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Abstract --- In this scientific article, an integrated production 

model is presented to face the problems faced by a company in the 

clothing sector, which has low productivity, much lower than the 

industry standard. For this, in the said model, the use of VSM as a 

diagnostic tool, the application of lean manufacturing tools (5S & 

Kanban), and systematic layout planning as a solution to the 

problems presented by the analyzed pajama manufacturing 

company. With the application of the proposed integrated model, 

it is planned to increase the company's competitiveness, increasing 

its productivity by 23.86% to reach the industry standard. 

Furthermore, after analyzing and comparing the simulation 

results in the Arena Simulator software of the current situation 

and the proposed integrated production model, an increase of 

30.61% in the company's productivity was observed. This result is 

due to increased efficiency and effectiveness, reduced waiting 

times, and transport waste. 

Keywords --- kanban, SLP, 5S, lean manufacturing, industry 

textile, clothing, productivity, SMEs. 

 

I. INTRODUCTION 

The manufacturing industry is the second largest sector of 
the Peruvian national economy since it participates in the GDP 
of 12.5%; in 2019, the textile and clothing industry was the third 
activity with the highest contribution to manufacturing GDP, 
equivalent to 6. 3 % [1]. The national textile-clothing industry is 
characterized for being the manufacturing activity that 
contributes the most to the generation of employment in Perú 
since it is responsible for hiring 26% of the employed Economic 
Active Population (EAP), representing 2. 3% nationally, which 
translates into 400,000 direct positions [23]. According to the 
last Industrial Census by the Ministry of Production, 99.5% of 
the companies registered are MSMEs [3]. In 2020, the 
manufacture of clothing registered a 55.6% drop compared to 
2019 due to the paralysis of the industry as a result of covid-19. 
In addition, some problems can be identified, such as low 
inventory turnover, production losses, imported garments at a 
lower price than in the local market, level of order fulfillment, 
and others. 

 The problems identified by the sources may be due to 
overproduction of garments, low stock turnover, reprocessing, 
delays in delivery times, waste of waiting times, and 
transportation in production. All these problems generate low 

productivity, low product delivery rate, a high percentage of 
shrinkage, and defective products. Nevertheless, the success 
stories show that the sector still has deficient processes, which 
generates low productivity, which is why it is of the utmost 
importance to continue investigating research that exposes these 
problems and how companies from different parts of the world 
have been able to improve. Their processes attack the root cause 
of their problems to find the best ways and tools to solve these 
setbacks. 

To visualize the impact of lean and SLP tools, the success 
story of a Peruvian investigation that proposes a model to 
optimize production based on the application of SLP and lean 
tools to increase productivity in footwear manufacturing SMEs 
was taken as a reference. Said conference paper exposes as the 
main problem the low productivity generated by deficient and 
non-standardized processes; after simulating in Arena the 
current scenario and the proposed model, an increase in 
productivity of 22.5% was obtained [4]. This article proposes a 
model that brings together solutions from different success 
stories; in this model, the implementation of SLP and different 
lean tools such as 5S, VSM, and Kanban are proposed. This 
scientific article is divided into five parts: Introduction, State of 
the Art, Contribution, Validation, and Conclusions. 

II. STATE OF THE ART 

A. Application Model of Lean Manufacturing Tools 

The main problems that SMEs are going through that affect 
productivity, and the level of service are long delivery times, 
high reprocessing flows, high scrap rates, waste of time, and 
delays in the production line. Therefore, implementing a model 
for applying Lean Manufacturing tools is necessary to improve 
working conditions, delivery management, production, safety, 
order, and efficiency to provide maximum value and minimize 
wasting time and resources. [5][6][7][8][9][10]. In this situation, 
applying the 5's, VSM, and Kanban tools are essential for 
diagnosing and reducing waste in the production process, cycle 
time, increasing order fulfillment, and increasing profitability. 
These techniques aim to improve working conditions, safety, 
production, and work environment, which are critical aspects of 
a clothing workshop. [5][9][11][12][13]. 

B. Plant Distribution Model Applying the SLP Methodology 
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The distribution of a plant is of the utmost importance in any 
company since a poor distribution of the plant can bring with it 
a large number of problems such as unused spaces, unnecessary 
movements and transport, low level of service, low productivity, 
over costs in material handling and very high delivery times [7 ] 
[8][9][18]. For all the problems mentioned above, they need a 
solution for which Systematic Layout Planning will be applied; 
SLP uses quantitative criteria that propose the best possible 
distribution [17]. With the implementation of Systematic Layout 
Planning, it was possible to identify improvements in the 
reduction of cycle time and order fulfillment, quickly responding 
to customer demands that are of vital importance to increase the 
profitability of the company [7][9] [18]. In addition, with the 
mapping of the activities of the supply chain, opportunities for 
improvement can be identified regarding the poor distribution of 
the plant, unused spaces, unnecessary transport, poorly located 
tools, and machines that end up negatively impacting 
productivity and the level of production services [18]. 

C. Increased productivity in manufacturing companies in the 

textile and clothing sector 

MSMEs in the textile and clothing sector often need help 
directly linked to productivity. Given this situation, work 
standardization is an ideal activity that helps mitigate the root 
causes identified, such as process disorganization, defective 
products, and waste of time. And transportation and poor quality 
of products. [12][ 18 ][ 19 ]. Likewise, these companies have a 
low level of service, that is, deficient delivery levels triggered by 
low productivity in micro, small, and medium-sized companies 
in the clothing industry. That is why applying an integrated 
model with different lean manufacturing tools is essential to deal 
with this problem. [11][18][19]. In order to measure the impact 
generated by the implementation of the proposed integrated 
model, it is important to use a tool that simulates the current 
scenario and the one improved by the proposed model. For this, 
it is recommended to use the Arena Simulator program for the 
validation stage [9][11][12].  

III. CONTRIBUTION 

A. Basis 

The present study reviewed forty papers on Lean 
Manufacturing techniques, SL P, and validation of models 
applied to case studies. Table 1 shows the comparative matrix of 
the components and scientific articles that correlate most with 
the tools applied in the proposed model.  

TABLE I.  COMPARATIVE MATRIX OF THE COMPONENTS OF THE 

PROPOSAL VS. STATE OF THE ART 

         

            Root cause 

Article 

 

scientific 

Waste of 

waiting time 

Waste in 

transport 

time 

Defective 

products 

Martin Collao -Diaz, 

et al. 2022 
5S 5S 5S 

Silvana Ruiz, et al. 

2019 
5S and SLP 5S and SLP 5S 

J. Montalvo-Soto, et 

al. 2020 

5S and 

Kanban 
kanban 

5S and 

Kanban 

Alberto Flores-

Perez, et al. 2022 
kanban kanban kanban 

Proposal 
SLP, 5S and 

Kanban 

SLP, 5S and 

Kanban 

5S and 

Kanban 

B. Model Components 

The model proposes using lean manufacturing and SLP 
techniques to increase productivity in an SME in the clothing 
sector; for this purpose, it has been divided into four 
components: diagnosis, contribution generation, and planning, 
implementation, and validation. 

Component 1: Diagnosis 

In the first phase, the current situation of the sector and the 
company will be studied; here, indicators are collected to 
compare the sector’s standard with that of the company find the 
technical gap. Once the technical gap was revealed, the problem 
was analyzed. For this, a time study was carried out in the 
clothing workshop; Value Stream Mapping was also used; this 
diagnostic tool helped to identify the processes that do not add 
value (waiting and transport times). Finally, for the analysis of 
the root cause, a problem tree, a confrontation matrix, and a 
Pareto diagram were elaborated. 

Component 2: Input generation and planning 

In this phase, a systematic literature review was carried out 
to identify the appropriate techniques to solve the problems 
found in the diagnosis. As a result, it was possible to study 40 
articles published in Scopus, international magazines, and 
official government pages, where they studied the case and 
proposed the best solutions to combat the problems exposed and 
how to apply these solutions in companies in the textile and 
clothing sector. Of all the articles investigated, 21 were chosen, 
which were the ones that had the most correlation with the 
investigation. 

Likewise, three typologies have been defined that help to 
group the articles with the most significant correlation and 
discrepancies with each other: Increased productivity in 
manufacturing companies in the textile and clothing sector, plant 
distribution model applying the SLP methodology, and Lean 
Manufacturing tool application model. After the analysis, 5s, 
Kanban, and SLP were selected to implement in the model. 

Component 3: Implementation 
In this phase, the selected tools were executed. The first 

technique selected was 5'S, which aims to improve working 
conditions, order, cleanliness, staff motivation, and the 
organization's productivity. With the tool above, improvements 
are proposed, such as 
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Fig. 1. MODEL PROPOSED 

 

implementing a tool board, adequate lighting, the order in the 
workplace and shelves, and a correct delimitation of the work 
areas with yellow adhesive tape on the workshop floor. The 
second lean tool used is Kanban; this tool separates the work into 
three blocks: to do, in progress, and done; To quickly identify 
the sequence of tasks, a board and Kanban production cards will 
be implemented for said tool. Finally, Systematic layout 
planning was used to better organize the workplace by locating 
high-frequency areas and processes and with close logistical 
relationships; with the help of SLP, the clothing workshop will 
be distributed to reduce the distances traveled and the times of 
transportation. To develop this tool, an analysis of the 
production flow, a flow diagram (spaghetti), a relational table of 
activities, and an analysis of spaces will be carried out, where 
the static, gravitation, and evolution surfaces are considered. 

Component 4: Validation 

Lastly, the validation aims to validate the impact of the 
techniques established in the proposed model. Arena Simulator 
was used to simulate the improved scenario after the 
implementation of the integral model and compare it with the 

initial scenario to show the results and feasibility of the action 
plan. Validation and the other three components above are part 
of the proposed method; see Figure 1 

C. Indicators of the proposed model 

The indicators planned to be improved in the proposed 
model are productivity, waiting times, defective products, and 
transport times. 

Productivity: This indicator is one of the leading indicators 
since, with it, we can measure the level of work of the 
organization. 

Productivity = Efficiency x Effectiveness 

Efficiency =    
Man − Hours workeds

Man − Hours estimated
 

 

Efficacy =    
Obtained products

Expected products



21st LACCEI International Multi-Conference for Engineering, Education, and Technology: “Leadership in Education and Innovation in Engineering in the Framework of Global 

Transformations: Integration and Alliances for Integral Development”, Hybrid Event, Buenos Aires - ARGENTINA, July 17 - 21, 2023.   4 

 

Fig. 2. SIMULATION OF THE CURRENT SITUATION 

 

Waiting times (%): This indicator shows the time wasted 
due to processes that do not generate value. The production 
process was timed to find this KPI, differentiating the added 
value times and the waiting times. 

Waiting time =    
Waiting time

Value added time + W. T + Trans. T
 

 

Transport times (%): This indicator shows us the time 
wasted moving materials or products from point "A" to point 
"B". It is considered that moving a good if it does not need 
processing is a waste of time since said transfer does not add 
value. 

Trans. Time =  
Transportation Time

Value added time + W. T + Trans. T
 

Percentage of defective products: This indicator measures 
the percentage of defective products in production.  

Defective product =
Defective products

Products obtained
 

IV. VALIDATION  

The Arena Simulator software has been used to quantify the 
improvements in the proposed HH variables; transport times 
traveled, and the number of defective products that directly 
impact the productivity of the process. This tool will be focused 
on simulating the implementation of the Lean Manufacturing 
model where the use of 5s, kanban, and Systematic Layout 
Planning is proposed. It should be noted that the simulation has 
been designed to contemplate different distributions for each 
activity, which have been calculated based on a time study in 
which the same activity was timed 30 times independently. 

With the effects of simulating the system, an analysis of 
sample times was carried out to find the ideal and adjusted 
distributions of each activity that could be the ideal inputs to 
carry out the simulation in Arena, which can be seen in Figure 
2. As seen in Table II, five indicators were proposed that directly 
attack the improvement of the leading indicator: the increase in 

productivity. First, regarding transport times, the simulation 
showed us an improvement of 2.68% after applying the SLP 
method. Secondly, applying the 5's and Kanban model, it was 
possible to improve the defective rate by almost 2%, achieving 
the estimated improvement. 

Third, waiting times were reduced by almost 10% by 
applying the same tools; for this case, the expected rate of 
improvement was also achieved. Finally, all these results 
directly impacted productivity improvement by up to 30.36%. 

TABLE II.  CURRENT SCENARIO RESULTS VS IMPROVEMENTS 

Indicators Current Scale To be  Improved Gets better 

Productivity 71.94% 95.80% 102.55% 30.61% 

Efficiency 76.49 88% 89.06% 12.57% 

Effectiveness 94.04 109.5% 115% 20.96% 

Transportation time 11.82% 7% 9.14% 2.68% 

Wait time 23.50% 10.00% 13.63% 9.87% 

% Defective products 5.96% 2% 3.97% 1.99% 

 

V. DISCUSSION 

After observing and timing the activities of the current 

situation, it was possible to determine the current times of both 

value-added, transport, and waiting time. Also, thanks to this, 

the corresponding statistical distributions could be found to 

carry out the simulation that corroborates the following 

indicators. For example, in the current situation, the clothing 

workshop managed to obtain 30 units of product in an 8-hour 

day. On the contrary, after simulating the proposed 

improvements, the number of finished products increased by 

eight units, resulting in a 33% decrease in defective products. In 

other words, it went from generating approximately 6% of 

defective products to 4% of defective products. 
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Regarding the leading indicator, productivity, initially, the 

company had productivity of 71.94%, which was planned to 

improve by 23.86% to reach the standard productivity of the 

sector, which was 95.80%. However, after the simulation in 

Arena Simulator, it was observed that after applying the 

integrated model based on the Lean Manufacturing tools (5S and 

Kanban) and SLP, not only the stated objective of the 

investigation was reached, but it was also exceeded since the 

productivity reached 102.55%, which is equivalent to an 

improvement of 30.61% over the current scenario. 

In addition, to carry out the validation through Arena, a 

study of the distribution of the workshop for SLP was made, in 

which the distances traveled of the complete production process 

of the current system were measured, resulting in 69.9 meters 

traveled. Therefore, the main reason for the extensive tour was 

the plant's distribution. However, after applying Systematic 

Layout Planning, it was validated how many meters would be 

reduced after a redistribution of the plant, in which the cutting 

and sewing area was exchanged. Said reduction was 35.05%, 

carrying out the same production process with only 45.4 meters 

traveled. 

One of the limitations found in the study is that not many 

article references were found that propose an integrated model 

based on lean manufacturing tools to increase the productivity 

of a company and that is validated with a pilot test; most of the 

articles they studied and proposed validation through simulation 

software such as Bizagi and Arena Simulator, which were 

improved in the present investigation. Therefore, based on the 

exposed limitation, there is an opportunity for researchers to 

develop the application of models and for these to be validated 

not only with simulation software but also for a pilot test to be 

carried out in the company in which it is going to analyze. 

 

VI. CONCLUSIONS 

It can be concluded that the application of an integrated 
model of lean manufacturing and Systematic layout planning 
achieved the main objective of increasing productivity in the 
MSME in the clothing sector analyzed since Arena Simulator 
validated that after the application of the 5S tools, Kanban and 
SLP in the company of the manufacturing sector, it was possible 
to increase productivity by more than 30%. 

It is also concluded that after the application of the Arena 
Simulator simulation tool, it was possible to validate the current 
scenario versus the improved one of the company under 
analysis, resulting in a circumstantial improvement of transport 
time by 2.68% and waiting time by 9.87%. Furthermore, 
defective products in 1.99%, thus impacting an improvement in 
productivity of 30.61%, achieving the objective. 

Although Lean Manufacturing and Systemaic engineering 
tools Layout Planning were the correct ones to mitigate the 
problems in the productive processes of the analyzed company, 
the diagnostic tools such as the Value streaming mapping, 
problem tree, and confrontation tables were of crucial 
importance to be able to identify the root causes which are 

defective products, waste of transportation and waiting times. 
With this analysis, it was possible to focus on 80% of the 
problems with the most significant impact. 

[1] REFERENCES 

[2] M. dlpd Peru, "Sectoral Research Study, Textile and Clothing Industry," 

December 2020. [Online]. 

[3] Government of Peru, "National Institute of Statistics and Informatics," June 

14, 2019. [Online]. Available: 
https://m.inei.gob.pe/media/MenuRecursivo/noticias/nota-de-prensa-

n105-2016-inei.pdf. 

[4] I.d. ee and. Sociales, “Textile and Clothing Industry,” March 2021. 

[Online]. Available: https://sni.org.pe/wp-

content/uploads/2021/03/Presentacion-Textil-y-confecciones-IEES.pdf. 

[5] Juan Carlos Quiroz Flores, & Martín Fidel Collao Díaz. (2022). 

Application of Lean Manufacturing Principles to Increase Productivity in 

SMEs Manufacturers of Baby Clothes., 2022 Congreso Internacional de 

Innovacion y Tendencias en Ingenieria, CONIITI 2022 - Conference 

Proceedings. https://doi.org/10.1109/CONIITI57704.2022.9953627. 

[6] AS and. FS Silvana Ruiz, “Optimized plant distribution and 5S model that 

allows SMEs to increase productivity in textiles,” LACCEI international 

Multi-conference for Engineering, Education and Technology, p. 15, 2019. 

[7] VR-OAF-PMC-D. Luis Canales-Jeri, «Lean model applying JIT, Kanban, 

and Standardized work to increase the productivity and management in a 
textile SME,» 3rd International Conference on Industrial Engineering and 

Industrial Management, IEIM 2022 - Barcelona, Spain, p. 6, 2022. 

[8] Coronel-Vasquez, J., Huamani-Lara, D., Flores-Perez, A., Collao-Diaz, M., 

& Quiroz-Flores, J. (2022). Logistics Management Model to reduce non-

conforming orders through Lean Warehouse and JIT: A case of study in 
textile SMEs in Peru. ACM International Conference Proceeding Series, 

19–24. https://doi.org/10.1145/3523132.3523136. 

[9] Z. Tanasic, G. Janjic, and M.y. KJ Sokovic, “Implementation of the Lean 

Concept and Simulations in SMEs,” University of Banja Luka, p. 14, 2022. 

[10] Cueto, G., Caldas, Y., Viacava, G., Quiroz, J., & Alvarez, J. (2020). Waste 
Reduction Model in a Small Clothing Company-Umbrella Model. In 

Advances in Intelligent Systems and Computing (pp. 994–1000). 

https://doi.org/10.1007/978-3-030-25629-6_154. 

[11] JM Kafuku, “Factors for Effective Implementation of Lean Manufacturing 

Practice in Selected Industries in Tanzania,” 16th Global Conference on 

Sustainable, p. 14, 2019. 

[12] Zamora-Gonzales, S., Galvez-Bazalar, J., & Quiroz-Flores, J. (2021). A 

Production Management-Based Lean Manufacturing Model for Removing 

Waste and Increasing Productivity in the Sewing Area of a Small Textile 

Company. 435–442. https://doi.org/10.1007/978-3-030-75680-2_49. 

[13] MM Omoush, "An integrated model of lean manufacturing techniques and 

technological process to attain the competitive priority," Growing Science, 

p. 15, 2020. 

[14] MT-GEC-MIM-J. Y. LC-R. Hugo Quispe-Roncal , “Combined model of 

SLP and TPM for the improvement of production efficiency in a MYPE of 
the Peruvian textile sector,” Latin American and Caribbean Consortium of 

Engineering Institutions, p. 10, 2020.PMJD-MM Pérez-Gosende, 

“Overview of Dynamic Facility Layout Planning as a Sustainability 

Strategy,” Journal Sustainability, p. 12, 2020. 

[15] VDPCJCAM &. SN Sergio Enrique Munive Silvestrea, “Implementation 
of a Lean Manufacturing and SLP based system for a footwear company,” 

Associacao Brasileira de Engenharia de Producao , p. 14, 2022. 

[16] JA-BCS-CRM-JIC-RL Montalvo-Soto, “Reduction of order delivery time 

using an adapted model of warehouse management, SLP and Kanban 

applied in a textile micro and small business in Peru,” LACCEI 



21st LACCEI International Multi-Conference for Engineering, Education, and Technology: “Leadership in Education and Innovation in Engineering in the Framework of Global 

Transformations: Integration and Alliances for Integral Development”, Hybrid Event, Buenos Aires - ARGENTINA, July 17 - 21, 2023.   6 

international Multi-conference for Engineering, Education and 

Technology, p. 14, 2020. 

[17] Kawakami-Arevalo, S., Veliz-Torres, M. S., Quiroz-Flores, J. C., & 

Noriega-Aranibar, M. T. (2022). Increased Productivity through a 
Production Model Based on Lean Manufacturing and SLP Tools in Small 

Furniture Manufacturing Workshops. In ACM International Conference 

Proceeding Series (Vol. 1, Issue 1). Association for Computing Machinery. 

https://doi.org/10.1145/3568834.3568873. 

[18] JERP and. ACC José Vásquez Médico, “Improved productivity indicators 
in a textile company through the synergy of Lean Manufacturing tools and 

socio-technical approach,” IEEE Conference , p. 11, 2022. 

[19] Daza-Moran, F. J., Ramirez-Alva, A. S. D., Quiroz-Flores, J. C., & Collao-

Diaz, M. F. (2022). Improving Service Level Performance By 

Implementing Lean Six Sigma in Smes of the Gaming Peripherals Industry 
in Peru: a Case Study. South African Journal of Industrial Engineering, 

33(2), 168–184. https://doi.org/10.7166/33-2-2710 


