noted that for the cost of specialized labor, a value of 20 cost
units/hour was considered, with a maximum of 8 h per day. For the cost of equipment rental, a cost of 30 cost
units/hour was considered, and for each maintenance intervention by an external supplier, a value of 250 cost
units/maintenance was estimated. In addition to the costs of transferring equipment, the costs of transferring
warehouse areas were also considered. It was concluded that the investment associated with the transfer of
equipment was approximately 41,160 cost units.

The adopted solution is strongly aligned with Lean principles of cutting waste and avoiding unnecessary
logistics operations by studying how to shorten necessary trips between workstations. This contributes to economic
sustainability by reducing time and, consequently, costs. It also contributes to environmental sustainability, as
fewer trips lead to lower energy consumption and less pollution (when using gas-powered forklifts or Mizusumachi
system. Implicitly, spaghetti diagrams were also drawn, which resulted in the aforementioned distance maps.

Some warehouses were closed, and others were installed, and it is important to analyze the economic impact
on rents with the changes made. Table 23 shows the values of before and after. It should be noted that not all rents
were evaluated, only those of the buildings involved in these changes were effectively considered.
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Table 23. Costs associated with building rents.

Building Current Income Future Income
(cost unit/month) (cost unit/month)
F1 Module 5700 -

New Building - 27,200
External warehouse 1 1800 -
External warehouse 2 1200 -
External warehouse 3 1000 1000

Total 9700 28,200

With the proposed changes, rents would be 28,200 cost units, as the rental value of the new building has a
significant impact, but at the same time, with the reduction in the number of storage spaces, there was a monthly
reduction in rent costs of 8700 cost units, as two external warehouses and the F1 module warehouse were reduced.

The current and proposed layouts were developed to analyze possible flow optimizations that could arise
with the implementation of the new factory building and restructuring of existing areas. With the data already
obtained, it is possible to assess the economic impact in relation to material flows. However, as distances have
been reduced, the impact of the amount of transport equipment to be used and the change in their type was assessed.
Currently, all equipment is rented from an external supplier. As such, this assessment presents a favorable
economic impact for the company. This reduction in distances also impacts the number of skilled laborers required,
i.e., with the reduction in distances to be traveled, it is possible to optimize the number of workers needed, as each
supervisor will be able to transport more material. Table 24 shows the total costs associated with the material flow
for the current layout and the costs associated with the material flows for the selected layout.

Table 24. Total costs associated with material flow for the current layout.

Cost per Equipment .
RIeJ::i(:_l; d Person/Month qul\llio[;l(l’)lin ¢ Cost/Month TOtalln(OIi:tI;lt)s per
(Units per month) (Units/month)
Current layout 28 33,600 29 7600 41,200
Future Layout 21 25,200 25 6200 31,400
Gains 7 8400 4 1400 9800

In summary, analyzing the data obtained, material handling costs were reduced by approximately 23%,
corresponding to a gain of 117,600 cost units/year.

4. Discussion—Validation of the Concept through a Case Study

To support and contextualize the results achieved in this study, it is important to compare them with similar
situations already documented in the literature. A notable example is the study conducted by Qamar et al. [11],
which investigated layout optimization in a passenger car factory in Jordan. In this study, five layout options were
created using SLP, based on material flows, proximity between sectors, and physical constraints of the existing
facility. The best option was chosen using the AHP, considering factors such as the total distance traveled by
materials, the effective use of available space, and the functional interactions between production sectors. The
research findings showed significant advances. The layout option considered ideal resulted in a notable decrease
in the distance that materials need to travel, resulting in lower logistics costs and increased production efficiency.
The robustness of the decision-making process was enhanced by calculating the AHP consistency matrix, which
showed a maximum CR value of only 5.7%, well below the maximum limit CR of 10% indicated in the literature,
ensuring the reliability and consistency of the assessments made. In addition, the authors demonstrated that the
combination of the two methodologies (SLP + AHP) not only improved the performance indicators of the industrial
plant but also provided a systematic tool that assists industrial managers in highly complex situations. The
relevance of this example to the current work is evident. As in the study conducted in Jordan, the methodology
used here combines SLP with AHP, focusing on the definition and choice of factory layout. However, there are
important differences that highlight the uniqueness of this study. While Qamar et al. [11] focused on reconfiguring
an existing facility, this case deals with the creation of a new manufacturing unit from scratch. This differentiation
is crucial, as decisions made at this stage have a long-term impact on aspects such as costs, flexibility, and
sustainability of the operation.

When examining the two scenarios, it can be observed that the benefits mentioned in the research by Qamar
et al. [11], such as reduced distances and more effective use of space, serve as a relevant parameter for measuring
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the goals expected to be achieved in the solution developed in this work. Thus, while significant reductions in
logistics indicators were observed in the Jordanian context, this study seeks to determine whether these benefits
can be replicated or even expanded when the methodology is applied from the outset of a facility. In this context,
comparative analysis will help to recognize not only similarities (in the effectiveness of the methodologies) but
also differences (in the numerical results) resulting from the varying characteristics of industrial environments.
Another relevant point of comparison is the consistency index of the AHP. The value of 6.918% obtained by
Qamar et al. [11] serves as a direct reference for the present work, in which it was aimed to ensure that the process
of assigning weights and criteria is robust and consistent. In addition to these indicators, the authors also found
notable improvements in terms of productivity and operational efficiency—for example, increases of up to 88%
in productivity were reported in areas originally affected by bottlenecks and overlapping flows.

Thus, the ensuing debate demonstrates that the research by Qamar et al. [11] serves as an appropriate
international standard for the present study. By comparing the results, it will be possible to strengthen the scientific
and practical credibility of the model created, in addition to emphasizing its usefulness in new scenarios of factory
expansion. Ultimately, this comparative analysis helps to prove that the combination of SLP and AHP not only
effectively addresses the challenges of reorganization in established factories but also proves to be an effective
tool for guiding planning from the ground up for new production units.

Another relevant example can be found in the work of Antoniolli et al. [19], who studied the optimization of
an automotive component production line in Portugal. In this case, the application of Lean tools and work
standardization was decisive in improving the overall efficiency of the system. The reorganization of the layout,
combined with the standardization of procedures, resulted in a significant increase in OEE, which rose from 70%
to 86%, as well as a reduction in waste associated with irregular cycles and unnecessary movements. The similarity
with the present study lies in the emphasis placed on the use of structured methodologies to optimize production
performance in the automotive context. The main difference, however, lies in the starting point: while Antoniolli
et al. [19] intervened in an existing line, the current work deals with the design of a new manufacturing unit from
scratch, requiring more comprehensive decisions with long-term impact.

In addition, it is worth highlighting the research conducted by D’Antonio et al. [23], who proposed a
mathematical model for optimizing hybrid product-process layouts, applied to practical cases in the automotive
industry. The study demonstrated the feasibility of generating, in a few seconds, optimized layout proposals that
reconcile the minimization of internal distances with the maximization of the use of available resources. The
relevance of this comparison to the present work is evident: both studies deal with highly complex and demanding
industrial environments, where layout definition plays a strategic role. However, while the model D’ Antonio et al.
[23] favors a mathematical approach to solving combinatorial layout problems, the present study adopts an
integrated SLP + AHP methodology, which allows qualitative criteria such as flexibility, safety, and sustainability
to be included in the decision-making process.

5. Conclusions

This work successfully demonstrated the effectiveness of combining Lean practices, Systematic Layout
Planning (SLP) and the Analytic Hierarchy Process (AHP) for the initial planning of a new industrial plant within
the automotive industry. This integrated approach allowed for a comprehensive evaluation of various layout
options, considering both qualitative and quantitative aspects crucial for optimizing production processes, and
using Lean principles, trying to reduce waste of time and costs, increasing the economic and environmental
sustainability. The use of AHP as a decision-making tool facilitated the selection of the best alternative by
providing a multi-criteria assessment based on management requirements. Three key criteria were established for
evaluating layout alternatives: maximizing flexibility for future expansions, minimizing material flows, and
minimizing the number of equipment transfers (re-layout), namely costs. Among these, minimizing material flows
was identified as the criterion with the highest weight (79.3%), reflecting its significant impact on operational
efficiency, which also matches with the environmental sustainability required, reducing energy consumption and
emissions. The chosen layout, Alternative 1, achieved a 67.6% optimal solution, primarily due to its alignment
with the flow minimization objective, which is in line with the waste reduction, as well as economic and
environmental sustainability needs. The consistency of the AHP matrices, with consistency indices below 0.1,
validated the reliability of the evaluations.

The implemented new layout led to substantial improvements in operational efficiency and significant cost
reductions. Specifically, the chosen solution resulted in an approximate 23%, corresponding to a gain of 117,600
cost units/year. The reduction in the distances traveled by material flows translates to shorter handling times and
reduced logistical issues, contributing by this way to better economic and environmental sustainability.
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Furthermore, the centralization of processes and more efficient use of available space contributed to a notable
reduction in costs related to leased areas, resulting in lower logistics costs and increased production efficiency,
contributing to wasted time reduction, as well as economic and environmental sustainability. The use of
rationalization strategies during implementation also resulted in a 10% reduction in the initially projected
investment, thereby confirming the financial viability of the project.

Beyond the immediate economical and structural advantages, the developed layout provides a more adaptable
arrangement that supports future expansion. This flexibility is particularly important in the rapidly evolving
automotive sector, allowing for the integration of new projects and equipment.

The study’s findings align with previous research, such as the study by Qamar et al. [11], and validates the
effectiveness of the strategy used demonstrating that the SLP + AHP combination, when properly supported by
Lean principles, is an efficient resource for complex industrial decisions. However, the current study differentiated
from that one particularly by the addition of Lean principles to increase economic and environmental sustainability
in the context of new manufacturing unit planning, addressing a gap in existing literature.

This research not only delivered tangible advancements for the company by optimizing its new manufacturing
unit’s layout but also reinforced the scientific foundation for using SLP and AHP, previously supported by Lean
principles focused on increasing economic and environmental sustainability, as a robust, reliable, and financially
sound strategy for factory planning in the automotive industry. The methodology’s success in achieving significant
reductions in material handling costs and reducing energy consumption and emissions by using Lean principles,
optimizing space utilization, and ensuring adaptability positions, is a valuable model for future industrial facilities
implementations, enhancing competitiveness and promoting efficient production resource management.
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