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2. Abstract 

This research analyzed the problem of broken products that negatively affect retail construction finishing companies. 

For this reason, the study was conducted in a retail company in the mentioned sector. The main problem is broken 

ceramic tiles found throughout the logistics process. This company has a rate of product breakage of 2.15%, equivalent 

to 707,704.58 PEN in total cost and costs involved. The leading causes of this problem are poor storage and 

transportation of products 26.32% and inadequate control and handling of products 27. 03% and poor handling with 

the forklift 25.97%. A model was formulated under the Lean Manufacturing and warehouse management methodology 

divided into three stages for the implementation of the tools: "Order and Stability," which consists of the performance 

of the 5S combined with warehouse management tools, and "Planned Flow," which focuses on the implementation of 

SLP, and the last phase is called "Make Kaizen Flow" which focuses on the combination of standard work and the 

Kaizen Philosophy. Finally, through a simulation, it is determined that the application of this model reduces the main 

problem to 1.65% and allows standardizing activities and improving the order and distribution of the warehouse. This 

research will be an example for future implementations for companies in the retail sector of construction finishes. 

 

3. Keywords 
Lean Manufacturing, standard work, ceramic tiles, breakage. 

 

1. Introduction 
The retail sector worldwide is marketing millions of products per day, which demands complete care so that these 

products can arrive intact at their distribution (Barrientos-Ramos et al. 2020). This article highlights the importance 

of decreasing the number of damaged products in distribution centers and increasing the efficiency and resources 

needed in the retail sector. With the implementation of a methodological approach, the impact that this generates on a 

country's economy is made known. For example, in Peru, the retail industry represents 10.7% of the Gross Domestic 

Product and 25.8% of the national Economically Active Population (El comercio retail representa el 10.7% del PBI 

del Perú 2019). Within this sector, the ceramic industry grew by 12.36% in 2020 due to the great demand of the 

construction sector, which requires these products to finish the aesthetics of their projects. On the other hand, research 

based on statistical data from retail companies engaged in the retail marketing of products manages to receive 1.86% 

of defective products per year in their establishments (Vásquez Médico et al. 2018). Consequently, this evidences that 

the retail sector has certain types of limitations with the improvement of this indicator, making its profitability lower 

than planned. 

 

According to the bibliographic guides, the problem identified is that there is no constant and adequate quality control 

and a lack of standardized methods in the performance of the tasks. Consequently, the products are damaged in the 

warehouses. This problem has been identified in other research at a global level, such as in Latin American countries 

like Argentina, which indicates that in the retail sector of ceramic products, the percentage of defective products 

exceeds 2.89% in most of the companies in this area. The leading cause is the lack of implementation of tools for 
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quality control management in the delivery process, such as those provided by lean manufacturing. Likewise, in Asian 

countries such as China, many medium-sized companies in the retail sector receive defective product due to a lack of 

standardized work for the reception of the merchandise, which involves poor handling of materials in the process of 

opening containers, transfer to the warehouse, picking process and dispatch process. 

 

In the past few years, retail sector companies have had significant deficiencies in receiving the merchandise. The 

leading causes that were determined are poor storage and transport of products, inadequate control, and handling of 

the material, and inadequate handling with the forklift, which cause economic losses. A case study was chosen to show 

the problems faced by the ceramic tile retail sector due to inefficient merchandise control management. Therefore, to 

establish a solution, a warehouse management model was implemented under the Lean philosophy, such as work 

standardization, 5S, visual control, SLP, and Lean Kaizen. This case study was performed with the guidance of 

successful cases, with a significant similarity concerning the problems found in the literature review, demonstrating the 

need to propose an improvement in this sector. It should be noted that, in the articles reviewed, there is little 

information regarding the application of lean tools in the ceramic tile retail sector since it has been little researched. 

 
1.1 Objectives 
The main objective of this research is to reduce the percentage of broken ceramic tiles to 1.65% and, in turn, contribute 

to developing new tools to facilitate the logistics processes of a retail company. In this way, new methods are modeled 

to guarantee the reduction of broken products, cycle times, handling times, and improved warehouse management 

indicators, which is reflected in greater profitability for the company. It is also expected that the proposed model will 

be helpful for the implementation of continuous improvement and lean tools in the retail sector that sells construction 

finishes. 

 

2. Literature Review 
2.1. Lean warehousing (5s) 
The application of a Lean system allows for reducing time in some activities, consequently increasing productivity 

(Zamalloa-Menacho et al. 2022). A 5s methodology is a tool that originated in Japan with a systematic approach that 

increases efficiency through a set of 5 actions: sort, order, clean, standardize, and self-discipline; aimed at organizing 

the workplace (Silvério et al. 2020). This lean tool restores order in the arrangement of resources and reduces the 

degree of defective work. It is necessary to have specific, measurable indicators for the organization. Applying the 5s 

methodology reduces waste, improves productivity, and shows measurable results in a short time (Maksudul Islam et 

al. 2015). Applying Lean Warehousing, 5s, FEFO, SLP, OBC, slotting, and picking techniques to develop a model 

focused on analyzing the problem of non-conforming products in the warehouse, as a result, increased the productivity 

rate of the storage and picking processes by 33% and 27%, respectively (Figueroa-Rivera et al. 2021; Sanchez et al. 

2021). 

 

2.2. System Layout Planning (SLP) 
The System Layout Planning (SLP) allows finding a correlation by analyzing the logistical and non-logistical 

relationship between the operating units of the warehouse; in other words, this tool facilitates a new appropriate 

distribution for the work area (Baca et al. 2021). The utilization of the SLP tool and Lean tools reduces lead time and 

distances traveled for worker movements, representing a significant improvement for the overall efficiency of material 

flow that impacts several aspects, including increased production and cost reduction (Anchayhua et al. 2022; Brás and 

Moura 2021). In addition, this tool is a viable approach to solving the design problem because SLP seeks to identify 

the proposed alternative that best fits the institution's strategies and operating procedures (Pan and Yang 2021) 

 
2.3. Lean Kaizen 
The Kaizen methodology can be implemented in different sectors and used in improvement projects and performance 

evaluations (Bufogle 2020). Implementing Lean Kaizen uses Value Stream Mapping (VSM) to identify opportunities 

for improvement that are not achieved to determine at a glance, ensuring continuous progress in productivity and 

product quality based on Lean Manufacturing tools to identify and eliminate waste (Kumar et al. 2018). The 

methodology applied to implement Kaizen, such as Fishbone or Ishikawa diagrams to perform cause and effect 

analysis, resulted in savings in terms of money and time. A model on the ceramic finishing sector integrating Lean 

Manufacturing tools: 5'S and Kaizen Standardization; with those of Planning and Inventory Management achieving a 
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10% reduction in inventory and scraps and increasing the reuse of plates from 51.44% to 60.70% (Machuca et al. 

2021). 

 

2.4. Standardized work 
The implementation of standardized work is based on standardizing movements and actions, considering quality and 

safety to reduce cycle time and variation (Goshime et al. 2019). Standardized work is a lean tool that helps synchronize 

processes, reduce defects, and brings efficient methods for each type of operation, in other words specifying standards 

and establishing better methods and sequences for each process and employee. In conclusion, the standardization of 

work methods reduces the probability of failures, improves workflow, and motivates to learn from failures to discover 

alternative work method designs allowing higher productivity (Bragança et al. 2015). Work standardization is a set of 

actions that helps to analyze, improve, and control the process and leads to continuous improvement; identifying 

activities that do not add value to eliminate them through work standardization increases productivity by 6.5% (Mor 

et al. 2019). This tool provides short-term results with improved organizational performance, increased productivity, 

and reduced delivery times. 

 

3. Methods 
A model is developed through the literature review of the chosen scientific articles to improve the ceramic breakage 

incidence indicator. This model proposal generates value by applying Lean Manufacturing tools to solve the problem 

present in the case study. Below is the comparison matrix between the causes of the problem developed in the case 

study and state of the art (Table 1). 

 

Table 1. Comparison matrix of the causes developed in the case of study vs. the state of the art 

 
Causes 

Author and ref. 

Inadequate 

handling 

Low warehouse 

availability 

Cluttered work 

area 

Unnecessary 

routing 

Sanchez et al. 

(2021) 

Standardized work    

Anchayhua et al. 

(2022) 
   System Layout 

Planning 

Goshime et al. 

(2019) 

Standardized work    

Baca et al. (2021)    System Layout 

Planning 

Maksudul Islam 

et al. (2015) 

  5'S Methodology  

Pan and Yang 

(2021) 

 Warehouse 

management 

 System Layout 

Planning 

Figueroa-Rivera 

et al. (2021) 

 Warehouse 

management 

5'S Methodology System Layout 

Planning 

Silvério et al. 

(2020) 
  5'S Methodology  

Proposal Standardized work Warehouse 

management 

5'S Methodology System Layout 

Planning 

 
3.1. Proposed model 
The proposed model shown in Figure 1 demonstrates the implementation plan of tools that will improve the broken 

product indicator. This model uses a methodology that behaves as a process of expected inputs and outputs through 

lean manufacturing tools to reduce the central problem. 
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Figure 1. Proposed Model 

 
The model consists of 3 phases. First is the analysis of the current situation, which is based on the detection of the 

main pain points of the retail company through the development of a VSM diagram that, in turn, will allow a more 

detailed view of all the activities, times, and resources involved. The second phase is based on implementing the 5S, 

Standard Work, SLP, and Warehouse Management tools to define a work standard, control defective products, 

improve distribution and improve order in the warehouse. Finally, the third phase evaluates the tools used and the 

results that the application of the model will allow to achieve continuous improvement and ensure the reduction of the 

percentage of broken products, which is evidenced as the main problem of this research. 

 
3.1.1. Analysis of the current situation 
In this first phase, a detailed analysis of the current situation and the activities involved in relation to the main problem, 

which is the incidence of ceramic tiles breakage in the case study. For the analysis of each indicator that supports the 

problem, first of all, data must be collected throughout the time of operation of the distribution center that involves 

the mentioned problem, and information must also be gathered from the interview with the managers and heads of 

each area; then, a problem tree analysis must be carried out to find the causes, sub-causes and root causes that generate 

this problem. Once these causes have been obtained, a Pareto diagram is made to prioritize the leading causes to be 

corrected. Then a tree of objectives is made to identify the tools and methodologies to be implemented to develop the 

solution, the primary diagnostic tool for this study was the value flow map. In addition, the most relevant KPIs were 

analyzed, and a VSM was built to have a more general view of the logistics process and its relationship with the 

problem. 

 

3.1.2. Intervention 
The intervention is the second phase, which consists of three elements. The first is called "Order and Stability," which 

consists of implementing the 5'S methodology combined with warehouse management tools. This tool helps 

standardize work, eliminate waste and activities that do not generate value, and increase the availability of tools and 

machinery. Furthermore, the guidelines for order and cleanliness will be established throughout the warehouse, and 

personnel will be trained on the methodology and the actions to be taken. Also, implementing this tool, combined with 

inventory management, will reduce the inventory level and maintain an optimal environment for the picking process, 

avoid incidents, and maintain storage allocation policies. This phase begins by collecting and analyzing data through 

an audit and recording evidence and photos. Then, the first three S plus the warehouse management tools will allow a 

complete classification of the warehouse and the products with higher or lower rotation, products in stock and broken 

ceramic tiles of the picking process. In the same way, the tools to be used in all the processes involved in the warehouse 

will be classified as the state of the pallets and tools to perform the picking. Then, the products with lower rotation, in 

bad condition, and unnecessary items will be eliminated from the warehouse to generate more space inside the 

warehouse. For the last two S, warehouse cleaning policies, picking policies, control records, and routine guidelines 

will be defined to have an orderly and clean workplace with space for storage and to avoid excessive handling of 

ceramic tiles. Finally, order and cleanliness will be raised as a habit through constant monitoring through internal 

audits. 

 

The second element is "Planned Flow," which focuses on implementing Systematic Layout Planning (SLP) tool. This 

tool allows to have a new planned design of the work areas, has an exact location of the warehouses in transit, and 
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establishes the locations of each process in order to eliminate unnecessary routes, also with the data obtained from the 

identification of products with higher turnover is performed a redistribution of products in the warehouse. The 

proposed model focuses on solving distribution problems, reducing the distances traveled by the forklift, defining 

transit warehouses to avoid excessive handling of ceramic tiles and the efficient use of resources such as defining the 

ideal locations of the products in the warehouse as well as the optimal design of the warehouse. However, since the 

current design of the warehouse does not have an optimal storage method, they are only stored according to the criteria 

of the person in charge of each warehouse, which generated delays in the picking process and possible incidents, 

delays in carrying out the storage process and increased the use of the warehouse, which generated delays for the entry 

of the products and excessive handling of the material. 

 

The last element is called "Making Kaizen flow," which is based on the combination of standard work and Kaizen 

methodology. It can be stated that a good diagnosis, together with the standardization of the work, allows the 

improvement of processes and the quality of each of the products, as well as reducing the incidents of broken products. 

It should also be noted that it will reduce the time in each activity, increase quality controls and reduce the rate of non- 

conforming products. In this phase, an analysis of the activities involved, and the main causes will be carried out 

through the 5 Whys. After identifying the opportunities for improvement, the procedures will be reviewed. Policies 

and work methods will be generated to counteract these incidents with good practices and quality control in the 

activities that need it. A procedures manual will be developed for each deficient activity. Finally, the new procedure 

will be documented, and training will be provided to operators and personnel involved. Audits, follow-up, and 

continuous improvement will also be carried out. 

 
3.1.3. Evaluation 
The evaluation and validation of compliance with the objectives set out in the implementation were developed. In this 

phase, the initial and final indicators are evaluated under a simulation model of reality to demonstrate the impact 

generated by the proposal and ensure the model's current state. Audits will be conducted before and after implementing 

a pilot test to verify the feasibility and compliance of implementing the 5'S combined with warehouse management 

and Kaizen standardization. In addition to the pilot test, an analysis was performed using the SLP tool to determine 

the optimal warehouse area in transit. The indicators and formulas are shown below: 

 

Percentage of ceramic tiles breakage: This indicator is of primary importance to meet the objectives, and through 

the application of Lean tools, it is desired to reduce. Therefore, this indicator will be evaluated after the reception, 

after storage, after picking, and after dispatch. 
 

𝐵𝑟𝑜𝑘𝑒𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑎𝑟𝑒𝑎 (𝑚2) 
% 
𝐴𝑟𝑒𝑎 𝑜𝑜𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑠ℎ𝑖𝑖𝑝𝑝𝑒𝑑 (𝑚2) 

 

Forklift travel time with product: This indicator will allow determining the time in minutes of handling the forklift 

with the product; reducing this time will improve the leading indicator. 

 
� 𝑇𝑖𝑖𝑚𝑒 𝑜𝑜𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑡𝑟𝑎𝑛𝑠𝑜𝑜𝑒𝑟 𝑏𝑦 𝑜𝑜𝑜𝑟𝑘𝑙𝑖𝑖𝑜𝑜𝑡 𝑡𝑟𝑢𝑐𝑘 (𝑚𝑖𝑖𝑛𝑢𝑡𝑒𝑠) 

 
Picking cycle time: After the implementation of the standard work, this indicator should end the time in which an 

operator, on average, performs the picking activity, the reduction of this will improve the cycle time and demonstrate 

the effectiveness of the standard work, in turn, reduce incidents of breakage. 

 
� 𝑇𝑖𝑖𝑚𝑒 𝑖𝑖𝑡 𝑡𝑎𝑘𝑒𝑠 𝑜𝑜𝑜𝑟 𝑎𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑡𝑜 𝑝𝑖𝑖𝑐𝑘 𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (𝑚𝑖𝑖𝑛𝑢𝑡𝑒𝑠) 

 
5S accomplishment: This indicator represents the percentage of the pilot test where 5S is implemented and its level 

of accomplishment, considering the average of the 5S. A high level of accomplishment demonstrates the effectiveness 

of the implementation of this tool. In addition, it will help keep the warehouse tidy and clean and improve the 

performance of the activities involved. 
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% 𝐴𝑐𝑐𝑜𝑚𝑝𝑙𝑖𝑖𝑠ℎ𝑚𝑒𝑛𝑡 (1𝑠 + 2𝑠 + 3𝑠 + 4𝑠 + 5𝑠) 

5 
Unneeded product in the warehouse: This indicator refers to all products that, through the implementation of 5s and 

warehouse management, are classified as unnecessary products, such as discontinued products, products with very 

low turnover, unsold balances, defective products, and unnecessary items. Their classification and subsequent 

elimination from the warehouse or transfer to another area will improve the utilization of the warehouse and, in turn,  

improve the performance of related activities and, in the future, reduce unnecessary handling of products. 
 

𝑇𝑜𝑡𝑎𝑙 𝑢𝑛𝑛𝑒𝑒𝑑𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (𝑚2) 
% 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑖𝑖𝑛 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 (𝑚2) 
 

Percentage of pallets well-packed: This indicator represents the total number of pallets prepared for the shipment 

that has been packed correctly. Good product stowage and packaging directly reduce breakage and improve customer 

satisfaction by reducing the number of broken products shipped to the customer. 
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑜𝑜 𝑤𝑒𝑙𝑙 − 𝑝𝑎𝑐𝑘𝑒𝑑 𝑝𝑎𝑙𝑙𝑒𝑡𝑠 
% 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑜𝑜 𝑝𝑎𝑙𝑙𝑒𝑡𝑠 𝑠ℎ𝑖𝑖𝑝𝑝𝑒𝑑 
 

In-transit warehouse area: This indicator represents the warehouse area in transit in square meters where the product 

is moved prior to storage. Increasing the warehouse area in transit will reduce unnecessary transfers both in time and 

distance and excessive stacking that jeopardizes the integrity of the product. For its calculation, the delimited area is 

measured, and through the implementation of SLP, it is intended to improve. 

 
� 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑖𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑖𝑖𝑡 𝑎𝑟𝑒𝑎 (𝑚2) 

 
4. Data Collection 
Figure 2 shows the data collection flow and the elements collected, depending on the area involved; the three main 

areas for analyzing the information on the problem are the commercial area, operations, and warehouse. In addition, 

historical information, sales documents, sales reports, shrinkage reports, and new documents were collected through 

interviews with managers and supervisors. 
 

 
Figure 2. Relationship diagram of the data collection process 
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5. Results and Discussion 
5.1 Numerical Results 
This section presents the data obtained from the data collection. First, the percentage of broken products was quantified 

through the historical data obtained from the product area of the company, which had an annual average value of 

2.15% of the broken product in m2 over the total of products shipped in m2. This value is above the average shrinkage 

value in the retail sector, which is 1.60%, showing a technical gap of 0.55%. In monetary terms, this problem is 

quantified at approximately 797,704.58 PEN. Through the analysis of the shrinkage report made by the audit area, it 

is observed that the three leading causes that cause a high percentage of tile breakage incidents are inadequate stowage 

and transportation of products (26.32%), which includes poor management by the supplier and carrier to ensure the 

integrity of the load (Figure 3). 
 

 

Figure 3. The percentage shrinkage of broken ceramics of the company under study and the percentage shrinkage of 

the sector from January to October 2021 

 

Furthermore, the inadequate control and handling of the products (27.03%) due to the disorder in the warehouse, the 

lack of standardization of work when handling the products, and the absence of quality control mainly in the picking 

process, due to the nature of the product, incidents tend to occur frequently. Finally, it is identified that the excess 

handling time of the forklift is 15 to 20 minutes on average per purchase order received ready to be stored. The 

inadequate handling of products with the forklift (25.97%) includes the excessive handling of products, unnecessary 

loading trips, lack of space, and incorrect handling due to speed. 

 

5.2 Graphical Results 
Following are the graphs that are part of the model. These are the results of analyzing the current situation; measuring 

the results allows improvement. For example, the following graph shows the Value Stream Map of the company in 

which each activity, resource, time, and the main problem, the breakage of ceramic tiles, can be identified in detail 

(Figure 4). 
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Figure 4. Value Stream Map for the retail company 

 

Also shown are the graphs for the quantitative analysis of the problem, which is the economic impact in the company 

from January to October 2021 (Figure 5). 
 

 

Figure 5. Monthly economic impact 

 

5.3 Proposed Improvements 
The proposed improvements are better evidenced through the flow diagram of the proposed model. These allow 

achieving the desired objective of reducing the percentage of ceramic tiles breakage. 
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Figure 6. Flow diagram of the proposed model 

 

The company under study presented an initial situation with several opportunities for improvement. For example, 

applying the 5'S methodology improves order within the warehouse, eliminates unnecessary items, and, combined 

with warehouse management, generates space by sorting slow-moving products for transfer to another area. The 

application of SLP will generate warehouse space in transit, reducing excess product handling by having a delimited 

area for transfer after receiving. It will also allow the correct distribution of the warehouse to reduce product transfer 

distances with the forklift, which, in turn, will reduce product handling time. Finally, applying the standard work will 

directly impact the reduction of tile breakage incidents by generating a standard for the product reception procedure, 

the picking procedure, and the dispatch procedure for the correct packaging and storage of the products to be shipped. 

Figure 6 shows the work instructions for handling, storage, and conservation of products developed to reduce and 

comply with a work standard for the reception, picking, and dispatch process. Creating and implementing the 

Instructions for handling, storage, and conservation of the product have a more significant impact on the picking 

process since there were no instructions for those activities. In addition, following the instructions reduces the 

percentage of broken products when handling ceramic tiles correctly (Figure 7). 
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Figure 7. Instructions for handling, storage, and conservation of the product 

 

5.4 Validation 
5.4.1. Validation design and comparison with initial diagnosis 
For the 5'S pilot test combined with warehouse management and kaizen standardization, the validation method will 

be performed by comparing initial and final indicators obtained at the end of the implementation period. An analysis 

will also be performed to determine the optimal area for the warehouse in transit. The Arena software will be used as 

a validation method for the other tools in the model. However, being a simulation software, it has some limitations, 

such as the accuracy of the data obtained and collected. In addition, it does not consider external factors that may 

affect the duration of each activity and the implementation of the model. The controlled variables of the system 

(number of operators, number of forklifts, working hours, HH cost) and the uncontrolled variables (time of activities, 

percentage of defective products, the time between arrival and departure, and work order arrivals) were identified and 

defined. ). Likewise, all the elements belonging to the model, such as entities, attributes, and activities, must be 

defined. The results of the pilot test validation are presented in the following table 2. 

 

Table 2. Results of the indicators in the pilot test 

 

Indicators Current Expected Obtained 

5S accomplishment 0% 100% 90% 

Unneeded product in the warehouse 15% 0% 0% 

In-transit werahouse area 80 m2 200 m2 200 m2 

% Pallets well-packed 75% 100% 100% 

 

5.4.2. Simulation of improvement proposal 
The current situation and the proposed improvement were simulated in the Arena software. For calculating the 

samples, a confidence level of 95% and an average error percentage of 10% were considered. A total of 77 runs of the 

current situation and the proposed improvement of the whole logistic process were carried out: reception, storage, 

picking, and dispatch. After taking the times, the optimal distribution for each activity was defined through the input 
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analyzer, Lean Manufacturing tools were implemented in the improvement proposal, and an additional activity was 

added for the proper storage of products. As a result, the model shows the improvement of product integrity and 

reduced time and distances for the forklift transfer processes, which involves less time for handling the products. 

Quality control and work standards were also implemented for the reception and dispatch activity, evidenced in less 

standard time at the simulation's time. In addition, the leading indicator, the percentage of ceramic tiles breakage, 

decreased to 1.65%. 

 

Table 3. Results of the indicators in the pilot test 

 

Indicator I.C Original model I.C Improve model Variation 

(%) Average Minimum 

Value 

Maximum 

Value 

Average Minimum 

Value 

Maximum 

Value 
Picking cycle time 6.07 min 5.3 min 7.73 min 4.41 min 4.12 min 4.67 min 27.3% 

Forklift travel time 

with product 

18.5 min 16.2 min 23 min 12.1 min 10.5 min 13.7 min 34.6% 

Percentage of 

ceramic tiles 

breakage 

2.15% 0.0% 15.7% 1.65% 0.0% 12.9% 23.3% 

 

The Table 3 shows that with a 95% confidence level, the improved indicator of picking time and forklift transport 

time with product show a significant difference in the current model, so positive results are expected. However, for 

the primary indicator of breakage percentage, there is an overlapping of the minimum with the maximum, so it is 

necessary to compare the means. Furthermore, the output analyzer report obtained that for this indicator, the null 

hypothesis is rejected, so there is a significant difference. In other words, this indicator is reduced for the improved 

model. Through the statistical validation, it is evident that applying the tools under the improvement model helps 

improve the indicators related to the problem and reduces the percentage of breakage of ceramic tiles (Figure 8 and 

Figure 9). 
 

 

Figure 8. Simulation of the current situation 
 

 

 
 

6. Conclusion 

Figure 9. Simulation of the proposed model 

Implementing Lean manufacturing and Lean Kaizen methodology tools such as 5S, SLP, and Standard Work in 

conjunction with warehouse management allows positive results in a retail sector company that sells construction 

finishing products. After setting up the model and performing the simulation, the tile breakage indicator improves to 

1.65% of the total area of products sold, and the improvement of each indicator is related to the problem. This 

optimization translates into higher profitability for the company. In conclusion, the present research's objective was 

to improve the indicator of ceramic tile breakage, which is presented as the company's main problem under study. 
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