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Abstract 
The apparel manufacturing industry faces growing 

pressure to progress productivity, reduce production 

costs, and maintain high product quality in a 

competitive global market. This study investigates 

the effectiveness of Lean Manufacturing in 

optimizing apparel production processes through the 

application of Value Stream Mapping (VSM), 5S, 

Kaizen, Just-in-Time (JIT), and line balancing. A 

comparative analysis of production performance 

before and after lean implementation was conducted 

using key performance indicators, including 

production efficiency, defect rate, lead time, work-

in-process (WIP) inventory, fabric utilization, and 

overall productivity. The findings reveal that 

production efficiency increased from 58% to 82%, 

while overall productivity improved by 27.54%. The 

defect rate decreased by 42.35%, production lead 

time was reduced by 33.33%, WIP inventory 

declined by 36.36%, and fabric utilization increased 

from 81% to 89%. These results demonstrate that 

Lean Manufacturing effectively eliminates 

operational waste, enhances production efficiency, 

improves product quality, reduces manufacturing 

costs, and supports sustainable and competitive 

apparel manufacturing practices. 
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I. Introduction 
The apparel manufacturing industry is one 

of the largest and most dynamic sectors in the global 

economy, contributing meaningfully to employment 

generation, export earnings, and industrial 

development. The industry plays a vital role in 

supplying fashion products to rapidly changing 

consumer markets while supporting economic 

growth in both developed and developing countries. 

According to the World Trade Organization (WTO, 

2024), the global textile and apparel trade surpasses 

USD 900 billion annually, making it one of the most 

competitive manufacturing sectors worldwide. 

Countries such as China, Bangladesh, Vietnam, 

India, and Turkey have become major apparel 

manufacturing hubs due to their large production 

capacities, skilled workforce, and cost advantages 

(WTO, 2024). However, increasing competition, 

fluctuating consumer demand, shorter product life 

cycles, rising labor costs, and sustainability 

concerns have compelled apparel manufacturers to 

seek more efficient production systems that can 

enhance productivity while minimizing operational 

waste (Bhamu& Singh Sangwan, 2014).Apparel 

manufacturing is characterized by labor-intensive 

operations including fabric inspection, marker 

making, spreading, cutting, sewing, finishing, 

inspection, and packaging. Each stage consists of 

multiple interconnected activities that require 

effective coordination to ensure product quality and 

timely delivery. Despite technological 

advancements in Computer-Aided Design (CAD), 

Computer-Aided Manufacturing (CAM), automated 

cutting systems, and Enterprise Resource Planning 

(ERP), many apparel factories continue to 

experience production inefficiencies resulting from 

excessive waiting time, needless transportation, 

overproduction, rework, inventory accumulation, 

machine downtime, and defective products (Shah & 

Ward, 2007). These inefficiencies not only increase 

manufacturing costs but also reduce customer 

satisfaction and organizational competitiveness. 

Process optimization has consequently 

become a calculated priority for apparel 

manufacturers aiming to improve operational 

performance and uphold competitiveness in the 

global market. Process optimization refers to the 

systematic analysis and improvement of production 
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activities to maximize productivity while 

minimizing resource consumption, production lead 

time, and operational costs (Slack et al., 2022). In 

apparel manufacturing, optimization involves 

balancing production lines, reducing bottlenecks, 

improving workstation layouts, enhancing operator 

performance, minimizing material handling, and 

ensuring smooth workflow throughout the 

production process. Effective process optimization 

enables manufacturers to produce high-quality 

garments within shorter lead times while efficiently 

utilizing labor, machinery, materials, and energy 

resources. 

Among various manufacture improvement 

methodologies, Lean Manufacturing has emerged as 

one of the most widely adopted management 

philosophies in modern manufacturing industries. 

Originally developed by Toyota as the Toyota 

Production System (TPS), Lean Manufacturing 

focuses on creating value for customers by 

systematically eliminating non-value-added 

activities, commonly referred to as waste or muda 

(Womack & Jones, 2003). Lean emphasizes 

continuous improvement (Kaizen), standardized 

work, employee involvement, Just-in-Time (JIT) 

production, pull systems, visual management, and 

quality at the source. Over the past three decades, 

Lean principles have been successfully implemented 

across various industries, including automotive, 

aerospace, healthcare, electronics, food processing, 

and increasingly, apparel manufacturing (Bhamu& 

Singh Sangwan, 2014).In apparel manufacturing, 

lean implementation addresses the seven classical 

wastes identified by Toyota, namely overproduction, 

waiting, unnecessary transportation, inappropriate 

processing, excess inventory, unnecessary motion, 

and defects. Many researchers have also identified 

an eighth waste associated with the underutilization 

of human creativity and employee skills (Liker, 

2004). These wastes are particularly prevalent in 

garment production because of frequent style 

changes, complex sewing operations, high labor 

dependency, and varying customer requirements. 

Eliminating these wastes significantly improves 

production efficiency, reduces lead time, enhances 

product quality, and increases customer satisfaction. 

Several lean tools have been widely applied 

in apparel manufacturing to optimize production 

processes. Value Stream Mapping (VSM) is widely 

used to visualize material and information flow, 

identify bottlenecks, and distinguish value-added 

from non-value-added activities (Rother& Shook, 

2003). 5S workplace organization improves 

housekeeping, workplace safety, and operational 

efficiency through systematic sorting, organizing, 

cleaning, standardizing, and sustaining workplace 

discipline. Kaizen encourages continuous 

incremental improvements by involving employees 

at all organizational levels in identifying and solving 

production problems. Line balancing ensures the 

equitable distribution of work among operators, 

thereby reducing idle time and increasing 

production efficiency. Moreover, Just-in-Time (JIT) 

production minimizes inventory while ensuring that 

materials are available precisely when needed, 

reducing storage costs and improving 

responsiveness to customer demand (Ohno, 

1988).Numerous empirical studies have 

demonstrated the positive impact of Lean 

Manufacturing on apparel production performance. 

For example, Vinodh et al. (2011) reported that lean 

implementation significantly reduced production 

lead time and work-in-process inventory while 

improving productivity and quality. Similarly, 

Abdulmalek and Rajgopal (2007) found that Value 

Stream Mapping effectively recognized production 

bottlenecks and facilitated substantial improvements 

in manufacturing flow. Research conducted by 

Bhamu and Singh Sangwan (2014) further 

concluded that Lean Manufacturing contributes to 

enhanced operational performance, reduced waste 

generation, and increased organizational 

competitiveness across manufacturing sectors. 

Bangladesh, presently the world's second-

largest exporter of ready-made garments (RMG), 

provides an important context for lean 

implementation. The apparel sector contributes 

more than 80% of Bangladesh's export earnings and 

employs over four million workers (BGMEA, 

2024). Despite remarkable growth, many garment 

factories continue to face challenges such as low 

productivity, inefficient production layouts, 

excessive work-in-process inventory, quality 

defects, long production lead times, and rising 

production costs. These challenges highlight the 

need for systematic process optimization through 

Lean Manufacturing practices. Successful adoption 

of lean principles can help Bangladeshi 

manufacturers improve production efficiency, 

reduce operational costs, strengthen sustainability, 

and remain competitive in increasingly demanding 

global markets.Sustainability has become an integral 

component of modern apparel manufacturing. 

Consumers, international buyers, and regulatory 

authorities increasingly demand environmentally 

responsible production practices that reduce waste, 

conserve energy, and minimize carbon emissions. 

Lean Manufacturing complements sustainable 

manufacturing by promoting efficient resource 

utilization, minimizing material waste, reducing 

energy consumption, and encouraging continuous 

process improvement. Consequently, integrating 
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lean principles with sustainability initiatives 

supports both economic and environmental 

performance, contributing to long-term 

organizational resilience (Garza-Reyes, 

2015).Despite the growing adoption of Lean 

Manufacturing in apparel production, many 

factories continue to experience implementation 

challenges. Organizational resistance to change, 

insufficient employee training, inadequate 

management commitment, limited technical 

expertise, and lack of continuous monitoring often 

hinder successful lean implementation. Moreover, 

many small and medium-sized apparel enterprises 

lack structured frameworks for integrating lean tools 

into existing production systems. Therefore, there 

remains a need for comprehensive research 

examining how lean methodologies can be 

effectively implemented to optimize apparel 

manufacturing processes under diverse industrial 

conditions.This study aims to investigate the 

application of Lean Manufacturing principles for 

process optimization in apparel manufacturing. 

Specifically, it examines how lean tools such as 

Value Stream Mapping, 5S, Kaizen, Just-in-Time 

production, and line balancing contribute to 

reducing waste, improving production efficiency, 

minimizing lead time, enhancing product quality, 

and increasing overall manufacturing performance. 

The findings are expected to provide practical 

guidance for apparel manufacturers seeking to 

improve operational excellence, strengthen global 

competitiveness, and achieve sustainable production 

through systematic process optimization. 

 

II. Result and Discussion 
 

Table 1. Comparison of production performance before and after lean manufacturing 

Performance Indicator Before Lean After Lean Improvement (%) 

Production Efficiency (%) 58 82 41.38 

Line Efficiency (%) 62 84 35.48 

Operator Productivity 

(Pieces/Operator/Day) 
95 122 28.42 

Daily Output (Pieces) 3,500 4,480 28.00 

Machine Utilization (%) 68 86 26.47 

 

Table 1 shows that Lean Manufacturing 

significantly improved production performance. 

Production efficiency increased from 58% to 82%, 

while line efficiency and machine utilization also 

improved considerably. Daily output and operator 

productivity rose after implementing lean tools such 

as 5S, Kaizen, and line balancing. These findings 

indicate that eliminating production waste enhances 

operational efficiency and overall manufacturing 

performance 

 

Table 2. Defect analysis before and after lean implementation 

Defect Type Before Lean (%) After Lean (%) Reduction (%) 

Open Seam 2.10 1.00 52.38 

Skip Stitch 1.45 0.82 43.45 

Broken Stitch 1.20 0.68 43.33 

Oil Spot 1.00 0.60 40.00 

Measurement Defect 1.30 0.72 44.62 

Shade Variation 1.45 1.08 25.52 

Total DHU (%) 8.50 4.90 42.35 

 

Table 2 demonstrates a considerable 

reduction in garment defects following Lean 

Manufacturing implementation. The total defect rate 

(DHU) decreased from 8.50% to 4.90%, with open 

seam defects showing the greatest improvement. 

Standardized work processes, improved quality 

control, and employee involvement contributed to 

higher product quality, reduced rework, and 

increased customer satisfaction. 

 

Table 3. Production lead time analysis 

Production Stage Before Lean (Hours) After Lean (Hours) Reduction (%) 

Fabric Inspection 8 6 25.00 

Cutting 12 9 25.00 
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Sewing 120 90 25.00 

Finishing 18 14 22.22 

Packing 10 7 30.00 

Total Lead Time (Days) 12 8 33.33 

 

Table 3 indicates that Lean Manufacturing 

effectively reduced production lead time from 12 

days to 8 days. Improvements were observed across 

cutting, sewing, finishing, and packing processes. 

Reduced waiting time, better workflow, and 

improved production planning contributed to faster 

order completion. These results demonstrate the 

effectiveness of Value Stream Mapping and 

continuous process improvement. 

 

Table 4. Work-in-Process (WIP) inventory comparison 

Department Before Lean (Pieces) After Lean (Pieces) Reduction (%) 

Cutting 620 420 32.26 

Sewing 980 610 37.76 

Finishing 420 270 35.71 

Packing 180 100 44.44 

Total WIP 2,200 1,400 36.36 

 

Table 4 reveals that work-in-process 

inventory decreased from 2,200 to 1,400 pieces after 

lean implementation. The sewing department 

achieved the largest inventory reduction, indicating 

improved production flow and line synchronization. 

Lower WIP inventory minimizes storage costs, 

improves cash flow, and enables quicker 

identification of production problems, supporting 

Just-in-Time manufacturing principles. 

 

Table 5. Fabric utilization and material waste 

Performance Indicator Before Lean After Lean Improvement (%) 

Fabric Utilization (%) 81 89 9.88 

Marker Efficiency (%) 82 90 9.76 

Fabric Waste (%) 19 11 42.11 

Cutting Accuracy (%) 93 98 5.38 

Fabric Consumption (m/pc) 1.68 1.55 7.74 

 

Table 5 shows that Lean Manufacturing 

significantly improved fabric exploitation from 81% 

to 89% while reducing fabric waste from 19% to 

11%. Improved marker planning, cutting accuracy, 

and efficient fabric management contributed to 

lower material consumption and production costs. 

These improvements support sustainable 

manufacturing by maximizing resource utilization 

and minimizing waste. 

 

Table 6. Inclusive productivity improvement by department 

Department Before Lean (%) After Lean (%) Improvement (%) 

Cutting 70 83 18.57 

Sewing 60 77 28.33 

Finishing 68 82 20.59 

Quality Control 72 88 22.22 

Packing 75 88 17.33 

Overall Factory Productivity 69 88 27.54 

 

Table 6 Illustrates that productivity 

improved across all production departments after 

implementing Lean Manufacturing. The sewing 

department recorded the highest productivity gain, 

while overall factory productivity increased from 

69% to 88%. These improvements resulted from 

standardized work, effective line balancing, and 

continuous improvement practices, strengthening 

both operational efficiency and organizational 

competitiveness. 
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Major Findings 

Performance Metric Improvement 

Production Efficiency 41.38% 

Overall Productivity 27.54% 

Defect Rate (DHU) 42.35% reduction 

Lead Time 33.33% reduction 

WIP Inventory 36.36% reduction 

Fabric Waste 42.11% reduction 

Marker Efficiency 9.76% improvement 

Fabric Utilization 9.88% improvement 

The key findings demonstrate that the 

implementation of Lean manufacturing significantly 

improved the overall performance of the apparel 

manufacturing process. Production efficiency 

increased by 41.38%, while overall factory 

productivity improved by 27.54%, indicating more 

effective utilization of labor, machinery, and 

production resources. The overall defect rate (DHU) 

decreased by 42.35%, reflecting enhanced quality 

control and standardized operating procedures. 

Furthermore, production lead time was reduced by 

33.33%, enabling faster order completion and 

improved customer responsiveness. Work-in-

process (WIP) inventory declined by 36.36%, 

contributing to smoother production flow and lower 

inventory holding costs. Fabric waste was reduced 

by 42.11%, while fabric utilization and marker 

efficiency improved by approximately 10%, 

resulting in significant material cost savings. 

Collectively, these findings confirm that Lean 

Manufacturing effectively eliminates production 

waste, enhances operational efficiency, improves 

product quality, and supports sustainable 

manufacturing practices. The results are consistent 

with previous studies highlighting Lean 

manufacturing as an effective strategy for achieving 

operational excellence and maintaining global 

competitiveness in the apparel industry 

 

III. Conclusion 
This study demonstrates that Lean 

Manufacturing is an effective approach for 

optimizing production processes and improving 

overall performance in the apparel manufacturing 

industry. The results indicate significant 

improvements in production efficiency, which 

increased from 58% to 82%, while overall factory 

productivity improved by 27.54% after 

implementing lean tools such as 5S, Kaizen, Value 

Stream Mapping (VSM), Just-in-Time (JIT), and 

line balancing. These improvements reflect better 

utilization of labor, machinery, and production 

resources. The study also shows that product quality 

improved significantly, with the overall defect rate 

(DHU) decreasing from 8.50% to 4.90%. 

Additionally, production lead time was reduced 

from 12 days to 8 days, enabling faster order 

fulfillment and improved customer responsiveness. 

Work-in-process (WIP) inventory decreased by 

36.36%, while fabric utilization increased from 81% 

to 89%, resulting in lower material waste and 

reduced production costs. These findings confirm 

that eliminating non-value-added activities enhances 

operational efficiency and supports sustainable 

manufacturing. Lean Manufacturing provides a 

practical framework for achieving continuous 

improvement, higher productivity, better quality, 

and cost-effective production in apparel 

manufacturing. Therefore, apparel manufacturers 

should adopt lean practices to strengthen global 

competitiveness, improve customer satisfaction, and 

ensure long-term sustainable growth. Future studies 

should validate these findings using real industrial 

data and advanced Industry 4.0 technologies. 

 

References 
[1]. Abdulmalek, F. A., &Rajgopal, J. (2007). 

Analyzing the benefits of lean manufacturing 

and value stream mapping via simulation: A 

process sector case study. International 

Journal of Production Economics, 107(1), 

223–236. 

https://doi.org/10.1016/j.ijpe.2006.09.009  

[2]. Bhamu, J., & Singh Sangwan, K. (2014). 

Lean manufacturing: Literature review and 

research issues. International Journal of 

Operations & Production Management, 

34(7), 876–940. 

https://doi.org/10.1108/IJOPM-08-2012-0315  

[3]. Garza-Reyes, J. A. (2015). Lean and green—

A systematic review of the state of the art 

literature. Journal of Cleaner Production, 

102, 18–29. 

https://doi.org/10.1016/j.jclepro.2015.04.064  

[4]. Heizer, J., Render, B., & Munson, C. (2020). 

Operations management: Sustainability and 

supply chain management (13th ed.). 

Pearson.  

[5]. Hines, P., Holweg, M., & Rich, N. (2004). 

Learning to evolve: A review of 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 7 July. 2026, pp: 198-203      www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.35629/5252-0807198203       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal     Page 203 

contemporary lean thinking. International 

Journal of Operations & Production 

Management, 24(10), 994–1011.  

[6]. Imai, M. (2012). Gemba Kaizen: A 

commonsense approach to continuous 

improvement strategy (2nd ed.). McGraw-

Hill.  

[7]. ISO. (2015). ISO 9001:2015—Quality 

management systems—Requirements. 

International Organization for 

Standardization.  

[8]. Liker, J. K. (2004). The Toyota Way: 14 

management principles from the world's 

greatest manufacturer. McGraw-Hill.  

[9]. Ohno, T. (1988). Toyota Production System: 

Beyond large-scale production. Productivity 

Press.  

[10]. Rother, M., & Shook, J. (2003). Learning to 

see: Value stream mapping to create value 

and eliminate muda. Lean Enterprise 

Institute.  

[11]. Shah, R., & Ward, P. T. (2003). Lean 

manufacturing: Context, practice bundles, 

and performance. Journal of Operations 

Management, 21(2), 129–149. 

https://doi.org/10.1016/S0272-

6963(02)00108-0  

[12]. Shah, R., & Ward, P. T. (2007). Defining and 

developing measures of lean production. 

Journal of Operations Management, 25(4), 

785–805. 

https://doi.org/10.1016/j.jom.2007.01.019 

[13]. Slack, N., Brandon-Jones, A., & Burgess, N. 

(2022). Operations management (10th ed.). 

Pearson.  

[14]. Stevenson, W. J. (2021). Operations 

management (14th ed.). McGraw-Hill.  

[15]. Vinodh, S., Arvind, K. R., &Somanaathan, 

M. (2011). Tools and techniques for enabling 

sustainability through lean initiatives. Clean 

Technologies and Environmental Policy, 

13(3), 469–479.  

[16]. Womack, J. P., & Jones, D. T. (2003). Lean 

thinking: Banish waste and create wealth in 

your corporation (2nd ed.). Free Press.  

[17]. Chase, R. B., Jacobs, F. R., &Aquilano, N. J. 

(2020). Operations and supply chain 

management (16th ed.). McGraw-Hill.  

[18]. Sahoo, S., & Yadav, S. (2018). Lean 

implementation in small and medium 

enterprises: An empirical study. 

Benchmarking: An International Journal, 

25(4), 1121–1147.  

[19]. Bangladesh Garment Manufacturers and 

Exporters Association. (2024). Annual report 

2023–2024. BGMEA.  

 

https://doi.org/10.1016/j.jom.2007.01.019

