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Abstract

This study proposes a comprehensive improvement model aimed at increasing the on-time delivery (OTD) rate of
a small Peruvian trading company operating in the hydrocarbons sector. The research addresses key operational
issues—such as delays in the picking process, warehouse disorganization, and stockouts—which caused a 13.86%
gap compared to the service level standard. To resolve this, the study integrates three industrial engineering tools:
the ABC classification method to prioritize materials by turnover, the Systematic Layout Planning (SLP)
methodology to optimize space, time, and distances, and the Material Requirements Planning (MRP) system to
improve purchasing aligned with seasonal demand.While these tools have been applied individually in the context
of SMEs, their combined and integrated application within a small enterprise setting is what makes this proposal
both unique and practical. The methodology was tailored to the resource constraints and management capabilities
typical of small businesses, ensuring its functional feasibility. Developed through time measurements, layout
analysis, and historical data processing, the proposed model achieved significant improvements: a 21.6% reduction
in picking time, a 6.4% increase in inventory turnover, a 78.57% reduction in transport time, and up to 68.75%
reduction in travel distances. As a result, the OTD rate improved from 82.63% to 94.53%, strengthening logistics
performance and customer satisfaction. This model is scalable, replicable, and especially applicable to SMEs
facing similar operational challenges in the hydrocarbons sector and beyond.

Keywords

On-time delivery, Systematic Layout Planning, ABC method, Material Requirement Planning stock-out.

1. Introduction

Logistics efficiency has become a key factor for business competitiveness, particularly in sectors that require high
precision in product delivery. In Peru, the logistics landscape still presents considerable challenges, revealing
issues in areas such as infrastructure, customs management, and delivery reliability. These difficulties have a direct
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impact on companies’ ability to meet the delivery deadlines demanded by an increasingly dynamic market.

According to data from the National Institute of Statistics and Informatics (INEI, 2023), the logistics sector has
faced greater demands due to the sustained growth of strategic sectors such as commerce and industry, especially
in the aftermath of the COVID-19 pandemic. The report also noted that the hydrocarbons sector experienced an
8.04% growth compared to previous years, driven primarily by rising domestic demand and economic recovery.
This growth compels companies in the sector to strengthen their operational and distribution processes in order to
maintain their competitiveness and respond effectively to market demands.

However, According to data from the National Logistics Survey (ENL, 2020), Peru demonstrates a lower
performance in terms of on-time deliveries, achieving only a 65.5% success rate significantly below countries like
Colombia (77.3%) and Bolivia (76%). This gap underscores the urgent need to develop initiatives that enhance
the quality and efficiency of logistics services.

This research focuses on a company in the hydrocarbons sector that is currently facing significant challenges
impacting its operational performance, particularly in timely order delivery, inventory management, and quality
control processes. Considering both the sector’s growth and the country’s overall logistics inefficiencies, the study
proposes the integrated use of three methodologies to improve on-time deliveries in a commercial distribution
context: the ABC classification system, the Systematic Layout Planning (SLP) methodology, and the Material
Requirements Planning (MRP) system. These tools will be applied to optimize inventory management, improve
the company’s layout, and enable more efficient materials planning. The study includes a diagnosis of the current
delivery delay issues and aims to design a comprehensive solution that increases the rate of on-time deliveries and
enhances overall operational efficiency.

Although several studies have demonstrated the individual benefits of ABC, SLP, and MRP tools in various
sectors—including manufacturing, retail, and food processing—few have analyzed their combined effect in the
specific context of hydrocarbons distribution. Existing literature primarily focuses on general layout efficiency or
inventory turnover, without addressing the unique logistical constraints of the hydrocarbons sector in Peru.
Therefore, this study presents an integrated improvement model tailored to this context, seeking to bridge the gap
in the current state of knowledge and provide practical, quantifiable results for enhancing on-time delivery
performance.

2. Literature Review

How the ABC Method Supports Operational Efficiency and Decision-Making

In the sector, the ABC classification has proven to be an effective tool for optimizing inventory management,
prioritizing resources, and improving operational flows. For example, Pérez Vergara et al. (2020) combined ABC
with AHP, concluding that this synergy fosters "more efficient distributed decision-making in inventory
management." In the Peruvian context, Auqui Aguirre et al. (2022) applied the ABC method in a local warehouse,
classifying 30 products and identifying 13 as type A, which improved on-time delivery and reduced delays in the
supply chain. Similarly, Flores Gutiérrez, Cota Pardini, and Loredo Medina (2023) implemented an ABC-based
inventory redistribution in a Mexican food company, increasing weekly butter turnover by 32.9 units and reducing
storage time by two days, demonstrating a direct impact on logistics efficiency. Together, these studies support
that the implementation of the ABC method in marketing sectors not only enables strategic resource allocation but
also drives significant improvements in turnover, service levels, and operational costs.

How SLP Improves Layout Design and Service Performance in the Distribution Sector

In the distribution sector, the Systematic Layout Planning (SLP) tool has shown consistent results in optimizing
space and operational efficiency, although with different scopes and contexts. For example, Badharinath et al.
(2024) achieved a 34.9% reduction in flow distances and doubled productivity in a manufacturing plant,
highlighting its impact on high-volume operations. Complementarily, Mansur et al. (2021) integrated SLP with
AnyLogic simulation, showing smaller improvements in operator steps (from 16,554 to 15,956) but placing greater
emphasis on digital validation of the redesign, suggesting that combining SLP with simulation tools enhances the
reliability of the results.

On the other hand, Haryanto et al. (2021) reported 44.7% savings in operating costs in the hard disk drive industry,
while Bagaskara et al. (2020) reduced interdepartmental distances in a food company, focusing more on spatial
organization and orderly flow rather than financial metrics. Taken together, these studies confirm the versatility
of SLP, although they also reveal differences: some studies prioritize cost reduction, others route optimization or
simulation integration. Our work leverages these findings to integrate SLP into a broader model, combining it with
ABC and MRP to overcome limitations identified in isolated studies.
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Applying MRP to Improve Purchase Order Forecasting and Inventory Efficiency

Regarding purchase planning, Cano et al. (2021) showed that MRP can reduce stored material costs by 79% by
integrating historical demand and production capacity. This approach is more operational compared to Altendorfer
et al. (2024), who analyzed the forecast update frequency and its impact on inventories, highlighting the
importance of dynamic parameters to prevent stockouts.

Moreover, Jin et al. (2025) introduced stochastic optimization in large supply chains, achieving inventory
reductions between 10% and 35%, demonstrating that MRP can scale to complex systems when combined with
advanced forecasting techniques. However, most of these studies focus on a single aspect: cost reduction, forecast
accuracy, or scalability. Our integrated model combines these perspectives, applying MRP not only for more
efficient purchasing but also to synchronize it with layout reorganization (SLP) and material prioritization (ABC),
maximizing its overall impact.

3. Methods

3.1 Model

The proposed model presents three tools to address each identified root cause: (1) Incorrect location of materials
in the warchouse. (2) Inadequate distribution of warehouse areas. (3) Inadequate management of purchase orders
for materials.

To address the first root cause, the ABC methodology was implemented. This tool improves storage management
by prioritizing high-turnover products (category A), ensuring their timely availability to meet customer demand.
At the same time, it facilitates the identification of slower-turnover items (categories B and C), which helps prevent
their obsolescence and reduce the costs associated with prolonged storage. (Jara-Cordero et al., 2017)
Subsequently, the SLP tool was used to correctly place them on the shelves, with the aim of reducing the search
time per item, an indicator associated with this stage, and thus streamlining the picking process. For the second
root cause, the SLP tool was used. This tool allows for the recognition, analysis, and representation of the different
physical elements and spaces in the area to be improved, with the goal of achieving a more efficient distribution
(Figure 1). Its application requires considering the company's management strategy, warchouse limitations,
product types, and travel times and distances within the area. (Marcelo-Alfaro et al., 2024) The indicator used in
this stage was the average transfer time, which measures the efficiency of the flow of materials between areas. As
a corrective measure, workstations are organized, minimizing unnecessary distances between storage,
maintenance, and dispatch areas, thus reducing staff travel and improving productivity. Finally, to address the
third root cause, the MRP system was implemented to make more accurate forecasts of purchase orders (Figure
1). This tool improves supply planning and inventory control by considering operating policies, bills of materials,
and production capacity. This ensures the availability of necessary inputs in a timely manner, meeting established
requirements. In this context, the stockout rate is used as an indicator, which makes it easier to assess the
availability of materials in the warehouse and minimize stockouts (Gonzalez-Leon et al., 2023).

On Time Delivered

TO BE: Organize the work area, reduce travel times, correctly distribute materials on the
shelves and adequately forecast orders.

F

Classification into Manage the purchase Diagram design the
categories A, B and C of materials areas

| | |
¥

AS 15: Poor organization of areas, longer travel time, disorder of materials on the shelves and
incormrect forecast of purchase orders.

Source: Own elaboration
Figure 1. Concept map
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4. Data Collection

Data collection for this study combined qualitative and quantitative methods to ensure a comprehensive
understanding of the warehouse operations. In total, five material families were identified as the study population.
Given the relatively small size of this population and the need for a representative analysis, the sample size was
calculated using the formula for an infinite population, with a 95% confidence level and a 5% margin of error. For
the MRP methodology, historical order data was also sampled. Based on an average of 45 orders per day, the
required sample size was calculated as 41 records, ensuring sufficient statistical validity for the forecasting
analysis. This structured approach to sampling and data collection allowed for the precise identification of
inefficiencies and the formulation of practical improvements in both plant layout and inventory planning.

5. Result and Discussion

5.1 Numerical Results

Functional Model for the ABC/SLP Methodology Scenario

The first step involves classifying materials into A, B, and C categories based on their turnover rates. High-
turnover items are prioritized and placed in easily accessible locations. To reduce human error, a labeling system
using barcodes is implemented to enable quick identification of materials. Additionally, a proximity analysis is
conducted to design the optimal layout of shelving units based on flow analysis, with the goal of minimizing
unnecessary movement. The storage area measures 20 m?, representing the warehouse's total space. Due to its
limited size, only five material families are stored. These are placed on shelves based on stockout frequency and
the weight of each material. The result can be seen in the following Table 1.

Table 1. ABC methodology by family of materials

Materials % Amount %Accumulated Classification
Cards 23,77% 23,77% A
Hoses 23,14% 46,91% A
Pistols 19,81% 66,72% B
Gauges 18,23% 84,94% C
Submersible Pumps 15,06% 100,00% C

Currently, the company presents its materials in disarray because there is no control by family or by the weight
of its products. During a visit to the company, it was observed that the measuring devices, which were
considered heavy products, were placed on top of some shelves (Table 2).

Table 2. Comparison of the implementation of ABC and SLP methodology

Indicator Current Achieved Improvement (%)
IAverage search time per item (minutes) 9.55 min 7.49 min 21.6%
Inventory rotation (times/year) 4.5 4.79 6.4%

The combined application of ABC and Systematic Layout Planning (SLP) methodologies significantly improved
warchouse efficiency. In quantitative terms, the average search time per item was reduced from 9.55 to 7.49
minutes, representing a 21.6% improvement. Inventory turnover increased from 4.5 to 4.79 times per year,
equivalent to a 6.4% improvement. These results demonstrate that material prioritization based on turnover (ABC)
and physical space reorganization (SLP) directly contribute to optimizing the internal flow of materials and
reducing unnecessary travel by operational personnel.

In this context, the 21.6% improvement obtained in the present study is within the range of results observed in
similar research, which reports reductions between 20% and 60% in search or travel times after implementing
organization and classification tools. Therefore, it is confirmed that the integration of ABC and SLP constitutes
an effective strategy for optimizing the management of small warehouses, increasing productivity and the use of
available space.

Functional model of the Material Requirement Planning implementation scenario
Methodology
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a) Collect information from the last 3 years

b) Estimate the average historical demand

c) Calculate the average demand for all months

d) Calculate the seasonal index for each period

e) Apply the seasonality model when the peaks and peaks occur.
f) Measure Percentage Error (MAPE)

MAPE Model

One of the main problems identified during the research was the inaccurate quantities of material purchase orders.
The case study includes seven SKUSs: cards, dispensers, hoses, pumps, and meters. Based on this, data from the last
three years (2021-2023) was collected for the highest-turnover item—cards. A seasonal forecast was then developed
to identify recurring patterns (Table 3).

Table 3. Seasonal forecast

Month 2021 2022 2023 \Average demand |Average demand average Seasonal index
(2021 - 2023) demand
JAN 50 72 67 63 66 0.95
FEB 56 65 95 72 66 1.09
MAR 47 69 75 64 66 0.96
IAPR 69 59 71 66 66 1.00
MAY 45 63 68 59 66 0.89
JUN 53 71 66 63 66 0.96
JUL 67 59 77 68 66 1.02
AUG 60 65 73 66 66 1.00
SEP 65 70 55 63 66 0.96
OCT 62 63 50 58 66 0.88
INOV 66 88 55 72 66 1.08
DIC 69 75 83 79 66 1.20

Source: Own elaboration

Total demand for 2021-2023 was calculated. As shown in the following graph, the linear regression model was
obtained (Table 4).

Table 4. Forecast for the year 2021 - 2024

Age Demand Forecast
2021 709

2022 819

2023 835

2024 913.666667

A linear regression trend analysis was applied, following the model: Y = a + bx, to estimate the annual demand for
the year 2024. Additionally, the percentage error (%) was calculated to assess the accuracy of the forecasting model.
Which is represented as follows in Table 5.

Absolute percentage errors 114
MAPE =Z S == 957%
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Table 5. Calculation of MAPE

Forecast  [Error > Error |Error| >: |Error| [(Error)*2 > (Error)”2 [ECM DMA |[MAPE
73 -6 -6 6 6 31.38 31.38 [31.37837 5.6 8.36
83 12 6 12 18 144.64 176.02188.00991 8.8 9.28
73 2 8 2 19 2.66 178.68159.559 6.4 8.56
76 -5 3 5 25 29.63 208.30(52.0758 6.2 8.70
68 0 3 0 25 0.15 208.4641.6914 5.0 7.38
73 -7 -4 7 32 48.80 257.26142.87634 5.3 8.10
78 -1 -5 1 33 0.96 258.22136.88822 4.7 6.13
76 -3 -8 3 36 9.36 267.57|33.44677 |4.5 6.18
73 -18 -26 18 54 323.49 591.06(65.67359 6.0 10.93
67 -17 -43 17 71 296.66 887.72(88.77195 7.1 14.27
82 -27 -71 27 99 751 1,638.3(148.9382 9.0 16.32
91 -8 -79 8 107 65 1,702.9141.9137 8.9 10.72

Source: Own elaboration

In this study, the forecasting model achieved a target mean absolute percentage error (MAPE) ranging from 7.38%
to 16.36% (Table 5), indicating an accuracy ranging from "high" to "good" by industry standards. In comparison
with recent works, for example, Mustafa et al. (2025) report a MAPE of approximately 6.87% for energy demand,
which represents a performance slightly higher than the minimum in this study; on the other hand, models applied
to more complex supply chains, such as Jahin et al. (2024), show errors above 20%, which already border on higher
risk levels of error in operational decisions. Therefore, the MAPE range obtained in this study is competitive and
demonstrates that the model has an adequate level of reliability for practical use in warehouse environments.

5.2 Graphical Results
Functional model of the ABC/SLP methodology scenario (Figure 2 and Figure 3)

Color Meaning Action required
| Class A product: High rotation Store in the first section of the shelves
] Class B product. Medium rotation Store in the second section of the shelves.
[ Class C product: Low rotation Store in the final section

Source: Own elaboration
Figure 2. SLP signage

Unloading zone Loading zone
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Unloading zone Loading zone

Safe transit area

Figure 3. Current warehouse inventory design (left) vs. proposed design (right)
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Functional model of the SLP scenario
A new plant design was proposed to achieve a more efficient process and meet the proposed objectives. The
proposed design is presented below in Figure 4.
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Source: Own elaboration

Figure 4. Current vs proposed design

5.3 Proposed Improvements

For the calculation of the MAPE, only the highest-turnover SKU was considered due to limitations in data collection,
as the records were manually logged in a notebook. This restriction reduced the diversity of the dataset and,
consequently, the representativeness of the model. Ideally, the analysis should have been extended to all active SKUs
—particularly class A and B items with greater variability— in order to increase the statistical reliability and
robustness of the mean absolute percentage error.

5.4 Validation

A comparative analysis of transfer times between the different routes shows that the proposed design generated a
significant improvement in the overall flow of materials within the facilities. A reduction in transfer times was
recorded on most routes, demonstrating greater operational efficiency in internal processes.

In particular, in Section 3 (Conditioning — Quality Control Area), a 79% reduction in transfer times was achieved,
a result that directly reflects the benefits derived from optimizing the distance traveled. Likewise, a 69%
improvement in the distance between areas was identified, reinforcing that the redesign's purpose was not only to
reduce routes but also to optimize flow logic and operational safety.

These changes made it possible to minimize unnecessary crossings and disorganized movements, promoting a
more orderly, safe, and efficient work environment. Thus, the controlled increase in traffic on certain sections
responds to a strategy of unidirectional flow and improved spatial distribution, which contributes to the
sustainability and continuity of operations (Table 6- Table 8).

Comparison of the SLP scenario

Table 6. Comparison of transfer time

Indicator Current Achieved Improvement (%)

'Warehouse - Conditioning 8 min 6 min 25%

Conditioning - Cleaning Area 3 min 12 min N/A
Conditioning - Quality control area 14 min 3 min 79%
Quality Control Area - Warehouse 5 min 6 min N/A

Source: Own elaboration

“Note: N/A indicates changes that were implemented to improve flow logic and safety rather than to reduce
times or distances.”
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Table 7. Comparison of distances between areas

Indicator Current Achieved Improvement (%)
'Warehouse - Conditioning 10m 9m 10%
Conditioning - Cleaning Area Sm 14m N/A

Conditioning - Quality control area 16m S5m 69%

Quality Control Area - Warehouse 8m 10m N/A

Source: Own elaboration

“Note: N/A indicates changes that were implemented to improve flow logic and safety rather than to reduce
times or distances.”

Model simulations in Arena

Arena software will be used as a validation method for the MRP tool. In the as-is scenario, on-time delivery
(OTD) averaged 82.63% with a 95% confidence interval between 0.791 and 0.862, while in the to-be scenario, the
OTD increased to 94.53% with a confidence interval between 0.915 and 0.975. Since the confidence intervals do
not overlap, the improvement is statistically significant (Figure 5 and Figure 6 and Figure 7).

Table 8. Input Time Analyzer

n° Operation Expression
1 Find a product [UNIF(5.22, 7.61)
2 [Buy a product [UNIF(20.5, 21.6)
3 Choose a product TRIA(6.08, 6.41, 6.64)
4 Conditioning TRIA(10.05, 12.41, 15.64)
5 Product packaging Set [UNIF(13.1, 15.7)
6 Customization TRIA(10.3, 15.4, 20.7)
7 Packaging 8 + EXPO(0.31)
8 Pay 2 + EXPO(0.149)
Source: Own elaboration
A e e TR
T_*i N . g |

Source: Own elaboration
Figure 5. Final simulation - part 1
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Observation Intervals Min

OTDASIS 0.545} Y 11
0.791 0.862

OTD TO BE 065} ) {1
0915 0.975

Classical C.I. Intervals Summary
IDENTIFIER RVERAGE STANDARD 0.950 C.I. MINIMUM MOXIMUM NUMBER
DEVIATION HALF-WIDTH WALUE VALUE OF OBS.
0ID AS IS 0.826 0.113 0.0358 0.545 1 41
0ID TO BE 0.945 0.0945 0.03 0.65 1 41

Figure 7. Output AS IS and TO BE

6. Conclusion

This study addressed the low on-time delivery (OTD) rate of 82.63% in a small Peruvian trading company within
the hydrocarbons sector—a critical issue impacting customer satisfaction and increasing operational costs due to
urgent shipments and overtime. The root causes were identified as disorganized warehouse layout, inefficient
picking zones, and poor purchasing planning.To address these issues, the integrated application of three industrial
engineering tools—ABC classification, Systematic Layout Planning (SLP), and Material Requirements Planning
(MRP)—was implemented. Although each of these tools has proven effective in SMEs when applied individually,
their combined use in a coordinated and strategic manner represents a novel contribution within the small business
context. The proposed model was designed according to the functional capacities, management scope, and limited
resources typical of SMEs, ensuring its feasibility and ease of adoption.

The improvements achieved were significant: picking time decreased by 21.6%, transport time by 78.57%, and
travel distances by 68.75%, while inventory turnover increased by 6.4%. These changes led to a remarkable
increase in the OTD rate to 94.53%, reinforcing the company's ability to meet delivery commitments. Furthermore,
the model proves to be scalable and adaptable to other small enterprises in the hydrocarbons sector and similar
industries such as manufacturing or retail. Supported by existing literature on the use of these tools in SMEs
separately, this study validates that their joint integration is both feasible and highly beneficial. This makes the
proposed approach a viable and replicable logistics improvement solution for small enterprises in emerging
economies.
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