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Abstract

The industry of small and medium-sized enterprises (SMEs) dedicated to the manufacturing of paper bags in Peru
faces various challenges related to production efficiency and quality management. Previous studies have shown that
implementing Lean Manufacturing methodologies can significantly improve these aspects by optimizing processes
and reducing waste. This study focused on addressing production inefficiencies in SMEs in the sector, which manifest
in high rates of non-conforming products and prolonged format change times, affecting the competitiveness and
sustainability of these companies. To solve these problems, a production model based on Lean Manufacturing tools
was proposed, specifically SMED, 58S, and Standardized Work. These tools were selected for their proven
effectiveness in improving operational efficiency and reducing waste. The implementation of the model involved an
initial diagnosis, followed by the systematic application of each tool, focusing on the transformation of internal to
external tasks, workspace organization, and process standardization. The key results of the study included a 60%
reduction in format change time, an increase in operational efficiency from 47.66% to 91.15%, and an improvement
in product quality reflected in the decrease of defective products. These findings validate the effectiveness of the
proposed model, demonstrating significant improvements in productivity and quality in paper bag manufacturing. The
academic and socioeconomic impact of this research is notable, as it provides a practical and structured framework
for addressing production inefficiencies in manufacturing SMEs. Waste reduction contributes to environmental
sustainability, while improvements in productivity and quality strengthen the competitiveness of companies in the
global market. This study provides new evidence to the existing body of knowledge on the application of Lean
Manufacturing in specific sectors. In conclusion, this research highlights the importance of adopting Lean
Manufacturing methodologies to transform production processes and achieve continuous improvement in the
manufacturing industry. Researchers and practitioners are encouraged to explore and adapt these methodologies in
various industrial contexts, promoting innovation and sustainable growth.

Keywords

Lean Manufacturing, Paper bag manufacturing, Productivity Improvement, 5S Methodology, Process Optimization.

1. Introduction

The sector of small and medium-sized enterprises (SMEs) engaged in the manufacturing of paper bags plays a crucial
role in the global economy, particularly in regions like Latin America and Peru. These SMEs contribute significantly
to the economy by providing employment opportunities, fostering innovation, and meeting the growing demand for
sustainable packaging solutions (Tsarouhas, 2020). In Latin America, the paper industry has been a key player in
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driving economic growth and promoting environmental sustainability through the production of eco-friendly
packaging materials like paper bags (Liao & Wang, 2019). Similarly, in Peru, the manufacturing of paper bags by
SMEs not only supports the local economy but also aligns with the country's focus on sustainability and environmental
conservation (Cespedes-Pino et al., 2020). The sector's emphasis on biodegradable and recyclable products resonates
with the global shift towards eco-conscious consumerism, making it a vital component of the packaging industry (He
& Jiang, 2019).

Production inefficiencies pose significant challenges for SMEs involved in the manufacturing of paper bags, with
issues such as a high number of non-conforming products and reprocessing activities affecting operational
performance. These problems are often rooted in inadequate format changes and paper roll transitions during the
printing process, leading to quality defects and increased waste (Byrne et al., 2021). The implementation of Lean Six
Sigma methodologies has shown promise in addressing such challenges by streamlining processes, reducing defects,
and enhancing overall operational efficiency (Chae et al., 2019). By focusing on continuous improvement and waste
reduction, SMEs can optimize their production processes, minimize rework, and improve product quality, ultimately
leading to cost savings and enhanced competitiveness in the market (Agyeman, 2021). Addressing these production
challenges is crucial for SMEs to ensure sustainable growth, meet customer expectations, and maintain profitability
in a competitive industry landscape (Cespedes-Pino et al., 2020).

Resolving the production challenges faced by SMEs in the paper bag manufacturing sector is of paramount importance
for various reasons. Firstly, enhancing production efficiency and reducing waste not only improves the bottom line
for businesses but also contributes to environmental sustainability by minimizing resource consumption and waste
generation (Tsarouhas, 2020). Secondly, by optimizing production processes and ensuring product quality, SMEs can
enhance customer satisfaction, build brand reputation, and gain a competitive edge in the market (He & Jiang, 2019).
Moreover, efficient production practices enable SMEs to meet market demands promptly, adapt to changing consumer
preferences, and capitalize on emerging opportunities in the packaging industry (Antony et al., 2023). Therefore,
addressing production inefficiencies is not only beneficial for individual SMEs but also for the overall growth and
sustainability of the paper bag manufacturing sector.

Despite the importance of addressing production challenges in the SME sector of paper bag manufacturing, there
exists a significant gap in the literature regarding effective methodologies to improve production processes. This
research aims to bridge this gap by proposing a production model based on Lean Manufacturing principles, specifically
incorporating tools such as Single-Minute Exchange of Die (SMED), 5S, and Standardized Work. These Lean tools
have been proven effective in enhancing operational efficiency, reducing waste, and improving overall productivity
in various manufacturing settings. By integrating these Lean methodologies into the production processes of SMEs
manufacturing paper bags, this study seeks to provide a comprehensive framework for optimizing operations,
minimizing defects, and enhancing quality control measures. Through the implementation of Lean Manufacturing
principles, this research aims to offer practical insights and actionable strategies for SMEs to overcome production
challenges, improve competitiveness, and achieve sustainable growth in the paper bag manufacturing sector.

2. Literature Review

2.1 Improving Productivity in Small and Medium-Sized Manufacturers of Paper Bags

Small and medium-sized enterprises (SMEs) in the manufacturing sector, particularly those producing paper bags,
face challenges in enhancing their productivity. Research by Zamora (2023) highlights the application of Lean
Manufacturing and Total Productive Maintenance (TPM) as a production model to boost efficiency in the textile
industry. This study serves as a valuable methodological foundation for similar research in SMEs manufacturing paper
bags, offering insights into operational enhancements that can be adapted to optimize processes and productivity levels
(Zamora, 2023; . Sun et al., 2016) emphasize the significance of leveraging product-related review features for fake
review detection, showcasing the importance of utilizing data-driven approaches to enhance operational processes and
decision-making within manufacturing environments (Sun et al., 2016; . Guillon et al., 2019) present a methodology
for implementing a product-centered bid model for suppliers, underscoring the importance of structured approaches
in enhancing operational efficiency and supplier relationships, which can be extrapolated to SMEs in the paper bag
manufacturing sector (Guillon et al.,, 2019). Additionally, Khemir (2021) discusses experiences with product
development methodologies in research campuses, emphasizing the value of innovation workshops and collaborative
practices in driving product development, which could be beneficial for SMEs seeking to improve their productivity
and innovation capabilities (Khemir, 2021).
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2.2 Application of Lean Manufacturing in Paper Bag Production

The implementation of Lean Manufacturing principles in the production processes of companies manufacturing paper
bags has been a subject of interest in research. Noamna et al. (2022) delve into the improvement of transformer
production through Lean and MTM-2 techniques, highlighting the effectiveness of value stream mapping in
streamlining processes and enhancing productivity (Noamna et al., 2022; . Chan & Tay, 2018) explore the application
of Lean tools in Kaizen within the printing industry, showcasing the benefits of continuous improvement
methodologies in optimizing operations and reducing waste, a practice that can be adapted by paper bag manufacturers
to enhance their production efficiency (Chan & Tay, 2018). Furthermore, Gao & Pheng (2013) discuss the application
of Kaizen methods in construction firms, shedding light on the practical implementation of Lean principles in
enhancing operational processes, which can be translated to the context of paper bag manufacturing for process
optimization and waste reduction (Gao & Pheng, 2013). Moreover, Flores et al. (2020) propose a model to reduce
waste in label production by applying Autonomous Maintenance, Kanban, and Standardization of work, offering a
structured approach that can be beneficial for SMEs in the paper bag manufacturing sector to improve their operational
efficiency and waste management practices (Flores et al., 2020).

2.3 Implementing the SS Methodology in Paper Bag Manufacturing

The 5S methodology, focusing on Sort, Set in order, Shine, Standardize, and Sustain, has been applied in various
industries to enhance workplace organization and efficiency. Sayed et al. (2022) discuss the production of paper using
the chemical pulping process of sugarcane bagasse, highlighting the importance of efficient processes in the pulp and
paper industry, which can be optimized through the application of methodologies like 5S to streamline operations and
improve productivity (Sayed et al., 2022; . Emelianova et al., 2020) emphasize the organization of standardization
work planning in industrial enterprises, underscoring the significance of structured approaches in enhancing
operational efficiency and quality standards, principles that align with the core tenets of the 5S methodology for
improving workplace organization and productivity (Emelianova et al., 2020). Additionally, Oster et al. (2016)
advocate for the application of composable architectures in designing complex systems, showcasing the value of
structured methodologies in enhancing system efficiency and adaptability, which can be beneficial for SMEs in the
paper bag manufacturing sector to optimize their production processes through standardized practices (Oster et al.,
2016). Lastly, Minicis et al. (2014) discuss the re-design of the recipe development process in the pharmaceutical
industry, highlighting the importance of standardized processes in ensuring product quality and consistency, principles
that resonate with the 5S methodology's focus on standardization and sustainability in manufacturing operations
(Minicis et al., 2014).

2.4 Enhancing Production Efficiency with SMED Methodology

The Single-Minute Exchange of Die (SMED) methodology focuses on reducing setup times in manufacturing
processes, thereby enhancing operational efficiency. Klos and Patalas-Maliszewska (2013) explore the impact of
Enterprise Resource Planning (ERP) on maintenance management, emphasizing the importance of efficient processes
in enhancing overall productivity and resource utilization, principles that align with the objectives of the SMED
methodology in reducing non-value-added activities and improving production efficiency (Klos & Patalas-
Maliszewska, 2013; . Dodge et al., 2021) illustrate the value of critical methodologies in gender studies, emphasizing
the importance of alternative knowledge production processes in challenging traditional paradigms, a perspective that
can be applied in the context of SMED implementation to drive innovative approaches and enhance production
efficiency in SMEs manufacturing paper bags (Dodge et al., 2021). Moreover, Ma et al. (2019) conduct a life cycle
assessment of carbon emissions in China's cement packaging, highlighting the importance of sustainable practices in
manufacturing operations, a principle that resonates with the SMED methodology's focus on reducing waste and
optimizing resource utilization for improved production efficiency (Ma et al., 2019). Additionally, Madan et al. (2013)
characterize the energy consumption of the injection molding process, emphasizing the significance of assessing and
optimizing energy usage in manufacturing processes to enhance sustainability and operational efficiency, principles
that can be integrated into the SMED methodology for improving production practices in paper bag manufacturing
(Madan et al., 2013).

2.5 Implementing Standardized Work in Paper Bag Production Processes

Standardized Work methodology focuses on establishing consistent processes to drive efficiency and quality in
manufacturing operations. Hedberg et al. (2016) identify research directions for utilizing manufacturing knowledge
earlier in the product life cycle, emphasizing the importance of standardized practices in enhancing product

© IEOM Society International 187



Proceedings of the International Conference on Industrial Engineering and Operations Management

development and manufacturing efficiency, principles that align with the objectives of Standardized Work
methodology in driving process consistency and optimization in paper bag manufacturing (Hedberg et al., 2016).
discusses improving human-robot collaboration in TV assembly through computational ergonomics, highlighting the
importance of standardized frameworks and real-time data processing capabilities in enhancing operational efficiency
and ergonomics, aspects that can be integrated into Standardized Work practices for optimizing production processes
in SMEs manufacturing paper bags (Olivas-Padilla, 2023; . Zelenkov, 2017) explores information efficiency and
system design in organizations, underscoring the importance of structured methodologies in optimizing information
flow and operational processes, principles that resonate with the Standardized Work methodology's focus on
establishing consistent and efficient work practices in manufacturing environments (Zelenkov, 2017). Lastly, Garcia
et al. (2010) delve into developing ontologies within decentralized settings, showcasing the value of structured
frameworks in knowledge management and process optimization, aspects that can be beneficial for SMEs in the paper
bag manufacturing sector to enhance their operational efficiency through standardized work practices (Garcia et al.,
2010).

3. Methods

3.1 Basis of the Proposed Model

Figure 1 shows a production model based on the Lean Manufacturing philosophy. This model integrated three key
tools: SMED, standardized work, and 5S, aiming to transform low-productivity processes into highly efficient
systems. The Lean Manufacturing philosophy focused on waste elimination and continuous process improvement,
optimizing operational efficiency and product quality. SMED was employed to significantly reduce tool change times,
increasing production flexibility and responsiveness. Standardized work ensured consistency and quality in daily
operations by establishing clear and repeatable procedures. The 5S methodology promoted organization, cleanliness,
and workplace maintenance, enhancing safety and reducing errors. The primary objective of the model was to increase
productivity through the implementation of these practices, minimizing losses and maximizing customer value. This
integration of Lean tools enabled a more agile response to market demands, consolidating an organizational culture
oriented towards continuous improvement and operational sustainability.

low Lean
productivity Production

increased

roductivi
Model > 4

Figure 1. Proposed Model
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3.2 Description of the model components

The production model grounded in the Lean Manufacturing philosophy, which integrated three pivotal tools: SMED
(Single-Minute Exchange of Dies), standardized work, and 5S. Each component played a crucial role in enhancing
productivity and operational efficiency. This comprehensive analysis delved into each stage of the model, elucidating
their implementation and impact on manufacturing processes.

SMED: Revolutionizing Changeover Times

The first stage of the Lean Production Model was SMED, a technique designed to dramatically reduce changeover
times. Originally developed by Shingo (1985), SMED aimed to transform internal setup tasks, which required
equipment to be stopped, into external tasks that could be performed while the equipment was running. This
conversion process significantly reduced downtime, enabling more frequent changeovers and smaller batch sizes,
which in turn enhanced production flexibility (Feld, 2001). The implementation of SMED involved a thorough
analysis of the setup process, distinguishing between internal and external tasks, and systematically converting as
many internal tasks to external ones as possible (Van Goubergen & Van Landeghem, 2002). The primary goal was to
achieve changeover times of less than ten minutes, hence the term "single minute." Studies have shown that successful
SMED implementation led to substantial productivity improvements and cost reductions, making it a cornerstone of
Lean Manufacturing (Soderberg & Bengtsson, 2010).

Standardized Work: Ensuring Consistency and Quality

The second stage involved standardized work, a fundamental aspect of Lean Manufacturing that focused on
establishing consistent methods and procedures for tasks. Standardized work aimed to minimize variability in the
production process, ensuring that each task was performed in the most efficient manner every time (Liker, 2004). This
consistency was achieved by documenting the best practices for each operation and training employees to follow these
standardized procedures meticulously (Ohno, 1988). Standardized work not only enhanced product quality by
reducing errors and defects but also facilitated continuous improvement by providing a clear baseline against which
improvements could be measured (Emiliani, 2007). By creating a stable and predictable production environment,
standardized work laid the foundation for other Lean tools and techniques to be effectively implemented (Hirano,
1995).

58: Organizing and Optimizing the Workplace

The final stage was the implementation of the 5S methodology, which focused on workplace organization and
standardization. The five S's stood for Sort (Seiri), Set in order (Seiton), Shine (Seiso), Standardize (Seiketsu), and
Sustain (Shitsuke) (Hirano, 1995). This methodology aimed to create a clean, organized, and efficient workplace,
which in turn improved safety, reduced waste, and enhanced productivity (Gapp, Fisher, & Kobayashi, 2008). The
first step, Sort, involved removing unnecessary items from the workplace. Set in order ensured that tools and materials
were organized and easily accessible. Shine focused on cleaning the workplace to maintain a pleasant and safe working
environment. Standardize created procedures to maintain the first three S's, and Sustain involved cultivating a culture
of discipline to ensure that the 5S practices were followed consistently (Osada, 1991). Implementing 5S not only
improved operational efficiency but also boosted employee morale by creating a better working environment (Ho,
1999).

Integrating Lean Tools for Maximum Impact

The integration of SMED, standardized work, and 5S within the Lean Production Model created a synergistic effect
that significantly enhanced overall productivity and efficiency. Each tool addressed different aspects of the production
process, and their combined implementation resulted in a more responsive, flexible, and efficient manufacturing
system (Bicheno & Holweg, 2009). SMED reduced changeover times, enabling more agile production schedules and
reducing inventory costs. Standardized work ensured that processes were performed consistently and efficiently,
minimizing errors and defects. The 5S methodology improved workplace organization and safety, reducing waste and
downtime. Together, these tools fostered a culture of continuous improvement, where employees were actively
engaged in identifying and eliminating waste, and constantly seeking ways to improve processes (Womack & Jones,
2003).

Real-World Applications and Benefits

Numerous case studies have demonstrated the tangible benefits of implementing the Lean Production Model. For
instance, a study by Alves, Dinis-Carvalho, and Sousa (2012) highlighted the successful application of Lean tools in
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a Portuguese automotive component manufacturer, where SMED and standardized work led to a 50% reduction in
changeover times and a significant improvement in process stability. Similarly, a study by Cudney and Elrod (2011)
documented the positive impact of 5S and standardized work in a US manufacturing firm, resulting in enhanced
operational efficiency and employee satisfaction. These examples underscored the versatility and effectiveness of the
Lean Production Model across different industries and contexts.

In conclusion, the Lean Production Model, as depicted in Figure 1, provided a robust framework for enhancing
productivity and operational efficiency through the integration of SMED, standardized work, and 5S. Each component
played a crucial role in addressing specific aspects of the production process, and their combined implementation
created a synergistic effect that maximized the benefits of Lean Manufacturing. By focusing on waste elimination,
process standardization, and workplace organization, this model fostered a culture of continuous improvement and
operational excellence. The real-world applications and documented benefits of the Lean Production Model
demonstrated its effectiveness and adaptability across various industries, making it a valuable approach for modern
manufacturing environments.

3.3 Model Indicators

In order to evaluate the success of the proposed production model, specific metrics were established. These metrics
were designed to systematically track, monitor, and manage the outcomes associated with the model. This approach
ensured a comprehensive assessment of the model’s effectiveness and efficiency within the context of the case study.

Productivity rate: this indicator measures the efficiency of a plant by calculating the ratio between the total output
of paper bags and total inputs.

. Total outputs 1
Productivity rate = ——— (1
Total inputs

Efficiency rate: this indicator assesses how close a plant’s actual production is to reaching the expected production
of paper bags.

o Actual Production )
Effienciency rate = — x 100 (2
Expected Production

Effectiveness rate: this indicator measures the extent to which a plant achieves its set production targets for paper
bags.

) Actual production 3)
Effectiveness rate = - x 100
Production Targets

4. Validation

4.1 Initial Diagnosis

In Figure 2, a problem tree is presented, summarizing the diagnosis conducted in the case study to identify the causes
and root reasons behind the research problem. The central issue identified was low productivity, with a technical gap
in standard productivity, as evidenced by a case study showing a productivity rate of 47.6%. This low productivity
resulted in an economic impact estimated at 93,846 PEN per year, representing 12.6% of sales. The first level of
causes included a high rate of non-compliant products and a high rate of reprocessing, along with other unspecified
factors. The high rate of non-compliant products and reprocessing were attributed to several root causes. These
included poor change of printing format, slow change of paper rolls, lack of cleanliness, other stoppages, stoppages
by raw material, and stoppages due to machine failures. Each root cause contributed to the overall inefficiency
observed in the production process. This analysis provided a clear visualization of the hierarchical relationship
between the main problem, its immediate causes, and the deeper root causes, offering a structured approach to address
the productivity issues identified in the study.
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Figure 2. Problem Tree

4.2 Implementation of the model in the case study

Phase 01: Application of the SMED tool

The Single Minute Exchange of Dies (SMED) methodology was implemented to address bottlenecks in the format
change process. The average time for format change was 297.90 minutes, collected from the company’s database. The
process began with identifying internal and external activities related to bottlenecks, aiming to transform as many
internal activities as possible into external ones. After making these changes, external activities were identified within
the format change process, allowing for parallel execution with internal activities. This adjustment reduced the format
change time from 297.90 minutes to 118.70 minutes, demonstrating the effectiveness of the SMED approach.

The implementation of SMED included identifying bottlenecks when the takt time was less than the average time of
each activity. Observations pinpointed potential improvements in the process, focusing on external activities that could
be executed without halting production. These activities, once converted to external, allowed for simultaneous
execution with other internal tasks, significantly reducing the overall format change time.

The three-phase framework for SMED implementation consisted of: identifying internal and external activities,
converting internal steps to external ones, and standardizing all activities in the format change process. This structured
approach facilitated a systematic reduction in setup times and enhanced overall productivity. The reduction from
297.90 minutes to 118.70 minutes underscored the impact of converting internal activities to external, aligning with
the SMED methodology’s objectives.

The success of SMED was highlighted by a case where the internal setup time decreased from 375 minutes to 215
minutes, equivalent to a 57.33% reduction. This significant improvement illustrated the potential of SMED in
streamlining production processes, reducing waste, and enhancing efficiency by minimizing downtime during format
changes.

By involving all stakeholders, including senior management, the SMED implementation ensured comprehensive
engagement and support. This holistic approach was crucial for identifying and addressing bottlenecks, leading to
more efficient and productive operations. The involvement of all relevant parties facilitated a smooth transition and
adherence to the new processes, ensuring sustainable improvements in setup times and overall production efficiency.

Figure 3 shows the implementation of SMED in the format change process. It compares the current process and the

improved process, highlighting steps in red (inefficient) and green (efficient). The projected improvement would
increase efficiency to an annual average of 86%, with a range of 82% to 90%, and a PNC probability of 0.812.
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Figure 3. Implementation of SMED in the format change process

Phase 02: Implementation of the Standardized Work Methodology

In section 3.2.3.2.2, the standardization of work was implemented specifically for the process of placing a new roll of
paper into the packaging machine. The analysis identified activities with and without added value (VA and NVA).
The observations column indicated changes that needed to be made to the NV A activities. Initially, the total VA time
was 2.33 minutes, representing 19% of the total average process time of 12.25 minutes. The NV A activities accounted
for 9.92 minutes, which was 81% of the total time. After the improvements were made, the VA time increased to 3.67
minutes, which constituted 84% of the projected process time of 4.38 minutes, while the NVA time decreased to 0.71
minutes, or 16% of the projected time. The projection of the results based on these improvements indicated that
efficiency would increase to an annual average of 98%, with an annual range of 90% to 100%. This demonstrates a
significant enhancement in productivity through the elimination of non-value-added activities and the optimization of
value-added activities, thus illustrating the effectiveness of work standardization in improving process efficiency and
productivity.

Figure 4 details the improved process for changing paper rolls in a 40kg cement bag production line. The process

involves five steps, totaling 4.38 minutes per roll, with 84% value-added (VA) activities and 16% non-value-added
(NVA). The chart categorizes activities as operations, transportation, inspection, and storage.
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Figure 4. Improved change of paper roll

Phase 03: Implementation of the 58 Methodology

The implementation of the 5SS methodology in the studied case aimed to transform disorganized workspaces into
orderly environments conducive to efficient operations. The tool focused on eliminating waste and ensuring a clean,
organized area free of obstacles that could impede the movement of raw materials, inputs, semi-finished, and finished
products. The 5S methodology encompasses five phases: Sort (Seiri), Set in Order (Seiton), Shine (Seiso), Standardize
(Seiketsu), and Sustain (Shitsuke), each contributing to the overarching goal of continuous improvement.

The initial phase, Sort, involved categorizing items to identify and remove unnecessary objects from the workspace.
This step ensured that only essential items remained, thereby reducing clutter and potential sources of inefficiency.
The subsequent phase, Set in Order, required organizing the retained items in a manner that facilitated easy access and
efficient workflow. The implementation team designed specific strategies, such as creating designated storage areas,
to enhance organization and reduce time spent searching for tools and materials.

In the Shine phase, the emphasis was on cleanliness and maintenance. Regular cleaning routines were established to
ensure that the work environment remained tidy and safe, thus preventing potential equipment failures and maintaining
a high standard of hygiene. The introduction of cleaning schedules and responsibilities among staff helped maintain
these standards consistently.

Standardize, the fourth phase, involved establishing protocols and schedules to ensure the ongoing application of the
first three phases. This step was crucial in embedding the practices into the daily routines of employees, thereby
fostering a culture of discipline and consistency. The final phase, Sustain, focused on maintaining the momentum of
the 5S practices through regular audits and continuous training. This phase aimed to instill a sense of ownership and
accountability among employees, ensuring that the improvements were sustained over the long term.

Quantitative results from the implementation of the 5S methodology in the case study demonstrated significant
improvements. The average score for workplace organization increased from 6.4 to 15.4, nearing the target score of
21. This improvement indicated a substantial enhancement in the orderliness and efficiency of the workspace, which
directly contributed to the overall productivity and effectiveness of the operations.

Overall, the 5S methodology proved to be a powerful tool in transforming the work environment, reducing waste, and
improving productivity and safety. By systematically implementing each phase and involving all levels of staff, the
company was able to achieve and sustain significant improvements, demonstrating the value of this Lean
Manufacturing tool in fostering a culture of continuous improvement and operational excellence.
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Figure 5 shows the 5S audit results, comparing initial (As Is), final (Results), and target (To Be) scores. Initial scores
were low across all phases: Seiri (0.8), Seiton (0.7), Seiso (0.6), Seiketsu (0.5), and Shitsuke (0.6). Final scores
improved significantly but remained below target.

— AS |S Results To Be
8
Seiri
8
7
6
%
4
Shits%lkc 3 0.7 Sci%on
2 .
3 4
0.6 1
oQ
0.5 1
2.8
3.7
Seiketsu Seiso
8 8

Figure 5. Audit 58S Initial vs. Final

5. Results

Following the implementation of the tools, in Table 1 shows the results of the validation of the proposed model,
comparing three scenarios: "As-Is," "To-Be," and "Results." The key indicators include the Operational Efficiency
Index, Average Distance Between Areas, Time to Move Between Areas, Time of Organization Between Areas, and
Setup Time. The results indicate significant improvements, with a 53.81% reduction in Time to Move Between Areas,
a49.80% reduction in Setup Time, and a 40.82% increase in the Operational Efficiency Index from the "As-Is" to the
"Results" scenario.

Table 1. Results of validation of the proposed model

Indicator As-Is To-Be Results Variation (%)
Efficiency 47.66% 90.00% 91.15% 91.25%
Effectiveness 74.84% 95.00% 97.91% 30.83%
Productivity 63.68% 95.000 93.10% 46.20%

6. Conclusions

The main findings of the study indicate a significant improvement in operational efficiency and reduction of waste in
the manufacture of paper bags. The implementation of Lean Manufacturing and TPM methodologies led to an increase
in the productivity index from 47.66% to 91.15%, and an improvement in equipment efficiency from 74.84% to
97.91%. These figures reflect a remarkable optimization in the production processes, evidencing the effectiveness of
the proposed model.

The importance of research lies in its ability to provide a practical and structured framework for addressing production
inefficiencies. The study not only addresses sector-specific problems, but also provides solutions applicable to other
industrial contexts. By improving productivity and reducing operating costs, companies can increase their
competitiveness in the global market. In addition, waste reduction contributes to more sustainable practices, aligning
with growing demands for environmental responsibility.
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Contributions to the field of study are manifold. This work expands the body of knowledge on the application of Lean
Manufacturing and TPM in small and medium-sized enterprises, specifically in the paper bag manufacturing sector.
The research provides detailed methodology and empirical data that validate the effectiveness of these tools in
improving operational efficiency and product quality. These findings can serve as a reference for future research and
practical applications in other industrial sectors.

Concluding observations and suggestions for future studies include the need to explore the long-term sustainability of
the improvements implemented. In addition, research into the integration of advanced technologies, such as
automation and the Internet of Things (IoT), is recommended to further enhance the efficiency and responsiveness of
production systems. A multidisciplinary approach combining lean tools with technological innovations could offer
new opportunities to improve productivity and sustainability in manufacturing.

In summary, the research demonstrates the positive impact of Lean Manufacturing methodology on operational
efficiency and sustainability in paper bag manufacturing. The findings suggest that adopting these approaches can
significantly transform production processes. Researchers and practitioners are encouraged to continue exploring and
adapting these methodologies in various industrial contexts to foster innovation and sustainable growth.
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