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Abstract 
 
The environmental sanitation company analyzed in this study experiences service interruptions caused by equipment 
failures and stockouts, within a context in which the global average service cancellation rate reaches 31.9%, according 
to IBISWorld (2023). The objective of the study was to improve service level and operational continuity through the 
integrated implementation of Total Productive Maintenance (TPM) and an EOQ-based replenishment model with 
safety stock and reorder point for critical supplies. Methodologically, failures and cancellations were diagnosed, 
reliability indicators (MTBF, MTTR, and availability) were calculated, a preventive and autonomous maintenance 
plan was designed, and the EOQ, safety stock, and reorder point parameters were determined. The proposal was 
validated through dynamic simulation in Arena, using a statistically determined number of replications. The results 
show an increase in service level from 87.0% to 92.7%, an improvement in inventory compliance from 83% to 98%, 
and a reduction in stockouts from 4.11 to 2.92 per replication. The main contribution of the study is an integrated and 
replicable TPM–EOQ model, validated through simulation, for service companies that are highly dependent on 
equipment availability. 
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1. Introduction  
The environmental sanitation and pest control industry plays a strategic role in protecting public health, ensuring food 
safety, and maintaining the operational continuity of sectors such as agriculture, agro-exports, hospitality, 
manufacturing, and retail, by preventing infestations and regulatory sanctions that may generate significant economic 
losses. Globally, the pest control services market was valued at approximately USD 25 billion in 2023, with a projected 
compound annual growth rate of 5% through 2028 (Grand View Research, 2024), highlighting a sector in expansion 
and closely linked to the competitiveness of regulated production chains. 

However, significant inefficiencies still persist. IBISWorld (2023) estimates an average service cancellation rate of 
approximately 31.9%, reflecting the sector’s vulnerability to operational failures, logistical miscoordination, and 
insufficient resource management. The Peruvian company analyzed in this study, with 17 years of experience and a 
client portfolio composed of 90% industrial customers, reports a cancellation rate of 7.6% (40 canceled services) and 
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a service level of 92.4%, compared to the 98% benchmark considered as the sector reference standard and shown in 
Figure 1, resulting in a technical gap of 5.6 percentage points in service level (Rentokil, 2022). In addition, in 2023 
the company recorded 60 rescheduled services, equipment availability of approximately 50%, and a stockout rate of 
17%, generating an annual economic impact of S/ 70,752 due to unperformed services and idle time. 

 

Figure 1.  Problem Tree 

From an academic perspective, although there is extensive literature on Total Productive Maintenance (TPM) and 
inventory models such as Economic Order Quantity (EOQ) in manufacturing contexts, a gap remains in their 
integrated application within environmental sanitation service companies, as well as in studies that jointly examine 
their effect on service level, equipment availability, and economic losses. Within this framework, the objective of this 
research is to design and validate an integrated model of TPM-based preventive maintenance and EOQ–reorder point–
safety stock inventory management in order to increase equipment availability, reduce stockouts, and improve service 
level. The research question guiding the study is: how can an integrated TPM and EOQ model improve operational 
continuity and reduce the economic impact of cancellations and rescheduling in an environmental sanitation company? 

1.1 Objectives  
• To increase the company’s service level through the implementation of effective maintenance strategies, as 

well as by optimizing inventory management under an inventory control model. 
• To design and implement strategies aimed at significantly reducing the stockout rate, ensuring the timely 

availability of essential supplies for fumigation services and decreasing the incidence of cancellations caused 

by this issue. 

• To implement maintenance tools in order to achieve greater equipment availability. 

• To analyze the economic feasibility and sustainability of the implemented strategies by quantifying their 

results in terms of operational savings, reduction of costs associated with cancellations, and improvement in 

the company’s overall profitability. 

2. Literature Review 
The literature on inventory management supports the use of the Economic Order Quantity (EOQ) model, reorder point 
(ROP), and safety stock as effective quantitative tools for reducing costs and ensuring the availability of supplies, 
even under irregular or intermittent demand. In a hardware and software company, the combined ABC–EOQ approach 
reduced holding and ordering costs, increasing profitability by 48% (Emar et al., 2021).  
 
In a Peruvian metalworking company, the integration of Croston forecasting, simulation, and EOQ reduced inventory 
costs by 22.6%, while ensuring the supply of critical items (Jiménez Ayhuasi & Taquía Gutiérrez, 2023). Extensions 
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of the EOQ model for deteriorating products or systems with backorders have shown that it is possible to satisfy up 
to 90% of unmet demand and minimize losses due to unrealized sales (Girija Bai et al., 2021; Patriarca et al., 2020), 
while hybrid ABC–XYZ approaches for sizing safety stock have reduced total costs by more than 15% while 
maintaining service levels above 95% (Demiray Kırmızı et al., 2024). Taken together, these studies show that EOQ, 
ROP, and safety stock can reduce stockouts by between 20% and 40% (Lok et al., 2022). 
 
In parallel, the maintenance literature confirms that the adopted strategy has a direct impact on equipment availability 
and on indicators such as MTBF and MTTR. The combined application of TPM and Lean tools reduced non-
contributory time by 25% in a construction company, increasing machinery availability and reducing delayed work 
orders (Cabrera et al., 2023), while a real-time model based on TPM, Lean, and Industry 4.0 achieved 88.6% 
availability in conveyor belts (Mendes et al., 2023). 
 
In the energy sector, the integration of TPM with predictive maintenance increased MTBF, reduced MTTR, and 
improved the availability of critical assets (Fonseca Junior et al., 2017; Zúñiga et al., 2020). Other studies show that 
the transition from corrective to preventive maintenance can increase availability by 10% to 15% (West et al., 2024), 
and that the structured deployment of TPM raises productivity by 5% to 10%, reduces non-contributory time by 20–
25%, and decreases human error by more than 70% (Reyes et al., 2018; Babaeimorad et al., 2024; Castro et al., 2024). 
 
3. Methods 
The proposed solution is grounded in the principles of continuous flow, adapted to the specific needs of an 
environmental sanitation service company. This approach seeks to minimize operational disruptions that lead to 
service cancellations or rescheduling, ensuring an efficient and synchronized process across all key stages. To achieve 
this, three elements are integrated: the application of Total Productive Maintenance (TPM) through a preventive and 
autonomous maintenance plan to increase the availability and reliability of fumigation sprayers; the implementation 
of a replenishment model based on EOQ, reorder point (ROP), and safety stock to ensure the timely availability of 
critical supplies; and the use of historical data on services, failures, and inventory consumption as inputs for calculating 
reliability indicators and inventory parameters. Finally, the proposal is validated through discrete-event simulation in 
Arena, which makes it possible to assess the combined impact of these tools on service level, stockouts, and operating 
times in a controlled and replicable environment (Figure 2). 
 

 
 

Figure 2. Operational Model to Improve Productivity 

Total Productive Maintenance (TPM) will be used in this research as the main tool to increase the availability and 
reliability of fumigation equipment by reducing failures and downtime. Rather than being limited to corrective 
maintenance, a structured scheme based on three specific pillars will be implemented: 
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• Preventive maintenanceo: Maintenance frequencies and scheduled interventions will be defined according 
to MTBF and equipment criticality for inspection, cleaning, adjustment, and spare parts replacement, with 
the aim of reducing severe failures and lowering MTTR. 

• Autonomous maintenance: Operators will take responsibility for basic daily tasks such as cleaning, 
lubrication, and visual inspection by following standardized checklists, allowing early detection of anomalies 
and preventing minor issues from becoming breakdowns that lead to cancellations or rescheduling. 

• Personnel training: Training sessions will be developed for operators and technicians, focused on the proper 
use of equipment, execution of TPM routines, and completion of maintenance records, with the objective of 
improving maintenance discipline and the traceability of interventions. 

Taken together, the implementation of these pillars is expected to increase equipment availability, reduce the 
frequency of failures during service execution, and directly contribute to improving the company’s service level. A 
more detailed representation of their implementation is shown in Figure 3. 

 
 

Figure 3. TPM Diagram 

In parallel, an EOQ-based replenishment model is implemented. The process begins with the analysis of historical 
demand and supplier data, applying linear regression to forecast consumption. The Economic Order Quantity (EOQ) 
is then calculated by considering annual demand, ordering cost, and holding cost. 

Based on this, safety stock is determined according to demand variability and lead times, and the reorder point (ROP) 
is established as the inventory level that triggers a new order. 

 

 

Subsequently, suppliers are contacted and evaluated through a criteria matrix considering punctuality, cost, and 
quality. After supplier selection, the EOQ model is implemented with continuous monitoring of inventory levels and 
demand fulfillment. Operational data are then collected to assess the effectiveness of the model and make adjustments 
to ensure its alignment with the company’s efficiency and availability objectives. All of these elements are reflected 
in Figure 4 below. 
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Figure 4. EOQ Replenishment Model Diagram 
 

The main indicators considered for the development of this project are presented in Table 1. 
 

Table 1. Performance Indicators 
 

Indicator Formula 
Stockouts Occurrences 
Service Level Services completed / Services scheduled × 100 
MTTR (Σ repair times) / (number of repairs)  
MTBF (Σ operating times) / (number of failures) 

 
4. Data Collection 
For this research, the unit of analysis is the fumigation service requests in a typical month, during which the company 
schedules an average of N = 44 visits per month. Since this is a finite and known population, the finite population 
sample size formula was applied: 

𝑛𝑛 = �𝑁𝑁.𝑍𝑍2.𝑝𝑝.𝑞𝑞�
�(𝑁𝑁−1).𝑑𝑑2+𝑍𝑍2.𝑝𝑝.𝑞𝑞�

   

Where: 

• Using:  
• N = 44 visits 

• Z = 1.96 (95% confidence level) 

• p = 0.5 (maximum variance) 

• d = 0.05 (precision) 

By substituting these values into the formula, a result of n = 39.57 is obtained, which is rounded to n = 40 service 
requests, thereby defining the sample size to be analyzed in order to adequately represent the company’s operational 
behavior over a typical month. 

The input data used for the analysis come from a comprehensive time study conducted in the company, in which the 
duration of the entire fumigation process was measured. In addition, two critical aspects were evaluated: the 
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interarrival time of fumigation service requests and the travel time required for personnel and equipment to reach the 
locations where the service was to be performed, as shown in Table 2. 

Table 2. Table of Times 
 

Activity Distribution Expression 
Interarrival Time Uniform UNIF (205, 489) 
Fumigation Time Triangular TRIA (36, 222, 239) 
Travel Time to and Return 
from Headquarters 

Normal NORM (40.5, 8,68)  

 
In addition, historical data on failures, repair times, and stockouts will be used to establish the basis of the 
simulation model and to realistically adjust the reliability and inventory parameters obtained through the following 
formulas in Table 3. 

 
Table 3. Table of Indicators 

 
Indicator Formula 
Stockouts Occurrences 
Service Level Services completed / Services scheduled × 100 
MTTR (Σ repair times) / (number of repairs)  
MTBF (Σ operating times) / (number of failures) 

 
5. Results and Discussion 
5.1 Numerical Results 
For this study, a comparison was made between the base scenario and the improved scenario. Initially, a pilot run with 
30 independent replications was conducted to estimate the variability of the service level. Based on those results, the 
final sample size was determined as 38 replications, ensuring a 95% confidence level and a maximum admissible error 
of ±2 percentage points. With this number of replications, the confidence intervals obtained from Arena were analyzed 
for each performance indicator, including service level, stockouts, average service time, and maintenance time. 
Subsequently, a comparative analysis of means was carried out using the paired t-test in Output Analyzer, taking the 
38 replications as the basis for the comparative evaluation between both scenarios. 

Regarding service level, a statistically and operationally relevant improvement was observed after the implementation 
of the proposed solution. In the base scenario, the average service level was 87.0%, with a 95% confidence interval 
ranging from 85.08% to 88.92%. After the intervention, the average increased to 92.7%, with a 95% confidence 
interval between 91.84% and 93.56%, with no overlap between the two ranges. The paired replication-by-replication 
analysis estimated a mean increase of 5.72 percentage points, with a 95% confidence interval of [3.41, 8.04], 
confirming the existence of a significant and consistent improvement, equivalent to an approximate relative increase 
of 6.6% compared to the initial level. 

With respect to stockouts, in the initial situation the mean was 4.11 stockouts per replication, with a standard deviation 
of 2.17 and a 95% confidence interval of approximately 3.39 to 4.82. After the improvement, the mean decreased to 
2.92 stockouts per replication, with a standard deviation of 1.05 and a 95% confidence interval within the range of 
[2.58, 3.27]. The paired t-test on the replication-by-replication differences yielded a mean reduction of 1.18 stockouts 
per replication, with a 95% confidence interval of [0.307, 2.06], implying a relative reduction of nearly 29% compared 
to the base scenario, accompanied by lower process variability. 

Regarding average service time, the paired-replication design made it possible to isolate the effect of the intervention 
from the variability inherent to the simulation. The average time increased from 78.9 to 80.2 units after the 
improvement, while the standard deviation decreased from 1.20 to 0.669. The paired t-test indicated a mean difference 
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of 1.31 units, with a 95% confidence interval between 0.94 and 1.67; therefore, the hypothesis of no change was 
rejected. Although this increase represents only about 1.7% relative to the baseline average, it is accompanied by a 
clear reduction in dispersion, suggesting a more stable and predictable process. 

Finally, the analysis of average maintenance time showed a substantial improvement. In the base scenario, the mean 
was 3.95 units, with a 95% confidence interval between 3.27 and 4.63. After the intervention, the time decreased to 
3.00 units, with a standard deviation of 0.192 and a 95% confidence interval between 2.94 and 3.06. The paired t-test 
estimated a mean difference of –0.947 units, with a 95% confidence interval of [–1.63, –0.26], indicating a reduction 
of approximately 24% in maintenance time. In addition, the coefficient of variation decreased from approximately 
52% to about 6%, evidencing a much more stable and controlled maintenance process, with a direct impact on 
equipment availability (Table 4). 

Table 4. Results of the Base and Improved Scenarios 
 

Indicador Base Scenario Improved Scenario 
Service Level 87% 92.7% 
Stockouts 4.11 2.92 
Average Service Time 78.9 80.2 
MTTR 3.95 3 

 
5.2 Graphical Results  
In general terms, the process for providing a fumigation service operates as follows: 

First, the client contacts the company and a technical visit to the site is scheduled. During this visit, the staff 
evaluates the areas to be treated and determines the type of service required. Based on this information, the company 
prepares and sends a quotation to the client; if the quotation is accepted, the service date is scheduled. To carry out 
the fumigation, operators, equipment (fumigation sprayers), and the necessary chemical supplies are assigned. If at 
any point it is detected that there are insufficient materials or that the equipment presents significant failures, the 
service may be canceled or rescheduled while the supplies are purchased or the equipment is maintained. When the 
service is performed without incident, the operators complete the fumigation as planned and, finally, the company 
issues a certificate confirming the proper execution of the work, thereby concluding the process. 

As mentioned above, the validation of the implementation was simulated in Arena software, where our model is 
shown in the following Figure 5: 

 
 

Figure 5. As-Is Model 
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The results obtained from the base model were processed using the Output Analyzer tool in Arena software, from 

which the statistical indicators used for the comparative analysis presented in the numerical results were obtained, 

based on the Figure 6 showing the base model results. 

 

Figure 6. Graphical Results of the Base Model 
 

These results were obtained from a simulation whose stopping criterion was the completion of 40 services; that is, the 
model was run until that number of service requests was completed. Likewise, the use of 38 replications as the sample 
size for the statistical analysis of the indicators was validated. 
 
5.3 Proposed Improvements 
The improvement proposal integrates the application of Total Productive Maintenance (TPM) and the Economic Order 
Quantity (EOQ) model, with the aim of increasing the technical reliability of the equipment used in fumigation 
services and ensuring the continuity of critical material supply. Both approaches were selected due to their 
complementarity, as they simultaneously address the main sources of disruption identified in the initial diagnosis: 
recurrent operational failures and inventory stockouts. To quantitatively assess their impact, maintenance subroutines 
were incorporated into the simulation model and the order quantity in the replenishment scheme was adjusted; 
however, since this modification was made only at the quantity level, it was not necessary to alter the structure of the 
original model, as shown below in Figure 7. 
 

 
 

Figure 7. To-Be Model 
 

After implementing the changes in the improvement model, the following results were obtained from the Output 
Analyzer, as shown in Figure 8. 
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Figure 8. Graphical Results of the Improved Model 
 

Taken together, the simulation shows that the service level increased, stockouts per replication were significantly 
reduced, and average maintenance time decreased by approximately 24%, while average service time increased only 
marginally and with lower variability. These findings, compared with the initial scenario, demonstrate that the 
combined application of TPM improved equipment availability and reliability, whereas the EOQ model with reorder 
point and safety stock contributed to reducing inventory shortages. Overall, both tools improved the operational 
performance of the fumigation system by increasing service level and stabilizing the process without generating 
significant negative impacts on service times. 

5.4 Validation  
The initial analysis compiled key operational data, including failure records, repair times, historical availability, and 
service interruption patterns. This assessment identified spark plugs, air filters, nozzles, and pressure pumps as the 
components with the highest failure frequency and the main drivers of service rescheduling and cancellations, 
revealing a predominantly corrective maintenance approach that negatively affected service continuity.Based on these 
findings, a technical evaluation of equipment behavior was conducted through the analysis of historical failures, 
component criticality, and repair times. Criticality matrices were developed, and preventive and autonomous 
maintenance routines were defined in line with TPM principles. These routines incorporated standardized inspections, 
functional checks, and autonomous tasks carried out by technical staff to increase MTBF and reduce MTTR, as shown 
in Figure 9. 

The TPM proposal was then validated through simulation using real company data, considering indicators such as 
availability, maintenance times, and service continuity. The results showed reductions in failures, interruptions, and 
unproductive time, confirming the effectiveness of the preventive approach. In addition, technical specialists and 
operational staff validated the feasibility of the proposed routines, and the maintenance plan is presented in Figure 10. 

 

       
 

Figure 9. Preventive and Autonomous Maintenance 
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Figure 10. Maintenance Plan 
 

In parallel with the failure analysis, warehouse data were examined and revealed discrepancies between actual demand 
and purchased quantities, which generated frequent stockouts of critical supplies such as rodenticides, Insect, and 
Ecoperox. These shortages caused delays, rescheduling, and cancellations, affecting service continuity and evidencing 
the absence of a formal inventory planning system adapted to operational variability.To address this issue, a 
replenishment model based on EOQ was developed, as shown in Figure 11, together with the calculation of the reorder 
point (ROP), safety stock, and ABC classification to prioritize the most critical supplies. The model also incorporated 
supplier lead time analysis to adjust inventory parameters and support timely replenishment during high-demand 
periods. 

The EOQ proposal was evaluated through a comparative simulation between the current and improved scenarios. The 
results showed reductions in stockouts, supply variability, and costs associated with unplanned purchases. In addition, 
validation by operational staff and specialists confirmed the feasibility of the proposed parameters, demonstrating that 
EOQ strengthens inventory stability, improves service continuity, and complements the operational improvements 
achieved through TPM. 

 
 

 
Figure 11. EOQ Calculation 

 
6. Conclusion 
The study results show that the integration of Total Productive Maintenance (TPM) and the EOQ inventory model 
significantly improved the operational performance of the fumigation system analyzed. The simulation with 38 
replications confirmed that the service level increased from 87.0% to 92.7%, with no overlap in the confidence 
intervals, demonstrating a statistically significant improvement. This increase is associated with the simultaneous 
reduction of operational failures, greater technical availability of the equipment, and a decrease in inventory stockouts, 
all of which reduced cancellations and rescheduling while strengthening the operational continuity of the service. 
 
In relation to inventory management, the application of the EOQ model with reorder point and safety stock reduced 
stockouts from 4.11 to 2.92 per replication, representing a relative reduction of nearly 29%. Likewise, inventory 
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compliance increased from 83% to 98%, ensuring the continuous availability of critical supplies and eliminating the 
need for urgent purchases. The simulation also confirmed that the new replenishment scheme reduced variability and 
stabilized the operational flow, directly contributing to the improvement in service level. 
 
With regard to the maintenance component, the implementation of TPM reduced average maintenance time by 
approximately 24% (from 3.95 to 3.00-time units) and significantly improved process stability, decreasing the 
coefficient of variation from 52% to 6%. These results indicate that the equipment operates for longer intervals without 
interruptions and that technical interventions are carried out more efficiently. The failure analysis confirmed a 
substantial reduction in critical events, validating the effectiveness of the preventive approach and the contribution of 
autonomous and standardized maintenance. 
 
Overall, the study demonstrates that the combination of quantitative maintenance techniques (TPM) and analytical 
inventory models (EOQ–ROP–SS) constitutes an effective and replicable strategy for service companies that are 
highly dependent on equipment usage. The proposed solution increased reliability, improved availability, reduced 
system variability, and enhanced service level without requiring large-scale investments. Consequently, the study 
confirms that data-driven management, engineering modeling, and simulation-based validation are robust tools for 
transforming traditional processes into more efficient, predictable, and sustainable systems. 
 
As a priority direction for future research, it is proposed to extend the TPM approach toward a Predictive Maintenance 
(PdM) scheme supported by sensors/IoT and data analytics, in order to anticipate failures and schedule interventions 
based on the actual condition of the equipment. In subsequent studies, this extension may be evaluated through 
controlled comparisons between traditional TPM and PdM, measuring their incremental effect on MTBF, MTTR, 
technical availability, and service level, as well as their impact on reducing unplanned downtime, cancellations, and 
operational variability. In addition, it is recommended to validate the performance of PdM over longer operating 
horizons and across more than one company in the sector, in order to determine its robustness and develop scalable 
adoption guidelines according to asset criticality, operational maturity, and budget constraints. 
 
References  
Alizadeh, A., Kamwa, I., Moeini, A. and Mohseni-Bonab, S. M., An exact MILP model for joint switch placement 

and preventive maintenance scheduling considering incentive regulation, IET Generation, Transmission & 
Distribution, vol. 16, pp. 4672–4688, 2022. 

Alnahhal, M., Aylak, B. L., Al Hazza, M. and Sakhrieh, A., Economic order quantity: A state-of-the-art in the era of 
uncertain supply chains, Sustainability, vol. 16, no. 14, article 5965, 2024. 

Babaeimorad, S., Fattahi, P., Fazlollahtabar, H. and Shafiee, M., An integrated optimization of production and 
preventive maintenance scheduling in Industry 4.0, Facta Universitatis, Series: Mechanical Engineering, vol. 
22, pp. 711–720, 2024. 

Cabrera, O., Tejeda, J., Llontop, J., Mendoza, P., Alvarez, J. C. and Demirkesen, S., A validation model to reduce 
non-contributory time based on Lean tools: Case of a construction company in Perú, Cogent Engineering, vol. 
10, no. 1, article 2236838, 2023. 

Castro, A. M. and Pérez, J. R., Application of total productive maintenance in a manufacturing process of cardboard 
boxes under Lean Six Sigma DMAIC methodology, South African Journal of Industrial Engineering, vol. 35, 
no. 4, pp. 37–51, 2024. 

Choi, T.-M., Wallace, S. W. and Wang, Y., Supply chain risk management, International Journal of Production 
Economics, vol. 248, article 108443, 2023. 

Florez-Cáceres, R. M., Huamán-Echevaría, C. E. and Quiroz-Flores, J. C., Improving productivity in an SME in the 
metalworking sector through lean manufacturing and TPM tools: A case study in Peru, South African Journal 
of Industrial Engineering, vol. 35, no. 2, pp. 91–109, 2024. 

Fonseca Junior, A. P., Frutuoso, P. B., Paiva, J. M., de Souza, G. F. M. and Braga, A. P. S., Development of an 
optimized maintenance management program for hydropower plants, Energies, vol. 10, article 1091, 2017. 

Grimm, C., Vester, F. and Albrecht, A., Predictive maintenance for gear hobbing machines: A case study, Procedia 
CIRP, vol. 112, pp. 87–91, 2024. 

Gutiérrez-Martínez, Y., Bustamante-Bello, R., Navarro-Tuch, S. A., López-Aguilar, A. A., Molina, A. and Álvarez-
Icaza Longoria, I., A challenge-based learning experience in industrial engineering in the framework of 
Education 4.0, Sustainability, vol. 13, no. 17, article 9867, 2021. 

Langlotz, P. and Aurich, J. C., Causal and temporal relationships within the combination of Lean Production Systems 
and Industry 4.0, Procedia CIRP, vol. 96, pp. 236–241, 2021. 



Proceedings of the 7th African International Conference on Industrial Engineering and Operations Management 
Cape Town, South Africa, May 13-15, 2026 

© IEOM Society International 

McKie, M. G., Jones, R., Miles, J. and Jones, I. R., Improving Lean Manufacturing Systems and Tools Engagement 
Through the Utilisation of Industry 4.0, Improved Communication and a People Recognition Methodology in 
a UK Engine Manufacturing Centre, Procedia Manufacturing, vol. 55, pp. 371–382, 2021. 

Mendes, D., Gaspar, P. D., Charrua-Santos, F. and Navas, H., Enhanced real-time maintenance management model—
A step toward Industry 4.0 through Lean: Conveyor belt operation case study, Electronics, vol. 12, article 3872, 
2023. 

Nobil, A. H., Afshar Sedigh, A. H. and Cárdenas-Barrón, L. E., Reorder point for the EOQ inventory model with 
imperfect quality items, Ain Shams Engineering Journal, vol. 11, no. 4, pp. 1339–1343, 2020. 

Patriarca, R., Di Gravio, G., Costantino, F. and Tronci, M., EOQ inventory model for perishable products under 
uncertainty, Production Engineering, vol. 14, no. 5–6, pp. 601–612, 2020. 

Reyes, J., Alvarez, K., Martínez, A. and Guamán, J., Total productive maintenance for the sewing process in footwear, 
Journal of Industrial Engineering and Management, vol. 11, no. 4, pp. 814–822, 2018.Saldanha, J. P., 
Estimating the reorder point for a fill-rate target under a continuous review policy in the presence of non-
standard lead-time demand distributions, Transportation Research Part E: Logistics and Transportation 
Review, vol. 164, article 102766, 2022. 

Saldanha, J. P., Estimating the reorder point for a fill-rate target under a continuous review policy in the presence of 
non-standard lead-time demand distributions, Transportation Research Part E: Logistics and Transportation 
Review, vol. 164, article 102766, 2022. 

Sánchez, R., Martínez, L. and López, M., Reliability-centered maintenance: A comprehensive framework for 
industrial applications, Journal of Engineering and Maintenance, vol. 35, no. 4, pp. 223–236, 2023. 

Schindlerová, V., Šajdlerová, I., Michalčík, V., Nevima, J. and Krejčí, L., Potential of using TPM to increase the 
efficiency of production processes, Tehnički vjesnik – Technical Gazette, vol. 27, no. 3, pp. 737–743, 2020. 

Sukma, D. I., Prabowo, H. A., Setiawan, I., Kurnia, H. and Fahturizal, I. M., Implementation of Total Productive 
Maintenance to Improve Overall Equipment Effectiveness of Linear Accelerator Synergy Platform Cancer 
Therapy, International Journal of Engineering, Transactions A: Basics, vol. 35, no. 7, pp. 1246–1256, 2022. 

 
Biographies  
Diego Bonifaz is a student at the University of Lima. He is currently working as an intern in the administration area 
of a company in the construction sector. 
 
Jorge Matos is a student at the University of Lima. He currently works as an ERP & HCM intern at a consulting 
company, supporting the implementation and optimization of business systems. His professional interests focus on 
process management, digital transformation, and continuous improvement in organizational environments. 
 
Paul Sánchez is a professor in the areas of Supply Chain and Research Projects. He holds a degree in Industrial 
Engineering from the University of Lima, an MSc in Supply Chain Management from ESAN, and a Master’s degree 
in Commercial Logistics and Distribution from ESIC. A specialist in contract logistics, he has worked in business 
development in Peru, Argentina, and Chile for companies such as Ceva Logistics, DHL Supply Chain, Ransa, and 
Almacenera Pacífico. 
 
Carlos Gálvez is a Professor in the areas of Research Projects, Operations Fundamentals, and Logistics. He holds a 
degree in Industrial Engineering from the University of Lima and a Master’s degree in Business Administration from 
ESAN. A specialist in Operations, Safety, and Occupational Health, he has worked for major companies in the 
construction sector, including Mota Engil Perú and Proyecta y Construye, among others. 
 


	1. Introduction
	1.1 Objectives
	2. Literature Review
	3. Methods
	4. Data Collection
	5. Results and Discussion
	5.1 Numerical Results
	5.2 Graphical Results
	5.4 Validation
	6. Conclusion
	References
	Biographies

