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Abstract - The objective of the research work is to reduce
the stock of a company in San Martin, Peru, that offers the
installation service of solar thermal heaters. First, a brief
description is presented, the background of the organization
and an evaluation of the company's indicators to find the
problem under study. With this we find the technical gap of
31.11% during the year 2022, which was calculated with the
difference of 47.78% of stock outage cases of the company
studied compared to 16.67% of a trading Mype found within the
analysis of 40 articles scientists. Subsequently, the design of the
solution is proposed linking the root causes with the ABC
Classification, Material Requirements Planning and Economic
Order Quantity. The latter were analysed and the positive
contribution to the solution of the problem was concluded.
Subsequently, the development of the proposal is known in
detail, developing the validation methodologies to verify that the
proposed tools are effective for the improvement project
through the training of workers, the reorganization of the
warehouse and its subsequent verification, where results were
obtained. such as the increase of 12.69% in the capacity used in
the warehouse, the decrease of 68.75% in cases of stockouts,
during the first month of implementation, which implies the
reduction of costs and, finally, the reduction in the average
assembly time of an accessory kit from 72 to 33 minutes. Finally,
a financial analysis is carried out that involves the evaluation of
economic flows before and after implementation with a budget
of $982.35 to examine the financial viability of the company.
With the aforementioned budget, economic results were
obtained such as a NPV of $6972.95, an IRR of 187% and finally
a B/C of 7.86. Furthermore, it is concluded that the amount
invested will be recovered in 0.585 years.
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1. Introduction

The company chosen for the present project is an
Micro and small business (MSE) founded in the city of
Moyobamba, San Martin region that began its consulting
and sales activities in 2018. Currently, its vision is to
provide quality services and products with punctuality,
security, guarantee and honesty with qualified and
trained personnel. It is engaged in the import, sale and
wholesale and retail installation of technologies based
on renewable energy, which has become extremely
widespread, because its expansion ensures energy
security, cost reduction in production and diversification
of energy consumption [1]. Incorporating solar water
heaters has a significant environmental impact. By
utilizing solar energy, these systems reduce the reliance
on fossil fuels and lower greenhouse gas emissions,
contributing to a more sustainable planet. Solar water
heaters are considered a key solution for cutting down
carbon footprints, with even small systems preventing
tons of CO2 emissions annually. For instance, a typical
system can save approximately 1.5 tons of CO2 per year,
while also reducing energy consumption and costs [2]
The solar boiler, which consists of a thermal tank and a
certain number of vacuum tubes according to the



capacity, these tubes are made of two layers of glass with
high strength and firmness that allows absorbing the
sun's rays and use them in the best way to heat the water
that enters. In addition, the company provides the
installation service of the aforementioned product. In
order to carry it out, a certain number of accessories and
materials are needed to assemble the structure of the
water heater, fix it in the required space and implement
all the piping and connections for a correct operation.
Proper installation is crucial to maximizing these
benefits. A well-installed system ensures efficient energy
transfer, minimizes heat loss, and prolongs the lifespan
of the equipment. This translates into both
environmental and economic gains, as poorly installed
systems may result in energy inefficiencies and
increased maintenance [3] Therefore, expert installation
and regular maintenance are vital to harnessing the full
potential of solar water heaters for environmental and
cost-saving benefits.

Commercial MSE have large economic losses due
to stock breakage and inadequate stock management,
which means an insufficient level of inventories within
the service where it results in stock shortages, causing
delays in deliveries and customer dissatisfaction [4].
This is due to the use of inefficient supply methods,
disorder in the warehouses and the lack of
standardization of internal warehouse processes. That
is, they do not have a system that seeks to simulate the
impacts of stock-outs of different nature. Therefore, it is
sought to implement different tools such as ABC
Classification, Material Requirements Planning (MRP)
and Economic Order Quantity (EOQ) to fulfill the
objectives of elaborating the background and state of the
art of the improvement project for the solar thermal
commercialization company by analyzing the root
causes, in addition to analyzing and diagnosing the
problem of stockout for inventory management control,
designing and developing proposed solutions for
stockout and finally, validating the solution, evaluating
its economic viability and its impact on relevant
stakeholders.

The data provided by the bread commercialization
company related to poor inventory management, which
led them to implement an MRP system where an analysis
of the bakery's inventories was carried out, as well as an
evaluation of the tools for improving inventory
management [5]. Thanks to this they obtained the
necessary quantities of each input to be used for the
month of November and December 2021, to meet the
tastes and requirements of customers and improve costs,
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for example, they were able to reduce inventory costs
because $ 3487.37 was the cost in December 2020
without MRP and with the application of the
methodology was obtained as a result $ 120.55.

The companies that had an excessive amount of
inventory that did not convert into completed goods had
lost $1.2 billion. As a result, the ABC inventory
classification system may cause lower-demanding
commodities to become overstocked. By focusing on
inventory replenishment, supply chain managers may
quickly create day coverage strategies for each category
once numerous items have been divided into ABC
categories. Inventory can be measured in terms of shifts,
days of coverage, delivery times, service levels, and even
stockouts in addition to volume and value. It is estimated
that approximately 1.3 billion tons of inventory are lost
or wasted annually; the study helps to lower this statistic
so that the precise amount to use is known [6].

An external organization uses EOQ calculation
based on safety inventory and carrying cost calculation
to be able to determine the optimal amount of inventory
by maximizing the quantity products available without
the need to manufacture new ones [7]. Also, article is
evident to us that 31% of inventory costs were saved by
using the EOQ method, being beneficial to avoid high
costs in this area of the company [8].

After a detailed analysis, several key performance
indicators (KPIs) were identified in the company
studied. Stock out is significant, representing 47.78% in
the organization, mainly due to cases of stock outs in 86
facilities per year. The cost of customer acquisition is
$21.40, and the percentage of warehouse occupancy is
64.29%. In addition, the percentage of after-sales
incidents is 10%.

It is concluded that the company faces a major
problem of stock breakage during assembly, which
results in operators not finding necessary accessories
and having to go out to buy them, generating delays and
additional costs. Lack of control over incoming and
outgoing goods, disorganized warehouses, and delays in
service contribute to stock-outs. These stock-outs cause
delays, inconvenience to customers, and additional costs
of $3704.95, including increased costs of purchasing
accessories immediately, extra mobility expenses, and
additional costs due to delays in installation in different
cities. It highlights the need to address the technical gap
using industry and company information to improve
efficiency and avoid losses.

2. Methodology



An exhaustive review of the literature on the
reduction of stockout in the company was carried out,
using the PRISMA methodology to establish guidelines
for incorporating new concepts extracted from scientific
studies. A quantitative approach based on numerical
data was adopted to collect and analyze information,
allowing the researcher to make inferences, formulate
hypotheses and extend conclusions [9]. This approach
seeks to identify the causes of the situation and address
the research question: "What is known about the EOQ,
MRP and ABC classification systems to reduce shortages
in companies in the renewable energy installation trade
sector in the period 2020-2023?" in order to have a
proper installation helps to maximize energy efficiency,
leading to a reduction in the consumption of
conventional energy sources such as fossil fuels, which
contributes to reducing greenhouse gas emissions. In
addition, a well-installed system ensures the longevity
and reliability of the heater, minimizing maintenance
needs and preventing possible failures. [10]

With the above, the importance of
addressing the problems of delay in service and lack of
accessories is highlighted through the implementation of
the economic order quantity (EOQ), in which emphasis is
placed on the need to efficiently manage inventories,
calculating the optimal quantity to order and choosing
the right moment to avoid excesses or shortages in
warehouses. Therefore, it is suggested to apply the EOQ
tool for each material, establishing key terms and
calculating the optimal quantity to improve accessories
management:

(1)

Where:

S: Cost of ordering an order

D: Annual product or raw material demand

- H: Storage cost of each unit

- Q: Optimum quantity of units to order in each
order

Second, commercial companies face challenges in
materials management and turn to materials
requirements planning (MRP) to determine the number
of kits needed. In the case studied, shortage problems
were detected in the installation of solar water heaters
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due to an inadequate projection of the quantities to be
purchased. Then, it is necessary to use the Gozinto
diagram to identify the necessary accessories, dividing
them into two parts: the connection of the water tank to
the solar water heater and the connection of the solar
water heater to the shower. In addition, the projection of
accessories for the next 6 months according to the
services of the previous year, verifying the current
inventory to cover demand, without safety stock and
with a delivery time of 1 month. As a result, the
organization should order the estimated number of
accessories to meet the demand.

The ABC method aims to organize and prioritize
the materials necessary to install solar thermal systems
in warehouses, ensuring that the most expensive
products are considered of greatest importance.
According to this tool, it classifies items by controlling
inventory according to average cost, annual
consumption value and delivery time, thus addressing
the common problems of more than 60% of companies
in inventory control and classification [11].

3. Implementation and Results
For this improvement project, a timeframe of 6
months was considered to implement the proposal in the
selected company during the year 2023. This schedule
began with the identification of the proposal during the
month of April, the elaboration of the diagnosis during
the month of May, the preparation of the theoretical
framework during the month of June, the design of the
solution proposal during the months of July and August,
and finally, all the development of the implementation
that took place during the month of September.
Likewise, for the correct operation of the project,
the organization has the important task of observing and
complying with Peruvian laws and regulations issued by
the country's public entities, taking into account
international agreements and standards. In principle, the
Peru-China Free Trade Agreement was considered,
which makes it possible to strengthen trade relations
with a nation whose market is the largest in the world.
This agreement offers the opportunity to gain more
favorable access to a market characterized by a growing
demand for consumer goods, raw materials,
intermediate goods and capital goods [12]. In the second
place, the Chief Resolution No. 335-90-INAP-DNA will be
of utmost importance to establish an efficient supply
system, guaranteeing an adequate management of the
warehouses and a timely supply process for the State



entities. The main objective will be to conserve material
resources and ensure high quality standards. Thirdly,
ISO/IEC 13273-2, which allows the application to energy
efficiency and renewable energy sources. Fourth is NTP
399.404:2006, which deals with the fundamentals for
efficient sizing of solar water heating systems [13]. In
fifth place, the NTP 399.482 2007 that shows the
procedure and requirements linked to the quality of
materials for the efficient installation of solar water
heating systems [14]. Finally, the ISO 45001 that give to
know the occupational health and safety management
systems to know how to control the risks associated with
storage operations and handling of goods [15]

After implementing all the chosen tools, the results
obtained were validated. First of all, we calculate the
quantity that should be in the warehouse to meet
demand and fulfill services on time and without
shortages. To do this, using the MRP tool, with the use of
a procedure’s manual (figure 1) and training investing a
total of $155, the owner of the company recorded the
number of installations of the last 6 months to know the
number exact number of accessories needed in the
warehouse, obtaining a total of 2813, which was verified
through an account. At the time of organizing the new
warehouse, this was greater than the amount they
handled for 6 months in 2022 of 2,349, which justified
the lack of materials when putting together a kit. With
the above, it is observed that the use of the warehouse
occupies almost 80%, helping to reduce the main
problem of the problem and giving a more efficient use
of space.
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Figure 1. Format MRP

Table 1: Comparison of warehouse utilization

AS-IS REAL
Capacity Used 2349 2813
Warehouse 64.29% 76.98%
utilization

For the second validation methodology, we will
take into account the number of services served in the
month of September 2023, which was a total of 16, of
which in only 2 cases there was a shortage at the time of
installation because in these cases If the materials and
accessories had factory defects or the operator caused
damage when handling them, for example, when there is
a defect in a Teflon tape for hot water, it is purchased on
the spot, at a cost of $2.14 compared to what the supplier
offers, which is $1.34. With the above, it can be
concluded that cases of stock outages due to problems
such as lack of materials in the warehouse or poorly
assembled installation kits decreased significantly. For
this, virtual training was carried out, complemented with
instructions, as shown in Figure 2 which focused on key
concepts of the model, associated costs and the practical
resolution of a real case with a cost of $155.
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Table 2: Comparison of stock breakage cases during the
month of September 2022 and 2023

AS-IS REAL
No. of Stock 13 2
Breaks
Additional cost | $433.72 $66.73
involved

For the ABC method, the third manual training was
carried out at a cost of $155, highlighting the importance
of ABC classification to correct disorganization in the
warehouse, which causes delays in the selection of
materials. The warehouse was divided into three zones
(C, B and A) according to unit costs, facilitating effective
classification. Consequently, the warehouse was divided
into three zones according to the unit costs of each,
which range from $0.27 to $9.35. With the previous
information, the warehouse was divided into 3 groups
for a correct classification, which will be from 0.27 to
2.41 dollars for zone C, from 2.67 to 5.34 dollars for zone
B and finally from 5.61 to 10.69 dollars for zone A. This
new organization will allow the highest cost items to be
prioritized, streamlining the assembly of installation kits
and reducing incidents by 50% thanks to greater
knowledge by staff of the location of each item. It is also
expected to ensure the necessary quantities and avoid

delays. The new warehouse required new shelves, trays,
markers, etc., which meant an investment of $7,233.43.
Below you will see the before and after of the accessories
warehouse (Figure 3 below).

Figure 3: (a) Before Implementation; (b) After
Implementation

That is, the problem arose where the workers in
charge of the installation took more than an hour to
assemble a kit before providing the service, this
generated delays and the possibility that the kits could
not be completed properly due to no stock available in
the deposit. Therefore, after the reorganization of the
warehouse, the assembly time required by each operator
was recalculated, where it was calculated that the
appropriate sample size is 12 installation services. After
taking the time, it was found that each operator currently
takes between 28 to 38 minutes, resulting in a significant
decrease when using the new warehouse implemented.

Table 3: Comparison of the average assembly time of 1
installation kit

AS-IS REAL
Average time of | 60 minutes 28 minutes
Operator 1
Average time of | 70 minutes 38 minutes
Operator 2

65 minutes 33 minutes

Fourth, there were cases in which the company
incurred extra expenses for staying more than one day in
another city for the installation of one or more hot
springs, this cost amounted to US$69.61. This problem
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could be caused, on the one hand, by a lack of accessories
in the warehouse or poor planning of the necessary
installation kits, causing delays and extending the time in
which the service was provided. On the other hand, a
cause of this problem could also be produced by weather
changes, but these are less frequent. With this validation
it was demonstrated that since the implementation of
the new warehouse only 1 case was generated in
September due to heavy rains, but on no occasion was it
caused by lack of materials or accessories, which
indicates that with the improvement these cases can be
minimized or avoided, since the records of the year 2022
identified 3 cases in total, where 2 were due to lack of
accessories and 1 due to weather conditions.

Table 4: Comparison of cases of stock-outs and extra
expenses presented at facilities in other cities

AS-IS REAL
Total cases of installation in | 3 3
other cities
Cases of delay due to weather | 1 1
problems
Cases of stock out of stock 2 0
Total extra costs $208.52 | $69.51

Finally, after obtaining the results, the economic
flow before and after implementing the improvement in
the company studied was carried out. For the first flow
we considered the company's recorded data from
January to August 2023 and for the second flow we
collected data from September and October, and a
projection was made from November to April 2024. In
addition, an investment of US$981.92 was added to carry
out the implementation of the improvement, which
involves the costs used for the redesign of the warehouse
and the ABC, MRP and EOQ classification tools.

Table 5: Comparison of economic flows before and after the

upgrade

Before After Variation
0 0 $981.92
1 $1376.52 $1926.2 $549.68
2 $1486.75 $1486.75 $258.74
3 $1694.76 $1494.13 -$200.63
4 $1875.56 $1561.00 -$314.76
5 $1513.38 $1128.41 -$384.97
6 $1513.38 $1835.18 $321.8
7 $1034.36 $1925.52 $891.16
8 $1623.57 $2153.29 $529.72
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4. Discussion

By conducting a thorough review of the
organization, identifying its limitations, indicators and
existing challenges, it is concluded that there are
opportunities for improvement. This is due to the
presence of manual processes and lack of
standardization, factors that cause delays in work
operations. In other words, the lack of standardization
and reliance on manual processes not only results in
delays in operational efficiency, but also increases the
likelihood of human error. This can have a negative
impact on product or service quality, customer
satisfaction  and, ultimately, the company's
competitiveness in the marketplace. However, through
the application of engineering tools, it is possible to
address and improve existing problems. This is because
these tools not only allow processes to be automated and
standardized, reducing execution times and minimizing
errors, but also offer the opportunity to take advantage
of advanced technologies to further optimize efficiency
and quality. It is crucial to consider the importance of
evaluating various aspects of the environment to ensure
efficiency and prevent possible future damage. This
involves considering not only the internal aspects of the
company, but also market trends, competition and
regulations. This ensures that the company is aligned
with the changing demands of the business environment
and is able to maintain its position in a constantly
evolving market. In this respect, it is essential to analyze
the forty scientific articles with which we conclude that
the use of the three tools is a good option to solve the
same problem and more precise results are obtained
compared to the cases presented in the state of the art
where one or maximum two tools are used.

It was important to make a comparison of the
disparity in stock failures of the same company between
the years 2022 and 2023, in relation to the percentage of
cases of a micro and small company (mype) dedicated to
commercialization. During the year 2022, a disparity of
31.11% was evident, calculated by the difference
between the 47.78% of cases of stock breakage in the
company under study and the 16.67% of an entity
mentioned in a scientific article. This entity sought to
implement an operational tool to help companies
efficiently organize their warehouses, with the objective
ofimproving the level of service due to losses in sales and
clientele [16]. However, in the year 2023, a significant
decrease was recorded, with a gap of 15.99%. This was
based on the consideration of 65 cases of stock breakage
out of a total of 199 cases, representing 32.66%. It is



worth noting that this calculation took into account that
implementation began in September, reflecting
improvements in the project from that time onwards.

By employing the three improvement strategies,
namely MRP, EOQ and ABC Classification, their high
effectiveness in decreasing the company's inventory
shortage was evidenced. The MRP tool played a crucial
role in accurately determining the capacity required to
meet all the demands of the solar thermal installations,
achieving a significant increase of 76.98% from the
previous level of 64.29%. As for the second tool, the EOQ,
it not only helped to identify and reduce the incidence of
stock-outs in September, decreasing it from 81,25% to
12,5%, but also proved essential in calculating the
additional costs associated with that month, generating
an increase of only $66.70 compared to the previous
$433.72. Finally, the ABC Classification stood out as the
most relevant strategy to address the problem under
study. This tactic allowed for an efficient reorganization
of the materials warehouse, simplifying the location of
accessories needed to assemble an installation kit. The
time required to locate each of these elements was
evaluated, achieving a reduction of almost 50% in search
times, thus improving the efficiency of the workers.

Concluding the economic impact analysis, the
feasibility of implementing the improvement tools in the
company has been ratified. The amount of investment is
affordable for the company, and it is anticipated that it
will be recovered in less than one year. In addition, this
investment promises to generate improved profitability
compared to the alternative of not implementing the
improvement, since higher revenues are projected in the
first eight months, with an increase of $1650.94 with
respect to the economic flow prior to implementation.
This increase will help amortize the $981.54 investment
in less than a year. Beyond economic gains, this
investment also contributes to environmental
sustainability. By optimizing resources and energy
consumption, the company not only reduces operational
costs but also lowers its carbon footprint, aligning with
global efforts to mitigate climate change and promote
sustainable business practices

5. Conclusion

This paper concludes that the development of the
state of the art is important to understand the challenges
and opportunities faced by the company to improve its
efficiency and increase its profitability. In addition,
integrating solar thermal systems presents a significant
opportunity to reduce operational costs and
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environmental impact. The adoption of these sustainable
technologies not only contributes to energy savings but
also aligns the company with global environmental goals,
enhancing its corporate social responsibility and
fostering a positive public image. To this end, it was
essential to identify the causes that produced the
stockout to understand the situation of the company at
the time of providing the solar thermal installation
service. In addition, the analysis of the background
allowed us to identify the best strategies to implement in
the improvement and make the most appropriate
decisions. Also, the analysis and diagnosis made on the
stock breakage through the use of industrial engineering
tools provided us with an important basis for making
decisions based on real data, so that we identified the
causes of the problem and with it we could identify the
best tools to reduce the number of cases, which was
achieved for the month of September 2023 to reduce 8
cases compared to 2022.

After classifying the different scientific articles
included in the research work, it was concluded that one
of the tools to mitigate the problem is EOQ, since it
allowed optimizing inventory management and
addressing the problems related to the availability of
accessories and materials at the time of providing the
service. By calculating the optimal order quantity, it was
possible to minimize total costs and maintain inventory
costs by spending $66.73 in the month of September
2023 alone, as opposed to the $439.07 spent in 2022.
Likewise, the amount of inventory needed by the
company to meet demand is reduced and stock-outs are
minimized. Another of the tools implemented in the
improvement project is MRP, since it focuses on the
planning and supply of accessories. During the
implementation, it was possible to obtain an accurate
planning and adequate control of the warehouse supply,
finding an adequate capacity of 76.98% to meet the
needs. The ABC classification was the last tool that was
used, which allowed us to distinguish and separate each
of the accessories and materials according to their prices
and thus be able to reorganize the area established for
storage. This tool allowed us to reduce the time required
to assemble the installation kits, which previously took
an average of 2 workers 72 minutes, but with the tool
this time was reduced to 33 minutes.

Finally, after performing the analysis and
economic flow, it is concluded that the implementation
of the improvement proved to be a viable decision for the
company and, in addition, the investment made for it can



be recovered within a month of implementation, being
profitable for the organization of San Martin, Peru.
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