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Abstract

The textile sector, particularly small and medium-sized enterprises (SMEs), plays a pivotal role in the economy by
generating employment and fostering innovation. However, these enterprises face significant challenges, including
production inefficiencies and quality control issues. Previous research has explored the application of Lean
Manufacturing methodologies to address these challenges, yet there remains a gap in the literature regarding
comprehensive models tailored specifically for textile SMEs. This study aimed to fill this gap by proposing a Lean
Synergy Production Model integrating Change Management, 5S, Methods-Time Measurement (MTM), and Line
Balancing. The textile sector faces urgent challenges such as high defect rates, excessive cycle times, and low
productivity. These issues stem from inadequate production methods and poor workplace organization, resulting in
increased costs and reduced competitiveness. The proposed model addresses these challenges by streamlining
processes and enhancing operational efficiency. The model implementation involved training employees, reorganizing
the workspace, optimizing task allocation, and balancing production lines. Key results from the six-month pilot
implementation included a 65.67% reduction in delivery delays, a 23.08% decrease in defective products, and a
27.27% reduction in reprocessing rates. Productivity increased by 84.62%, and cycle time was reduced by 25%. These
outcomes demonstrate the model's effectiveness in improving production efficiency and quality in textile SMEs. The
study's impact extends beyond operational improvements, contributing to academic literature by providing a validated
model for Lean implementation in SMEs. Socioeconomically, the enhanced efficiency and quality can lead to
increased competitiveness and market share for textile SMEs, fostering sustainable economic growth. Future research
should explore the model's adaptability to other sectors and its long-term sustainability. This study calls on researchers
and industry practitioners to further investigate and refine Lean methodologies to support the continuous improvement
of SMEs globally.
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1. Introduction

The textile industry, particularly the segment comprising small and medium-sized enterprises (SMEs), plays a vital
role in the global economy, contributing significantly to employment, trade, and innovation (Hoque et al., 2020). In
Latin America, the textile sector holds a prominent position, serving as a key driver of economic activity and
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employment generation (Fernandez-Stark et al., 2022). In Peru, specifically, the textile industry is a crucial component
of the country's economy, with a rich heritage of textile production and a growing presence in international markets
(Fernandez-Stark et al., 2022). The SMEs within the textile sector in these regions form the backbone of the industry,
showcasing resilience and adaptability in the face of various challenges.

Challenges in production processes within SMEs in the textile sector are prevalent, with issues such as delays in
delivery times stemming from excessive unproductive periods in the manufacturing line (Caballero-Morales, 2023).
These delays often lead to a high rate of defective products, attributed to inefficient work methods, inadequate
workstations, and suboptimal workspace utilization (Caballero-Morales, 2023). Such challenges not only impact the
operational efficiency of these enterprises but also affect their competitiveness in the market, hindering growth and
sustainability (Caballero-Morales, 2023). Addressing these production-related problems is crucial for the long-term
success and viability of SMEs in the textile industry.

Resolving the production challenges faced by SMEs in the textile sector is of paramount importance for various
reasons. Firstly, enhancing production efficiency and reducing defects can lead to cost savings, improved product
quality, and increased customer satisfaction (Hoque et al., 2020). By streamlining processes and optimizing
workflows, these enterprises can enhance their competitiveness, both locally and globally, contributing to the overall
growth of the textile industry (Hoque et al., 2020). Moreover, efficient production processes can enable SMEs to meet
changing market demands swiftly and effectively, fostering agility and adaptability in a dynamic business environment
(Hoque et al., 2020). Therefore, addressing production inefficiencies is not only beneficial for individual SMEs but
also for the sector as a whole, driving innovation and sustainable growth.

Despite the significance of addressing production challenges in SMEs within the textile sector, there exists a notable
gap in the existing literature regarding comprehensive solutions that integrate methodologies such as 5S, Methods-
time Measurement (MTM), Line Balancing, and Change Management (Caballero-Morales, 2023). These
methodologies, rooted in Lean Manufacturing principles, offer a structured approach to enhancing productivity,
optimizing resources, and fostering a culture of continuous improvement within organizations (Caballero-Morales,
2023). By developing a model that incorporates these tools tailored to the specific needs of SMEs in the textile
industry, this research aims to bridge the existing knowledge gap and provide practical insights for improving
production processes in this critical sector.

2. Literature Review

2.1 Application of Lean Manufacturing in Textile SMEs

The Lean Manufacturing methodology has been extensively studied in small and medium textile enterprises, with
research focusing on critical success factors for its implementation. The Analytic Hierarchy Process (AHP) has been
utilized to evaluate these critical factors, leading to the identification of key areas that textile SMEs should address for
successful Lean implementation (Belhadi et al., 2019). Initially, Lean implementation in the textile industry was
primarily focused on high-volume and relatively standardized products, indicating specific challenges in this sector
(Robertsone et al., 2021). Studies have shown that collaborating with suppliers can significantly impact company
performance through Lean manufacturing and inventory control, underscoring the importance of external relationships
in Lean implementation in textile SMEs (Riofiandi & Tarigan, 2022). Lastly, it has been evidenced that enhancing
both employee and workplace performance in textile companies can be achieved through Lean Manufacturing
practices, emphasizing the relevance of this methodology for process optimization in this specific sector (Hatif, 2024).

2.2 Application of the SS Methodology in Textile SMEs

In the realm of small and medium textile enterprises, research has explored the application of the 5S methodology as
part of continuous improvement efforts. Studies have demonstrated that implementing 5S can notably contribute to
reducing production cycle times in garment companies, suggesting its effectiveness in process optimization within the
textile sector (Ramirez-Milla, 2023). Furthermore, it has been observed that standardization, a key phase of 5S, can
play a crucial role in reducing order non-fulfillment in garment SMEs, highlighting the significance of this
methodology in addressing specific challenges in textile production management (Campoblanco-Carhuachin et al.,
2022). Additionally, effective management of Lean Manufacturing practices can positively impact operational and
business performance in the food industry, indicating that implementing 5S can be a key component for improvements
in textile enterprises (Silva & Warnapura, 2021). Lastly, it has been emphasized that organizational culture and people
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management practices can influence the successful adoption of Lean Manufacturing, underscoring the importance of
considering human aspects in methodologies like 5S in textile SMEs (Trentin & Tontini, 2022).

2.3 Application of Line Balancing in Textile SMEs

Within small and medium textile enterprises, the application of Line Balancing has been explored as a methodology
to optimize task and resource distribution in production processes. Studies have shown that implementing a production
model based on Lean Manufacturing and Total Productive Maintenance (TPM) can enhance efficiency in textile
companies, suggesting that Line Balancing can contribute to improving productivity and operational effectiveness in
such organizations (Zamora, 2023). Furthermore, the implementation of Lean Manufacturing tools alongside Material
Requirements Planning (MRP) can increase order fulfillment rates in the textile dyeing sector, emphasizing the
importance of comprehensive approaches to enhancing efficiency in textile enterprises ("Production Model to Increase
the Rate of Order Fulfillment through the Implementation of Lean and MRP Tools in Dyeing in the Textile Sector",
2022). Additionally, Lean practices have been found to positively impact operational and business performance in the
food industry, indicating that Line Balancing implementation can be a key factor in driving improvements in textile
SMEs (Silva & Warnapura, 2021). Lastly, the successful implementation of Lean Manufacturing can enhance
operational efficiency by eliminating non-value-added activities, highlighting the relevance of Line Balancing for
process optimization in textile companies (Anbessia, 2024).

2.4 Application of Change Management in Textile SMEs

In the context of small and medium textile enterprises, research has delved into the application of Change Management
methodology as part of efforts to implement process improvements. Studies have shown that developing a Lean
Enterprise implementation methodology based on an Interpretive Structural Modeling (ISM) approach can facilitate
the adoption of Lean practices across industries, indicating the fundamental role of Change Management in ensuring
a successful transition to a more efficient production model in textile SMEs (Jasti & Kota, 2020). Moreover,
optimizing industrial performance through Lean 4.0 can create valuable synergies across industries, underscoring the
importance of holistic approaches to implementing changes in textile companies (Anbessia, 2024). Additionally,
implementing sustainable practices in the textile industry can positively impact operational, economic, and social
performance, suggesting that Change Management is crucial for promoting the adoption of more responsible
approaches in textile SMEs (Muhardi et al., 2020). Lastly, collaboration with suppliers can influence business
performance through Lean manufacturing and inventory control, emphasizing the significance of considering external
relationships in the context of Change Management in textile enterprises (Riofiandi & Tarigan, 2022).

2.5 Application of Methods-Time Measurement in Textile SMEs

In the context of small and medium textile enterprises, the application of Methods-Time Measurement methodology
has been explored as a tool to analyze and enhance efficiency in production processes. Studies have indicated that
implementing Lean practices in SMEs can lead to significant benefits in terms of productivity and operational
effectiveness, highlighting the fundamental role of Methods-Time Measurement in identifying areas for improvement
and optimization in textile production (Seneviratne et al., 2021). Furthermore, applying Lean concepts across various
sectors, including the textile industry, has proven effective in reducing setup time, maintaining continuous flow, and
conducting preventive maintenance, underscoring the importance of comprehensive approaches to enhancing
efficiency in textile enterprises (Naeem et al., 2021). Additionally, Lean practice implementation in SMEs can
positively impact operational performance, with a focus on reducing setup time, indicating that Methods-Time
Measurement can be a valuable tool for achieving tangible improvements in production processes in the textile sector
(Naeem et al., 2021). Lastly, the application of Lean Manufacturing in textile companies can contribute to reducing
production cycle times, highlighting the importance of time-based and efficiency-driven approaches to optimizing
production in textile SMEs (Ramirez-Milla, 2023).

3. Methods

3.1 Basis of the Proposed Model

Figure 1 illustrates the "Lean Synergy Production Model," which integrated Change Management, 5S Methodology,
MTM (Methods-Time Measurement), and Line Balancing. This model was based on the Lean Manufacturing
philosophy, whose main objective was to eliminate waste and improve operational efficiency in production processes.
The integration of these tools allowed for a comprehensive transformation in production management. Change
Management facilitated organizational adaptation to new methodologies and practices, ensuring an effective and
sustainable transition. The 5S Methodology focused on the organization and standardization of the workspace,
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enhancing the work environment and reducing downtime. MTM was used to establish precise standard times,
optimizing task allocation and improving productivity. Line Balancing aimed to evenly distribute work along the
production line, minimizing bottlenecks and improving workflow. The objective of the model was to implement an
efficient and adaptable production system capable of responding to market demands with high levels of quality and
operational efficiency, promoting continuous improvement and standardization across all production processes.

Lean Synergy Production Model

5S Line

balancing

Methodology

ca:

C1: Production Method Conditioning [Jj !MmProvement of cs3:

Standardization

the production
method

Figure 1. Proposed Model

3.2 Description of the model components

Change Management: Facilitating Organizational Adaptation

The initial component of the Lean Synergy Production Model was Change Management, which played a crucial role
in facilitating organizational adaptation to new methodologies and practices. This stage involved a structured approach
to transitioning individuals, teams, and the entire organization from a current state to a desired future state. The aim
was to help employees understand, commit to, and embrace changes in their work environment. Change Management
activities included training sessions, workshops, and continuous communication to ensure that all stakeholders were
aligned with the new processes and could contribute effectively to the transition. According to Kotter (1996), effective
change management is essential for implementing and sustaining improvements, as it helps to overcome resistance
and builds momentum for change. The application of change management ensured a smooth implementation of Lean
tools, reducing resistance and fostering a culture of continuous improvement within the organization (Kotter, 1996).

58 Methodology: Enhancing Workplace Organization

The second stage of the model was the implementation of the 5S Methodology, which focused on enhancing workplace
organization and standardization. The 5S Methodology consists of five steps: Sort (Seiri), Set in order (Seiton), Shine
(Seiso), Standardize (Seiketsu), and Sustain (Shitsuke). Each step aimed to create a more efficient, safe, and productive
work environment by systematically organizing the workspace and establishing clear procedures. The Sort phase
involved identifying and eliminating unnecessary items from the workspace to reduce clutter and improve focus. Set
in order arranged necessary items in an orderly manner to facilitate easy access and prevent waste of time searching
for tools or materials. Shine maintained cleanliness in the workplace to ensure a safe and pleasant working
environment. Standardize established standardized practices and procedures to maintain the improvements achieved
in the previous steps. Finally, Sustain encouraged continuous adherence to the established standards and practices
through regular audits and employee engagement. According to Hirano (1995), the 5S Methodology not only improves
operational efficiency but also enhances employee morale and safety by creating a well-organized and clean working
environment (Hirano, 1995).

MTM (Methods-Time Measurement): Optimizing Task Allocation

The third component of the Lean Synergy Production Model was Methods-Time Measurement (MTM), which focused
on optimizing task allocation and improving productivity. MTM is a predetermined motion time system that analyzes
work methods and establishes standard times for performing specific tasks. This system helped in identifying and
eliminating unnecessary motions, thereby reducing the overall time required to complete tasks. By setting accurate
standard times, MTM facilitated better planning and scheduling of work, ensuring that resources were used efficiently.
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The application of MTM provided a scientific basis for labor standards, helping to balance workloads and improve
workforce productivity. As Niebel and Freivalds (2003) stated, MTM helps in developing efficient work methods and
establishing realistic performance standards, which are critical for achieving high levels of productivity and
operational efficiency (Niebel & Freivalds, 2003).

Line Balancing: Minimizing Bottlenecks and Improving Workflow

The final component of the model was Line Balancing, which aimed to minimize bottlenecks and improve workflow
by evenly distributing work along the production line. Line Balancing involved analyzing the production process to
identify imbalances in the workload across different workstations. Once identified, tasks were redistributed to ensure
that each workstation had an equal amount of work, preventing delays and reducing idle time. This stage was crucial
for maximizing the use of resources and ensuring a smooth and continuous flow of production. Line Balancing also
contributed to reducing lead times and increasing the overall efficiency of the production process. According to
Groover (2007), effective line balancing is essential for achieving high productivity and reducing the cycle time of
manufacturing processes (Groover, 2007).

Integrating the Components: Achieving Synergy

The integration of these four components—Change Management, 5S Methodology, MTM, and Line Balancing—
created a synergistic effect that enhanced the overall effectiveness of the production system. Change Management
ensured that the organization was prepared and willing to adopt new practices, while the 5S Methodology laid the
foundation for an organized and efficient workplace. MTM provided the necessary tools for optimizing task allocation,
and Line Balancing ensured that the workflow was smooth and continuous. Together, these components addressed the
intertwined issues of downtime, inventory management, and process efficiency, resulting in a comprehensive and
robust production system.

The primary objective of the Lean Synergy Production Model was to implement an efficient and adaptable production
system capable of responding to market demands with high levels of quality and operational efficiency. By promoting
continuous improvement and standardization across all production processes, the model aimed to create a sustainable
competitive advantage for the organization. The implementation of this model demonstrated the practical application
of Lean Manufacturing principles, highlighting the importance of integrating various Lean tools to achieve significant
improvements in production performance.

The Lean Synergy production model filled a thematic gap in literature by providing a holistic approach that combined
multiple Lean tools to optimize delivery times in the textile industry. Previous studies often focused on isolated lean
tools, but this research demonstrated the synergistic effects of integrating 5S, MTM and Line Balancing. This
comprehensive approach provided a solid framework for addressing the challenges of downtime, inventory
management and process efficiency, offering a practical solution to improve service delivery and customer satisfaction
in the textile industry.

3.3 Model Indicators

To assess the effectiveness of the proposed production model, specific metrics were defined. These metrics were
developed to systematically track, monitor, and manage the results associated with the model. This approach provided
a thorough evaluation of the model’s performance and efficiency within the context of the case study.

Rate of Delay in Delivery of Goods measures the percentage of deliveries that were late out of the total scheduled
deliveries. This indicator is essential for assessing the efficiency and timeliness of the logistics and distribution
process.

Number of delayed deliveries (1)
Rate of Delay = Total deliveries x 100

Rate of Defective Products measures the percentage of defective items out of the total produced. It indicates the
quality level of the production process, with a lower rate signifying higher quality.

2
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i Number of Defective Products
Rate of Defective Products = x 100
Total number of products produced

Reprocessing Rate measures the percentage of products that require reprocessing due to defects or non-
conformities. It is crucial for assessing production quality and efficiency.

Number of Reprocessed Products 9
Total number of Processed Products

100 @

Reprocessing rate =

Productivity measures the percentage of products that require reprocessing due to defects or non-conformities. It is
crucial for assessing production quality and efficiency.

Output 4

Productivity = Input

Cycle time measures the total time taken to produce one unit from start to finish, including all processing and
waiting times. It is a key indicator of production efficiency.

Total Production Time %)
Number of Units Produced

Cycle Time =

4. Validation

4.1 Initial Diagnosis

Figure 2 shows the problem tree that represents the summary of the diagnosis conducted in the case study to identify
the reasons and root causes generating the research problem. The main problem identified was the delay in delivery
times, which had a significant economic impact of 25,564 PEN per year, equivalent to 13.34% of revenue. This
problem was due to a technical gap between the industry standard, with a delivery time of 2 days, and the case study,
with a delivery time of 5 days.

The first-level causes included unproductive excess time (52.80%) and a high rate of defective products (28.85%).
Within the unproductive excess time, the second-level root causes identified were the poor method of production
(24.40%), poor use of the work area (19.48%), and poor conditioning of the area (8.92%). Regarding the rate of
defective products, it was found that poor working station conditions (8.26%) were a significant root cause. Other
factors contributed 18.35% to the identified problem. This analysis provided a deep understanding of the underlying
causes of the problem, facilitating the formulation of specific strategies to improve delivery times and operational
efficiency in the context of the study.
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Figure 2. Problem Tree

4.2 Implementation of the model in the case study

The proposed production model to reduce order delivery times in a small textile company was based on a holistic
approach that incorporated various engineering and change management techniques. This model was designed to
address specific problems of efficiency and productivity in the company, ensuring the active participation of all
employees in the selected area. The eleven steps of the model are described in detail below, each with their respective
justification and quantitative data.

Step 1: Creating a Sense of Urgency

The first step was to generate a sense of urgency among partners, stressing the importance of improving current
processes. Senior management presented employees with a historical sales analysis that showed a 15% decrease over
the past two years, underlining the immediate need for changes to avoid further losses. This step was crucial in
motivating all levels of the organization to engage with the improvement process.

Step 2: Form a Governing Coalition

A leadership team, known as the governing coalition, was formed, consisting of five key leaders from different
departments. This team was responsible for guiding and overseeing the entire process of change. The coalition met
weekly to assess progress and adjust strategies, ensuring effective implementation of the model.

Step 3: Develop a Vision and Strategy

A clear vision for the future of the company was created, focused on achieving a 5-day delivery time, reducing current
times by 40%. The strategy included the implementation of lean manufacturing and work study tools, as well as
ongoing staff training.
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Step 4: Communicating the Vision of Change

The vision and strategy developed were communicated to all partners through meetings and newsletters. Three training
sessions were held that involved more than 50 employees, explaining the benefits of the new model and how it would
contribute to improving their daily tasks.

Step 5: Empowering Employees for Action

Barriers preventing employees from acting, such as lack of resources and training, were removed. $10,000 was
invested in new equipment and 10 Lean training workshops were held, allowing workers to identify and solve
problems autonomously.

Step 6: Generate Short-Term Wins

To maintain the momentum for change, short-term goals were set, and achievements were welcomed. For example,
in the first three months, a 20% reduction in waiting times in the production area was achieved, which was celebrated
with a 5% bonus for the employees involved.

Step 7: Consolidate Wins and Produce More Changes

It was built on initial successes to implement additional changes in other areas of the company. For example, after
reducing waiting times, they focused on reducing production defects, achieving a 15% reduction in six months. This
incremental approach enabled more effective and sustainable adoption of new practices.

Step 8: Anchoring New Approaches to Organizational Culture

To ensure the sustainability of change, new approaches and practices were integrated into the organizational culture.
Operational manuals were reviewed and adjusted, and a reward system based on performance and adherence to new
processes was established.

Step 9: Applying Specific Tools

Specific tools such as Line Balance and MTM (Methods-Time Measurement) were implemented. This step made it
possible to identify weak points and resolve them efficiently. For example, the implementation of Line Balance
reduced cycle time from 26.8 minutes to 20.1 minutes, significantly improving productivity (Figure 3).

|
|
|
|

Maquina
recta 1

Remalle
cierre 1

Remallado

Recubridora
1

Planchado Empaquetado

Remalle
bolsillo 1

Maquina

Figure 3. New sequence that will present the process

Step 10: Expanding Results

The results obtained were expanded to other company processes. The results of the original implementation were
compared with the new processes to identify areas for continuous improvement. This expansion allowed reducing
unproductive times by 52.8% and product defects by 6%.

Step 11: Comparison of Results

Finally, a comparison of the results was made with the original application of the model. Key indicators showed a
notable improvement: productivity increased from 13 to 24 garments per day, cycle time was reduced from 26.8 to
20.1 minutes, and company profits increased by 10%.
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5. Results

Table 1 shows the results of the validation of the proposed model to improve processes in a small textile company.
The validation was carried out through a six-month pilot in which the model was implemented to evaluate its
effectiveness. Key indicators compared before and after model implementation include the rate of delay in delivery of
goods, the rate of defective products, the rate of reprocessing, productivity and cycle time. At present, the rate of delay
in the delivery of goods was 67 per cent, while the goal was to reduce it to 15 per cent. The results showed a decrease
to 23%, achieving a negative variation of 65.67%, although the target of 15% was not reached. The rate of defective
products was reduced from 26% to 20%, meeting the established target and achieving a decrease of 23.08%. The
reprocessing rate decreased from 22 to 16 per cent, with a negative variation of 27.27 per cent, also meeting the
proposed target. Productivity increased from 13 units per day to 24 units per day, exceeding the target of 20 units and
achieving an increase of 84.62%. The cycle time was reduced from 26.8 minutes to 20.1 minutes, exceeding the target
of 23 minutes and achieving a negative variation of 25%. These results demonstrate the effectiveness of the model in
improving the efficiency and quality of production processes in the company, highlighting significant reductions in
delivery delay rates, defective products and reprocessing, as well as a considerable increase in productivity and a
reduction in cycle time.

Table 1. Results of validation of the proposed model

Indicator As-Is To-Be Results Variation (%)
Rate of Delay in delivery of goods 67% 15% 23% -65.67%
Rate of defective products 26% 20% 20% -23.08%
Reprocessing rate 22% 16% 16% -27.27%
Productivity (unit/day) 13 20 24 84.62%
Cycle time (min) 26.8 23 20.1 -25.00%

6. Conclusions

The main findings of the study show significant improvements in the efficiency and quality of production processes
in a small textile company after implementing the proposed model. The rate of delay in the delivery of goods was
reduced by 65.67%, from 67% to 23%. The rate of defective products decreased by 23.08%, from 26% to 20%. The
reprocessing rate also experienced a reduction of 27.27%, dropping from 22% to 16%. Productivity notably increased
by 84.62%, from 13 to 24 units per day. Additionally, the cycle time was reduced by 25%, from 26.8 minutes to 20.1
minutes. These results indicate that the model not only improved operational efficiency but also increased the final
product quality and production capacity.

The research conducted is of great importance because it comprehensively addresses the critical challenges faced by
small and medium-sized enterprises (SMEs) in the textile sector, especially regarding efficiency and quality in
production. The implementation of Lean Manufacturing techniques, such as the 5S methodology, Methods-Time
Measurement (MTM), and line balancing, proved effective in solving common problems in SMEs, such as high rates
of defective products, prolonged cycle times, and low productivity. Adopting these practices not only improves
internal processes but also contributes to the economic and competitive sustainability of companies in an increasingly
demanding market.

The contributions of this study to the field of industrial engineering are significant. The proposed synergistic
production model integrates various Lean Manufacturing tools, demonstrating that their joint application can generate
more robust and sustainable results than the isolated implementation of each tool. This holistic approach provides a
practical and applicable framework for SMEs, particularly in the textile industry context, allowing for continuous
improvement in their production processes. Additionally, the study offers empirical validation of Lean Manufacturing
techniques, providing concrete evidence of their benefits in terms of operational efficiency and product quality.

Finally, final observations and suggestions for future studies are offered. It is recommended to explore the adaptability
of the proposed model to other industrial sectors to evaluate its effectiveness in different production contexts. Future
research could also focus on the long-term impact of implementing these tools on the economic and environmental
sustainability of companies. The inclusion of new technologies, such as Industry 4.0, could also be a promising area
to investigate how digitalization and automation can complement and enhance Lean Manufacturing practices. This
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study calls on researchers and industry professionals to continue exploring and refining process improvement
methodologies to support the growth and competitiveness of SMEs globally.
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