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Abstract. In the context in which spare parts trading companies are becoming increasingly 
competitive, the level of service is essential to be able to compete in the market. This indicator is 
affected by on-time deliveries, which are a key factor in meeting customer demand, as this determines 
customer satisfaction and thus has an effect on the company's profitability. For a company to deliver 
its products on time, the warehouse processes must work efficiently, making the picking process one 
of the most critical of them. It must also run a proper inventory procurement process to have stock on 
hand to fulfill customer orders. This case study focuses on increasing the level of service in a company 
that sells spare parts for mining, which was found to have a low service level of 66.1%, in contrast to 
the recommended level for the sector, which is 85.9%. Therefore, the implementation of the 5S 
methodology, Systematic layout planning, demand forecasting, and cycle counting are proposed as 
tools to solve the root causes of the problem. The main results indicated a reduction in picking times 
of 36.70%, an increase in demand forecast accuracy of 13.45%, and an increase in Inventory Record 
Accuracy (IRA) of 5.42%. 

1. Introduction 
Companies in the trade sector contribute significantly to the economy. According to this context, 

Micro, Small, and Medium Enterprises (MSMEs) represent 99.5% of the business sector, of which 
95.2% are microenterprises. According to this, 85.2% direct their activities to the trade and services 
sector [1]. Likewise, it is important to mention that the trade sector represents 10.2% of the Gross 
Domestic Product (GDP), and had a growth of 2.9% compared to 2018, in other words, more than 
306 thousand dollars [2]. This study uses a medium-sized company dedicated to trading spare parts 
for the construction and mining sector as a unit of investigation. On-time deliveries are directly related 
to the service level of the company and are an important factor to measure the proper management of 
warehouses and inventories. The problem that is evident in this company is late deliveries, which 
causes the company an economic loss cost of US$42 048 per year, which represents 6.86% of the 
company's total income. Implementation of a lean manufacturing and SLP-based system for a 
footwear company is previous work followed by a short paper called service level advancement with 
5S, SLP, demand forecasting, and cycle counting in a company, these tools are used as solution 
techniques to increase the service level of the selected spare parts trading company [3]. This research 
was carried out in the company NP27, a trading company of spare parts for the construction and 
mining sector. In addition, the main products sold by the company include down-the-hole hammers, 
drill bits, and drill rods among others. Being a company dedicated to the import, storage, and 
distribution of spare parts for the construction and mining sector, it is of the utmost importance to 
supply these companies in the equipment sector in the agreed time in order not to have low availability 
of their machinery and the timely delivery of assigned projects. Following the above, the orders arrive 
on the agreed date, for which, in collaboration with the general management of the case study 
company, the analysis of the order for the year 2020 was prepared, which indicates that there is a low 
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level of service due to the delivery of orders outside the date agreed with the client, which is at 
66.10%. According to an earlier study in an article, the sector of spare parts trading companies is at 
85.90% [4]. 

 
1.1 Lean warehousing 

 

In general, a warehouse that functions efficiently allows obtaining an optimal cost of service and 
an increase in the level of customer service [5]. Likewise, it was indicated that if the warehouse is not 
properly managed, it will incur higher costs for the company, and consequently, it will harm the 
delivery of products in the quantity and the period agreed with the customer [6]. Martins et al [7] 
mentioned that currently, many industries use the lean warehousing methodology to solve warehouse 
management problems since they do not require an excessive investment for its implementation. The 
vital objective of industrial companies is to improve efficiency in the warehouse to reduce the amount 
of inventory and improve the ability to meet customer demand [8]. Similarly, it was indicated that it 
is necessary to have a competitive advantage and make continuous improvements to product quality 
and improve safety in the company's environment, so one of the tools that allow to establish a highly 
efficient, clean, and safe work environment and thus achieve this goal is the 5S methodology [9]. On 
the other hand, it was pointed out that waste from warehouse processes is eliminated by using various 
lean tools like 5S [10]. Also, it was revealed that if it is necessary to maximize the use of the 
warehouse and review the storage locations, the 5S should be considered since this tool allows to 
obtain better results in conjunction with other lean tools [11]. In the case study, the implementation 
of the 5S methodology managed to maximize 12% of capacity concerning storage space. In addition, 
the lean methodology helped classify obsolete materials within the warehouse and the distance 
traveled by workers was reduced by 23% [12].  

On the other hand, the implementation of lean methodologies was carried out with 5S in a case 
study, which resulted in an estimated annual savings of US$53 726 per year and the picking process 
was more efficient, achieving a 25% reduction in time. Similarly, it was proposed that the use of 
techniques, such as Value Stream Mapping (VSM) and the time study, in which matrix tables are 
applied, layout redesign, and the elimination of activities that do not provide value. The main result 
of the implementation of this proposal is the improvement of productivity based on the reduction of 
the total picking time of 22.38%. In addition, by using the VSM technique, unnecessary waste and 
travel times that do not add value for the customer are eliminated, thus reducing the total picking 
time, which increases productivity by 23.24%. Likewise, it was proposed the use of the VSM tool in 
the warehouse of a leading paint manufacturer in India to reduce out-of-stocks and high lead times. 
The main result was that the lead time for deliveries to remote stations was decreased by 3.2 hours 
and the lead time for all deliveries was reduced by 58.5 hours [13]. Furthermore, a case study of the 
application of the 5S methodology for the improvement of the company's productivity was developed. 
The results indicate that the tool search time in the workplace has been significantly improved and 
the level of safety is increased. In addition, the 5S audit from its initial to the final stage has improved 
from 6 to 72 points [14]. 
 
1.2 Inventory management 

 

Conceicao et al [15] pointed out that there are problems in inventory management in companies 
of different industries, since, to meet customer demand, they must resort to out-of-schedule 
expenditures so as not to harm the company's service level and deliver the order to the customer at 
the agreed time. Similarly, it was noticed that companies are forced to stock a large number of items 
when they do not have a correct interpretation of demand, which generates high inventory costs and 
lost sales [16]. It is vital to calculate demand forecasts to make the right decisions to meet customer 
demand without having excessive inventory and achieve greater cash flow. Therefore, it is necessary 
to use appropriate forecasting models to balance demand and available inventory [17]. In addition, 
the trade-off of using cycle counting for annual inventory counting significantly affects the 
performance of the companies, as it does not properly correct the inventory records, thus failing to 
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meet customer demand on time [18]. In a case study, it was revealed that inventories are properly 
managed through the use of inventory techniques such as demand forecasting methods and the ABC 
analysis by 48%, which represents a reduction of US$386 614 of obsolete inventory [19]. A case 
study was carried out on poor inventory management due to a lack of knowledge for decision-making 
by owners in the supply process. As a main result, an accurate forecast was obtained that allows for 
minimizing inventory costs and thus managed to satisfy customer demand, by at least 14% compared 
to the classic Economic Order Quantity (EOQ) methodology.  

On the other hand, cost-based inventory was implemented by minimizing the MSE of the demand 
forecast. In addition, demand forecasting models based on exponential smoothing are usually 
optimized when employed as a cost function for parameter optimization. Therefore, high-
performance forecasts in terms of bias fall to some extent on how the forecasts are parameterized. As 
a result, substantial gains of 62% improvement were obtained [20]. The multicriteria ABC analysis 
to improve the efficiency of inventory management and improve the cost distribution of spare parts 
was proposed [21]. As the main result, it is obtained that 77.7% of the highest costs that the company's 
spare parts have been distributed in the first 84 of the 35 677 spare parts. A model was implemented 
on the low demand review optimization of the management of fast-moving spare parts goods. As a 
result, the risk of accumulating excess inventories with the new forecasts was minimized by 1.5 
million euros over three years. In addition, it was determined that 28% of spare parts with intermittent 
demand end up as dead stock, while 18% as excess stock [22]. 
 
1.3 Improvement of the warehouse layout 
 

Reis et al. [23] pointed out that for a warehouse to have satisfactory productivity, the design, 
warehouse operations, and material handling systems must be properly executed. Also, it was pointed 
out that warehouse design involves a large number of interrelated decisions that influence the 
functionality and processes of a warehouse, technical requirements, equipment space utilization, 
equipment layout, and others [24]. The industry has an efficient layout, adequate equipment, and the 
optimal number of people for each activity are key factors in increasing warehouse productivity, as 
distribution planning allows for reduced distances and order retrieval times [25]. Furthermore, if the 
warehousing process is not properly managed, this will have an impact on movement, waiting time, 
and transportation costs, as it can lead to higher time, distance, and internal transportation costs, and 
also affect the number of employees and transportation devices required for these activities [26]. 

Different methodologies were developed which consist of the use of the Systematic Layout 
Planning (SLP), 5S methodologies, and the Analytic Hierarchy Process (AHP) method in different 
manufacturing companies where the problem focuses on the inadequate use of space and high costs 
of movement and handling of materials and products. With the execution of the new model, 
reallocating is probable and increased the processes production by 40%, and also warehouse capacity 
utilization level of the warehouse is increased to 90% [27-29]. Five plant designs were proposed, of 
which alternative A5 obtained the highest ranking of 0.454 and is proposed for implementation. A 
study was conducted in a company supplying raw materials for the automotive sector, in which they 
found insufficient spaces in the warehouse due to inadequate warehouse management. New layouts 
were proposed, from which as the main result, it was obtained that when comparing the new proposed 
layout (warehouse A) with the old one, the proposed layout of warehouse A reduces the total picking 
distance of the same products from 1068 km to 1034 km, i.e., by 3.18% [30]. On the other hand, a 
rack system design to improve the warehouse management system was proposed. The main result of 
this article is the implementation of three types of design, from which they come to obtain the 
utilization of the storage area up to 40.05% [31]. Additionally, the authors proposed a mathematical 
model called Integrated Cluster Allocation (ICA) Policy that aims to minimize the retrieval time of 
picking systems based on product rotation and customer order affinity to solve the problem of high 
picking process times. The main result is a reduction of the total retrieval time by 40% [32]. 

This article was developed in five stages. In the first stage, a review of the literature on the 
proposed solution tools was carried out. In the second stage, the methodology for the implementation 
of these tools is explained. In the third stage, the validation of the mentioned tools was carried out by 
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conducting a pilot of the proposal in the company. In the fourth stage, the discussion and comparison 
of the results were carried out. Finally, the conclusions of the work and recommendations are 
developed. 

2. Methodology 
According to the literature review, it was found that, only few executions on demand forecasting, 

and cycle counting as an integrated model of service level improvement in companies of the same 
line of business, this is because the research of spare parts trading for the construction and mining 
sector is very small, so this research work contributes significantly to the increase further research. 
The development of the model and its components will be carried out in three stages as follows. 
 
2.1 Proposed Model 

 

The proposed model is based on the integration of 5S methodology, systematic layout planning, 
demand forecasting, and cycle counting, which are supported by lean warehousing, inventory 
management, and improvement of the warehouse layout typologies. This model was tested and 
validated through a pilot implementation in the warehouse of spare parts Peruvian company studied. 
However, these proposed models could be used in another engineering field where there was a 
warehouse with similar problems. Figure 1 shows the schematic diagram of the proposed model. 
 

 
 

Fig. 1. Proposal model 
 

2.2 5S and SLP methodologies 
 

This stage allowed to generate a change of culture in the warehouse picking process. Through the 
execution of 5S audits, it was possible to determine the level of culture that the company has regarding 
this methodology. This step is common in the 5S methodology since the implementation of this in 
many scientific studies has had favorable results and is very dynamic to use. In addition, this 
methodology is properly linked to the SLP methodology, hence it was considered to use both tools. 
As a first step, we began with the classification of the items in the warehouse and categorized them 
according to their characteristics using red cards, which were managed through a general register. In 
the second step, the SLP methodology was implemented through the development of the ABC 
analysis and the activity relationship diagram. Based on this, the warehouse layout was modified. As 
a third step, the scheduling of cleaning activities was developed, as well as the verification of their 
compliance. As a fourth step, the frequency of verification of 5S activities was established. The 
discipline policies that are the last step of the first stage in the proposed model, their discipline policies 
and standards were determined, as well as recognition actions for achievements and continuous 
training. Through the execution of 5S audits, it was possible to determine the level of 5S culture. In 
the pilot study, a score of 93 points was obtained, which improved the initial of 29. 
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2.3 Demand forecasting 
 

The data considered for the demand prediction covers the company's customer market, mainly 
spare parts for mining projects, which are located in Peru. It was based on the historic demand of the 
previous year. NP27 is the fantasy name (in substitution for the real name) of the company in which 
the pilot implementation was carried out. On the other hand, QL5, and QL6 are the families of spare 
parts marketed by the company, as well as DHD340, ROCK66, and drill rods. This stage involved 
the selection of the most demanded spare parts of the QL5 and QL6 families, from which the 2-month 
demand forecast was determined using different time series analysis methods. It should be noted that 
the Holt-Winters method was chosen as the forecasting method with the lowest Mean Absolute 
Percentage Error (MAPE).  

 
2.4 Cycle counting 

In this last stage, the calculation of the products to be counted per day was made employing the 
ABC analysis of the spare parts, from which 261 working days per year were considered. From this 
calculation, 2nd category A spare parts, 1st category B spare parts, and 1 category C spare parts were 
counted. It is worth mentioning that this count was carried out during the working hours of the 
warehouse personnel and those in charge will carry out the count through an inventory register for 
which the warehouse manager is responsible for its daily execution. 

3. Results and Discussion 
3.1 Description of the validation scenario 

 

The case study was carried out in a company that sells spare parts for the construction and mining 
sector, which is located in the district of Ate, in Lima-Peru. This company has more than 20 years of 
experience in the sector and works with well-known clients, such as Summa Gold Corporation, 
Stracon, and Pevoex Contratistas, among others. In addition, among the main products marketed by 
the company are down-the-hole hammers, drill bits, and drill rods, among others. These products are 
divided into 5 families, of which the QL5 and QL6 families represent 80.4% of the company's sales. 
The validation was carried out from January 2022 to April 2022 by performing a 5S audit. A time 
study of the picking process of 17 through a sample of 17 observations, the execution of a two months 
demand forecast of the most profitable spare parts, and the daily inventory count for 2 months. The 
validation was developed as a pilot plan in the company's warehouse since permission was obtained 
from the general manager and the participation of personnel from the warehouse area of the company 
under study. It should be emphasized that a previous meeting was held with the general manager in 
which the company's problems and the benefits of the solution tools to be used were explained, and 
also the costs and schedule for the implementation of the proposed tools were detailed and explained 
to the general manager, which led to his acceptance for the implementation of the project. 
 
3.2 5S and SLP methodologies 

 

For the validation of the 5S, the final audit of the 5S was carried out, to evaluate whether this 
culture was sustained over time. It should be noted that this evaluation is made up of the same 
questions asked in the initial diagnosis, which are related to each of the 5S. A score of 93 out of 100 
points was obtained, which is significantly higher than the initial situation. Figure 2 shows graphically 
the radar of the 5S audit implemented in the warehouse of the company under study. Similarly, the 
implementation of the SLP methodology has allowed the boxes of products to be properly located in 
the reception and dispatch area. It should be noted that these boxes were previously stored according 
to the worker's criteria and the space available in the area.  
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Fig. 2. 5S Audit radar 
 

Table 1. Picking process activities 
 

 

ID Activity 
A Review purchase order 
B Moves to order location 
C Remove boxes 
D Open the box 
E Check order quantity 
F Places ordered parts in a box 
G Checks the condition of the spare parts 
H Takes a photo of the condition of the spare parts 
I Close the box 
J The box is transported to the dispatch area. 
K The boxes are placed back in the initial location 

 
To validate the implementation of this tool, a time study of the picking process was carried out, 

in which an initial sample of 10 observations was taken to calculate the necessary number of samples 
to be taken for the calculation of standardized times. Likewise, this calculation is made with a 
confidence level of 95% and a margin of error of ± 5%. Table 1 reveals the activities of the picking 
process for which the length will be timed and Table 2 shows the initial time study of the picking 
process. Through the time recording of 10 observations, the calculation of the minimum size of 
observations was performed according to the activity with the highest Coefficient of Variability (CV), 
which corresponds to activity ‘I’. It should be noted that the atypical times present in the time 
recording were omitted for the calculation of the average time X̅. Subsequently, the calculation was 
performed as shown in Equation 1. 

 

N = �t x s
e x X�

�
2

= �2.262 x 0.9312
0.05 x 10.413

�
2

= 16.37 ≅ 17 observations                                                   (1) 
 

Therefore, it is concluded that the minimum sample size will be 17 observations. Likewise, for 
the calculation of the observed time, the lower and upper limits must be considered, which will be 
calculated as shown in Equation 2. 

 

CL = X� ± (X� ∗ k)                                                                                                                         (2) 
 

Where k= precision level of 18%. 
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Table 2. Initial time study 
 

 

ID Average 
Time [min] S CV g t 

A 10.984 0.8762 0.0798 9 2.262 
B 19.397 1.2437 0.0641 7 2.365 
C 36.133 1.0296 0.0285 7 2.365 
D 17.318 0.9461 0.0546 9 2.262 
E 12.500 1.0820 0.0866 9 2.262 
F 19.673 1.3007 0.0661 9 2.262 
G 16.354 0.9395 0.0574 9 2.262 
H 3.418 0.2840 0.0831 9 2.262 
I 10.413 0.9312 0.0894 9 2.262 
J 16.713 1.4909 0.0892 9 2.262 
K 23.486 1.3696 0.0583 9 2.262 

 

It is important to emphasize that the average time was found without considering the outlier times 
within the observations, being those times that are notoriously far from the mean of the times. Table 
3 indicates the calculation of lower and upper limits to find the observed time. 

 

Table 3. Observed time calculation 
 

 

ID Average Time 
[min] LCL UCL Observed 

Time [min] 
A 11.333 9.293 13.373 11.333 
B 19.465 15.961 22.968 19.465 
C 36.303 29.769 42.838 36.303 
D 10.853 8.900 12.807 10.853 
E 8.879 7.281 10.477 8.879 
F 19.980 16.383 23.576 19.980 
G 16.442 13.482 19.401 16.442 
H 3.433 2.815 4.051 3.433 
I 10.405 8.532 12.278 10.405 
J 16.081 13.186 18.976 16.081 
K 23.198 19.022 27.374 23.198 

 

Table 4. Standard time calculation 
 

 

ID Observed 
Time [min] V.F. Normal Time 

[min] 
Allowances 

[%] 
Standard 

Time [min] 
A 11.333 1.00 11.333 9 12.353 
B 19.465 1.00 19.465 9 21.216 
C 36.303 1.00 36.303 9 39.570 
D 10.853 1.03 11.179 9 12.185 
E 8.879 1.03 9.145 9 9.968 
F 19.980 1.03 20.579 12 23.049 
G 16.442 1.03 16.935 9 18.459 
H 3.433 1.00 3.433 9 3.742 
I 10.405 1.03 10.717 9 11.682 
J 16.081 1.03 16.563 12 18.551 
K 23.198 1.00 23.198 9 25.286 

Total time [min] 196.062 
Total time [h] 3.268 
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Since there are no times outside the lower or upper limits, the average time is equal to the observed 
time for all activities. On the other hand, to calculate the Normal Time, the Valuation Factor (VF) is 
calculated using the wasting house method for each activity. In addition, to calculate the Standard 
Time, the percentage of allowances is calculated for each activity. Table 4 shows the calculation of 
the Standard Time of the picking process. According to Table 4, the total standard time was 196.062 
minutes, i.e. 3.268 hours for the picking process. Figure 3 shows graphically the comparison between 
the result of the picking process time and the target value [8]. 

 

 
 

Fig. 3. Comparison of results of picking process time and target value 
 

3.3 Forecasting demand 
 

For this proposal, the pilot plan was considered as a validation method. The percentage of MAPE 
obtained in the results enabled the Holt-Winters method to be chosen as the appropriate method for 
demand forecasting (<10%), so this allows the forecasts to be more accurate and give a better result 
for the implementation of demand forecasting. In the development of this tool validation, the forecast 
of the 6 most representative products of the QL5 and QL6 families was carried out, according to the 
ABC analysis, with the Holt-Winters method being the forecast with the lowest MAPE. In this 
validation, the forecast for March and April 2022 was developed. Table 5 shows the comparison of 
demand and forecast for the 6 spare parts in March and April 2022. In addition, Table 6 shows the 
percentage accuracy of the Holt-Winters forecast for March and April for the 6 spare parts. On the 
other hand, Figure 4 shows graphically the comparison between the forecast accuracy obtained and 
the target value for this study, which was 85% [16]. 

 
Table 5. Forecast accuracy by SKU 

 
 

SKU Demand Forecast 
March April March April 

1541 - QL6 - 6EVD 156 48 34 41 27 
4011 - QL6 - 12 153 30 30 25 24 
4011 - QL6K 26 18 18 14 
1540 - QL5 - 5HVMR 45 32 36 25 
4011 - QL5 - 13 - W 22 24 16 22 
4011 - QL5E - W 28 25 20 21 
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Table 6. Forecast accuracy by SKU 

SKU Forecast 
Accuracy [%] 

1541 - QL6 - 6EVD 156 82.0 
4011 - QL6 - 12 153 82.2 
4011 - QL6K 74.5 
1540 - QL5 - 5HVMR 79.7 
4011 - QL5 - 13 - W 83.1 
4011 - QL5E - W 76.5 

 

 
 

Fig. 4. Comparison of forecast accuracy and target value 
3.4 Cycle counting 

For the validation of this tool, it was proposed to carry it out through the pilot plan, in which a 
sample of 4 SKUs per day will be chosen like 2 of category A, 1 of category B, and 1 of category C. 
Given that there is a total of 61 SKUs, the inventory will be turned in a total of approximately 15 
days, so that every 2 weeks a change in the IRA indicator will be reflected through the use of the 
cycle count. It should be noted that the implementation of this tool began in the period from March 
to April, where the first count was performed on March 1. After turning the inventory, the first IRA 
indicator of the current situation was obtained on March 17. Table 7 shows the percentage of IRAs 
over this period. As can be seen, the IRA indicator showed a positive trend with an increase of 88.47% 
on the last date of April. Figure 5  shows graphically the comparison between the performance of the 
IRA during March and April and the target value for this study, which was 91% [18]. 

 
Table 7. Inventory record accuracy by each count date 

 

Spare Part 
Family 

Inventory Record Accuracy [%] 
17th March 4th April 25th April 

QL5 80.34 89.40 83.70 
QL6 81.68 83.23 86.88 
DHD340 82.15 83.22 90.56 
ROCK66 72.87 83.70 94.12 
Drill rods 80.20 86.38 87.08 
Average 79.45 85.19 88.47 

 

After developing the validation of the tools, a comparison of the situations before and after the 
implementation of the proposed tools with the target values will be carried out to verify the success 
of this study. Table 8 presents the comparison results of the indicators obtained from the 
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implementation of the proposed tools. It can be seen that the result obtained in the picking time 
exceeded the expectations of the target value. On the other hand, the results of the service level 
indicator and the IRA indicate that a considerable improvement was obtained. However, it does not 
reach the expected value of the project. 

 
 

Fig. 5. Comparison of IRA according to each count date and target value 
 

Table 8. Comparative indicators 
 

 

Solution Technique Indicator Unit As-Is 
Value 

To-Be 
Value 

Result 
Value 

5S and SLP Picking time (h) 5.16 4.13 3.27 
Forecasting demand Service level % 66.10 85.00 79.68 
Cycle counting IRA % 83.05 91.00 88.45 

 
3.5 Picking time 

 

In the case of picking time, the result was a reduction from 5.16 to 3.27 hours, i.e. 36.71%. This 
was possible because there was no major resistance to change on the part of the warehouse personnel, 
since they were aware of the problems of delay in the picking process and the consequences that it 
entailed, such as delays in the delivery of orders to the customer. In addition, the layout redesign 
through the relocation of racks and furniture within the warehouse was advantageous, since it was 
possible to relocate the spare parts appropriately in the corresponding racks through the ABC analysis 
and this allowed the excess of boxes within the warehouse aisles to decrease considerably, which 
facilitates the forklift to move through the warehouse fluidly and, consequently, to reduce the picking 
time. 

In addition, through the application of the 5S and SLP tools, picking times in the warehouse were 
considerably reduced, and as a result, deliveries were made to customers on time. Table 9 shows the 
comparison of the initial situation and the implementation of the 5S and SLP methodology. According 
to Table 9, the total picking process time was reduced from 5.16 hours to 3.27 hours or 36.71%. In 
addition, it can be observed that 3 activities managed to reduce more than half of their time, which 
are the removal of boxes, transportation of boxes to the dispatch area, and placing the boxes in the 
initial location. This is because by implementing the SLP methodology and the ABC analysis it was 
possible to locate the spare parts according to their rotation, which reduced the number of boxes in 
the aisles of the warehouse. After all, there was no space to store them due to the lack of a storage 
policy. Similarly, some activities increased in percentage terms by up to 23%. However, this does not 
represent more than 3 minutes of variation, unlike the activities mentioned above, which had a 
reduction of up to 54 minutes.  Figure 6 shows graphically the comparison between the picking time 
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before and after the implementation of the SLP methodology and the target value, which was a 
reduction of 20%, that is, to 4.13 hours [8]. 
 

Table 9. Before and after time evaluation 
 

 

Activities 
Time [min] 

Before After Variation 
[%] 

Review purchase order 10.978 12.353 12.53 
Moves to order location 35.128 21.216 -39.60 
Remove boxes 93.416 39.570 -57.64 
Open the box 16.495 12.185 -26.13 
Check order quantity 12.191 9.968 -18.23 
Places ordered parts in a box 19.584 23.049 17.69 
Checks the condition of the spare parts 15.732 18.459 17.34 
Takes a photo of the condition of the spare parts 3.054 3.742 22.54 
Close the box 9.923 11.682 17.72 
The box is transported to the dispatch area 41.086 18.551 -54.85 
The boxes are placed back in the initial location. 52.179 25.286 -51.54 
Total time [min] 309.766 196.062 -36.71 
Total time [h] 5.163 3.268  

 

 
 

Fig. 6. Comparison of picking process time before and after 5S with  
SLP implementation and target value 

 

3.6 Forecast accuracy 
 

In the case of the demand forecast result, it was not possible to achieve the target value because 
there is high variability in the demand of customers who are not subject to contract so adapting a 
forecast with efficient accuracy is complicated. In addition, it should be considered that the execution 
of the demand forecast using MINITAB software is a new method of forecasting customer orders 
since the company carries out the supply of products through the review of historical sales (moving 
average method) according to the manager's criteria. Consequently, there was resistance to the 
implementation of this tool, hence, despite obtaining an improvement in the accuracy of the demand 
forecast, the expected result was not achieved. However, a considerable improvement in service level 
of 13.58% was obtained through the use of Holt-Winters forecasting, which allows us to meet 
customer demand efficiently. Figure 7 shows graphically the comparison between the service level 
before and after the implementation of the demand forecast and the target value. 
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Fig. 7. Comparison of service level and target value 
 

3.7 Inventory record accuracy 
 

In this case, it is important to mention that the company carries out its inventories once a year, so 
the implementation of cycle counting was a new change in the company. Consequently, the 
warehouse personnel did not manage to adapt adequately to this new work task incorporated into their 
work, given that the implementation period for this tool was two months (March and April), so the 
expected value was not achieved in that period. Notwithstanding, a considerable improvement in the 
level of service of 7.95% was obtained through the implementation of cycle counting. Eventually, 
this indicator will increase until it exceeds the target value. Figure 8 shows the comparison between 
the inventory record accuracy before and after cycle counting and the target value. 

 

 
 

Fig. 8. Comparison of IRA before and after cycle counting and target value 

4. Conclusions 
The case study company NP27 presents a problem of low service level, which was determined 

through the analysis of the orders dispatched on time, in which the company is at 66.1%, being the 
level of the spare parts trading sector of 85.9%. The low service level was caused by unproductive 
times and stock-outs; the main root causes were inadequate physical layout distribution, disorder and 
disorganization, inadequate demand forecasting, and inadequate inventory counting. However, 
according to the characteristics of the case study, such as implementation time, investment, suitability, 
and difficulty, the research team determined its solution an improvement focused on the 5S 
methodology, the SLP methodology, demand forecasting, and cycle counting. 
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The 5S and SLP methodologies were developed as an integrated model, initially obtaining a score 
of 29 out of 100 points through the implementation of a 5S audit, and then applying the layout 
redesign with the component of ABC analysis by families, relational diagram of activities, and 
relational table of activities. Once the tools were implemented, a final audit was carried out, obtaining 
93 out of 100 points, and a time study was also carried out for the picking process, reduced from 5.16 
hours to 3.27 hours. Regarding demand forecasting, after analyzing the different types of forecasting, 
it was determined that the Holt-Winters method, due to its lower MAPE, was the most representative 
of the sample considered. An improvement in the demand forecast was obtained from 66.10% to 
79.55% using this method. In the case of cycle counting, the number of products to be counted per 
day was calculated using ABC analysis. It was determined that every 15 days the entire inventory is 
turned and in the validation, the IRA indicator was increased to 88.47% through the use of this tool. 

Finally, this study has considered the implementation of 5S, SLP, demand forecasting, and cycle 
counting tools to raise the overall service level of the company. In the case of demand forecasting, 
the 6 spare parts with the highest representation, i.e., the highest turnover and revenue, have been 
chosen. From these spare parts, the Holt-Winters method was applied for the development of the 2-
month demand forecast. Based on this, for future research, it is suggested to apply this forecasting 
method to the entire inventory. This will further increase the service level and effectively meet 
customer demand. In addition, it is important to emphasize that the SLP methodology was 
implemented in the main warehouse of the company, but there are 2 other warehouses, which are 
smaller in size. For future work, the application of this technique in these warehouses should be 
considered, since they have the same problems of disorder and disorganization, as well as poor 
physical layout distribution. 
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