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1. INTRODUCTION

Simulation is an essential tool for managerial decision-making. Its concept refers to the imitation of a reality-
based scenario to estimate the performance of a process over time. (Zarza, 2023).

For this reason, Chica et al. (2024) It expresses that this mechanism is of vast importance for productive
systems, because this area of economics and engineering requires designing models that, when simulated, can guide
management to efficiently resolve a specific problem and generate continuous improvement in each context.

They agreed with this assessment Ynzuza et al. (2017), They pointed out that smart manufacturing is moving
toward the virtual or digital representation of production systems, imitating their real-life operation to predict their
success or failure, where simulation is one of the essential tools for adding value to processes and products.

In the same way, Guzman e Hincapié (2024) They considered that simulation is an appropriate mechanism for
optimizing manufacturing activities in any of its specific areas.

For your part, Castro et al. (2020) It states that simulation should be a phenomenon analyzed in the training of
workers in manufacturing industries, due to its broad scope of production systems and the advantages it offers for
economic development.

Another investigation carried out by Lira et al. (2023), It points out that manufacturing companies need to
apply simulation methods, which constitute a great support in the design, development and continuous improvement
of infrastructure, products, services, including logistics, complementary and after-sales activities, whose benefits are
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linked to the maximization of efficiency, precision, safety and economy, also contributing to the continuous
improvement of quality through compliance with standards and guaranteeing the maximization of customer and
stakeholder satisfaction.

In Ecuador, in accordance with Izurieta et al. (2024) Greater use of simulation systems is required by
production managers, because the industry and the application of these intelligent digital mechanisms are closely
related.

In the same way Moposita et al. (2024), has highlighted the need to incorporate the Lean Manufacturing model
in modern factories, where simulation is included as a method referenced to the optimization of indicators of
production systems and the continuous improvement of quality and organizational competitiveness.

Given this situation, it is worth highlighting the problem that Ecuadorian productive systems are currently
facing, which are struggling with instability in their growth, generating negative repercussions on national
development, because the manufacturing sector is one of the sectors considered a cornerstone in the progress of
nations, therefore, its weakening is a phenomenon that requires rapid and successful solutions for the well-being of
the community. (Vallejo & Sarmiento, 2023).

In this context, the simulation method emerges as an essential tool to guarantee the progress of productive
systems, effectively contributing to managerial decision-making, minimizing process times and promoting the
improvement of productivity and competitiveness, which can greatly impact the generation of sources of work.

It is also noteworthy that, according to Villarreal et al. (2021), waiting lines can not only cause production
delays, but also directly affect organizational productivity and competitiveness. It is necessary to establish
mechanisms to measure this delay and prevent its occurrence, with queuing theory being an essential method that
can be included in simulation techniques.

Regarding queuing theory, Burbano et al. (2024) have recognized that it is part of the management of
production and service systems, where the use of mathematical models can contribute to the optimization of
production processes and the minimization of operating costs.

Indeed, according to Loor et al. (2022), queuing theory is one of the methods used in simulations to optimize
production lines and directly improve customer satisfaction. In this context, the simulation method emerges as an
essential tool for ensuring the progress of production systems, effectively contributing to managerial decision-
making, minimizing process times, and fostering improved productivity and competitiveness, which can
significantly impact job creation.

For this purpose, the article of Bernal y Bernal (2021) showed that simulation is an important and essential tool
for processes, since it allows for the promotion of new capabilities, strengthening technological advancement and
sustainability. Furthermore, companies benefit from reduced scrap costs and even the minimization of time-
consuming work activities, as well as from the use of resources in the social, economic, and environmental sense.

Similarly, the article by Pefia y Felizzola (2020), He highlighted that the application of simulation in discrete
activities had an improvement in the capacities of the production process, these being the findings obtained by the
Throughput performance indicators, which demonstrates that the reprogramming in production increased by 38.7%,
9.57% and 56.62% in the production of corn tortillas, tortillas of promise and wheat flour tortillas, in addition their
use increased and the waiting time of each of the actions was reduced, obtaining efficiency and increase in
production capacity.

Another article taken from the literature review was from Mendoza et al. (2022), who carried out 10 replicas of
an industrial process for 30 consecutive days, in 8-hour shifts daily, expressing the simulation with the Arena
software that it is necessary to hire another operator, because the current ones work more than 90% of the available
time, without rest and this constitutes a restriction to achieve improved productivity.

Added to this is the study of Lopez (2019), Through several experiments, it was identified that racks must be
delivered in a timely manner to reduce additional costs due to delays. From this, it was established that simulation
can be used to detect delays that affect the manufacturing of the company's products. Therefore, it is important to
implement simulations that are close to reality and ensure the manufacturing process.

Similarly, the research carried out by Mares et al. (2024) Regarding the evaluation of whether the footwear
process through simulation is efficient, it was shown that the implementation of strategies to improve productivity
significantly reduces transfer times and the sequence of operations. In this particular case, the Lean approach was
applied to optimize employment times. Therefore, the integration of simulation was effective in footwear
manufacturing.

Also, Hernandez et al. (2023) He expressed among his findings that the digital simulation tool was essential to
establish the most convenient material for the interests of the business in the manufacturing sector, including the use
of the physical prototype and the design and development of the article, according to its performance and the
improvement that is intended over time.
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Furthermore, the objective of this article has been to determine how simulation has become an essential tool for
production optimization, taking the case of plastic pipe manufacturing to estimate its decisive contribution to
industrial and economic development. The scope of the article is associated with the production plant of a plastic
pipe factory in the Duran-Guayas-Ecuador canton.

The investigative novelty lies in the investigative approach of queuing theories, generally carried out in service
companies, however, in the case of this article it is carried out in a manufacturing company to estimate bottlenecks
and their possible solution by applying simulation as an engineering technique, supported using Arena software, to
take advantage of the available technological resources.

2. MATERIALS AND METHODS

The approach applied in the present study corresponds to the quantitative one, which focuses on the description
and explanation of phenomena through numerical data, so that the information can be interpreted more accurately
and the results are presented impartially (Calle, 2023). In the research context, the quantitative approach allows us to
demonstrate the impact that simulation has on optimizing the manufacturing of plastic pipes.

For its part, descriptive research was used, which, according to Guevara et al. (2020), It details the behaviors of
a specific situation in their form and how they manifest. Through this type of research, the key components in the
manufacturing process of plastic pipes were described prior to the implementation of the simulation.

In addition, documentary research was used which, according to the criteria of (Sandoval, 2022) consists of
gathering information supported by scientific evidence or in the context where the events occur, to substantiate the
research phenomenon. For this purpose, the data for this study were collected in the plastic pipe manufacturing
industry.

Similarly, the population that, according to Mucha, was taken et al. (2021), corresponds to the total number of
cases or elements that share a common characteristic with the subject of study. Thus, the universe of this research
consists of three mills, 30 injection molding machines, and 20 extruders from a plastics manufacturing company.

In relation to the collection of information in this, the indirect observation technique was used, which was
based on the perception of Feria et al. (2020), It consists of the researcher analyzing evidence of the phenomenon
under study, that is, based on secondary information. In turn, the report or record of a plastic goods producing
company was used as a research instrument.

According to Gary et al. (2025), the simulation carried out at the plastic pipe production plant required the use
of Arena software. This software used a random number distribution with exponential probability to calculate the
queue formed in each of the plant's machines, recognizing that the exercise was only performed in the grinding,
extrusion, and injection areas.

The methodological procedure was carried out in stages, as presented in the following items :

*  Monthly records were taken of current and expected production at the plastic pipe production plant, both
in the milling area and in the extrusion and injection molding sections. Based on these results, statistical
graphs were created indicating their behavior.

* Using these results, the production averages were calculated for the milling, extrusion, and injection
molding areas.

*  Next, the Arena software was used, assuming exponential probability distribution. To do this, the first step
is to use the create button, where the extrusion and injection molding areas are specified.

*  Subsequently, the simulation was linked to the chosen decision symbols, which were Decide and Hold.

*  The plastic pipe production process was then simulated, demonstrating the three mills. These process raw
materials are used to supply 30 injection molding machines and 15 extruders. Therefore, each mill must
supply 15 machines, given that the total number of machines is 50.

*  When the Arena software is run, a report is automatically generated in the Crystal Report program with the
results of the plastic pipe queue that is typically generated from the grinding area to the extrusion and
injection section.

+ It is necessary to repeat the process of calculating the tail in the plastic pipe production system using
Arena software, adding a greater number of mills, until the production capacity of grinding and extrusion
or injection is balanced.

Regarding the main parameters of the simulation model, it is indicated that if the result of the exercise <60

minutes, then the assumption is that the finding is acceptable, otherwise, there is a bottleneck.
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The first step in the methodological procedure consisted of collecting information on the production of plastic
pipes. The data collected was then processed to statistically outline the manufacturing behavior of these goods, as
shown in Table 1 and Figure 1.
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Table 1. Monthly Variation in the Plastic Pipe Production Process

Months Shipping in Kg. Variation %

January 1.391.676

February 1.361.538 -2,17%
March 1.540.968 13,18%
April 1.465.080 -4,92%
May 1.448.964 -1,10%
June 1.540.767 6,34%
July 1.566.525 1,67%
August 1.618.992 3.35%
September 1.553.781 -4,03%
October 1.485.369 -4,40%
November 1.517.637 2,17%
December 1.555.578 2,50%

Total 18.046.875

Note. Record provided by the plastic pipe manufacturing company.

[ 1.391.676
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1.555.578

Figure 1. Monthly Variation in the Plastic Pipe Production Process
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The monthly production trend for plastic pipes has been uneven, peaking in August and declining in January.
The following average daily production results in the grinding, extrusion, and injection molding areas are
noteworthy:

Grinding:

Average daily production = Annual production X 1
Working days of the year No. Mills

Average daily production = 18.046.875 Kg. x 1

311 days 3 mills

Average daily production = 58.028 Kg/day = 58,03 Ton/day = 2,42 Ton/hour

Extrusion and injection:

Average daily production = Annual production X 1 Ton. x 1
Working days of the year 1.000 Kg. 15 machines
Average daily production = 18.046.875 Kg. x 1 Ton. x 1

311 days 1.000 Kg. 15 machines

Average daily production = 3,86 Ton/day

From these results, the Arena software is applied, using the Create, Decide and Hold buttons, as seen in the
annexes section and when running the program, the following report is obtained in figure 2:

I KEY PERFORMANCE INDICATORS

Resource

Usage

Instaneous Utilization Average Half Width Minimun value | Maximun value
Windmill 1 0,20 (Insufficient) 1,10 1,25
Windmill 2 0,23 (Insufficient) 1,10 1,25
Windmill 3 0,26 (Insufficient) 1,10 1,25

Sceduled Utilization

Windmill 1 0,20

Windmill 2 0,23

Windmill 3 0,26

Time Other

Extrusion Machines (Windmill 1) Queue 0 (Insufficient) 0 0
Extrusion Machines (Windmill 2) Queue 0 (Insufficient) 0 0
Extrusion Machines (Windmill 3) Queue 0 (Insufficient) 0 0
Extrusion Machines (Queue) in minutes 72 (Insufficient) 0 80

Figure 2. Indicators Obtained from the Arena Program in Crystal Report. Note: Rockwell Arena software.

The report obtained from Crystal Report shows some specifications in detail, such as the average time required
by the mills, which in this case are 3, to supply 3.13 tons per hour, which is required by the 30 injection molding
machines and 15 extruders. Therefore, it would take approximately 72 to 80 minutes maximum. Therefore, if one of
the mills is delayed, this should be at least 12 minutes per hour. In fact, when these delays occur, the machinery
cannot carry out the process normally, thus creating a bottleneck.

With the proposed addition of an additional mill to the existing three, the exercise varies. After operating with
the Arena software (see appendixes), running this program, the following report is obtained in Figure 3:
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I KEY PERFORMANCE INDICATORS

Resource

Usage

Instaneous Utilization Average Half Width Minimun value | Maximun value
Windmill 1 0,20 (Enough) 1,00 1,05
Windmill 2 0,23 (Enough) 1,00 1,05
Windmill 3 0,26 (Enough) 1,00 1,05
Windmill 4 0,30 (Enough) 1,00 1,05
Sceduled Utilization

Windmill 1 0,20

Windmill 2 0,23

Windmill 3 0,26

Windmill 4 0,30

Time Other

Extrusion Machines (Windmill 1) Queue 1 min. 0 (Enough) 0 0,00
Extrusion Machines (Windmill 2) Queue 2 min. 0 (Enough) 0 0,00
Extrusion Machines (Windmill 3) Queue 3 min. 0 (Enough) 0 0,00
Extrusion Machines (Windmill 4) Queue 4 min. 56 (Enough) 0 61,00

Figure 3. Proposed Indicators Obtained from the Arena Program, in Crystal Report.

EASI UG

This report shows that the lead time of the linked mills must be sufficient to meet the extruders and injection
molding machines. Therefore, this should be reduced from approximately 72 to 56 minutes, with the maximum time
being only 61 minutes per hour of production, although the increase in the mill makes it important to cover capacity.

The results obtained allow the operator to analyze the delay time, which is a maximum of 2.22 minutes per
hour from the mills and then moving to the extruder and injection molding machine. This contributes to a 10-minute

reduction in the process.

Indeed, it is highlighted that, through this computer system, the process can be improved, reducing production
time from the mill machine to the extruders and injection molding machines, as shown in the following figure 4:

l KEY PERFORMANCE INDICATORS

Resource

Usage

Instaneous Utilization Average Half Width Minimun value | Maximun value
Windmill 1 0,20 (Enough) 1,00 1,05
Windmill 2 0,23 (Enough) 1,00 1,05
Windmill 3 0,26 (Enough) 1,00 1,05
Windmill 4 0,30 (Enough) 1,00 1,05
Sceduled Utilization

Windmill 1 0,20

Windmill 2 0,23

Windmill 3 0,26

Windmill 4 0,30

Time Other

Extrusion Machines (Windmill 1) Queue 1 min. 119 (Enough) 0 132,00
Extrusion Machines (Windmill 2) Queue 2 min. 94 (Enough) 0 106,00
Extrusion Machines (Windmill 3) Queue 3 min. 72 (Enough) 0 80,00
Extrusion Machines (Windmill 4) Queue 4 min. 56 (Enough) 0 61,00

Figure 4. Number of Iterations to Optimize the Process.
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Indeed, the execution of the three mills using the Sand system contributed to the identification of the number of
machines, thereby optimizing the process. Therefore, the waiting time can be reduced to 20 minutes for three to four
mills. These findings demonstrate the viability of the tool through the implementation of queuing theory, resulting in
the following Table 2:

Table 2. Comparison between Initial and Final Result with Queuing Theory

Description With 15 extrusion machines, 30 With 20 extrusion machines, 30
injection machines and 3 mills injection machines and 4 mills
Minimum  waiting time for 72 minutes 56 minutes
products in the queque
Minimum  waiting time for 80 minutes 61 minutes
products in the queque
Tail length (Lq) 0,55 0,16
Service rate or wainting time 12 to 20 min. Waiting/every hour 1 to 2,22 min. Waiting/every hour
(Wq) of production of production

By applying the queuing theory model, it was found that the wait time for the material extraction and injection
machine with the four mills in production was minimized from 12 minutes to 1 minute, which contributes to
optimizing the production of these items.

Therefore, by increasing the fourth mill in the production plant, this will contribute to reducing the time from
11 minutes to 17.6 minutes, eliminating the bottleneck, which until now has been considered a negative factor in the
production of these pipes, increasing costs for the company.

The results demonstrated that it was possible to optimize the production process in a plastic pipe manufacturing
plant by increasing the number of mills to eliminate the restriction in the supply of material from the grinding area to
the extrusion and injection areas. This data was obtained through the application of Arena software and the
development of a simulation.

In the production plant, a restriction in the manufacturing system was evident because the grinding area did not
meet the supply required by the extrusion and injection machines. Therefore, the decision taken when simulating
this manufacturing activity was to increase the number of mills from three to four to eliminate the existing
bottleneck and optimally supply the next extrusion and injection sections, even increasing the company's installed
capacity in the next five years to support projected growth in demand in that latter time. In addition, a reduction in
the production process time was calculated from 72 to 56 minutes, also reducing the waiting time by 16 minutes
(22%), with the suggestion of implementing one more mill in the grinding area, justifying this measure because
these machines have more than 10 years of useful life and the execution of the maintenance of the existing ones will
not be able to ensure compliance with the expected objective of balancing the production lines.

A comparison of these findings with those obtained by Pefia and Felizzola (2020) corroborates the contribution
of simulation methods to optimal decision-making in a manufacturing plant, observing time reductions of 38.7% in
the production process and production increases of 9.57%, as reported by the authors of this study.

Also, in the study by Mendoza et al. (2022), results showed a 20% optimization of production, with a reduction
in downtime and the elimination of constraints. Their problem-solving method used Arena software and product
queue simulation.

Another study, taken as a comparative reference in this section by Lopez (2019), showed that the application of
simulation mechanisms not only identified delays in order delivery and downtime in the production process, but also
ensured a 15% to 20% increase in productivity in a plastics manufacturing plant.

Furthermore, Bernal and Bernal (2021) indicated that, through simulation, scrap costs were minimized in a
factory producing items made from plastic resin, thereby contributing to the application of sustainability principles
in this industry.

Similarly, Mares et al. (2024) demonstrated that the application of the Lean Manufacturing approach was
decisive in integrating the results of industrial simulation into the production process, achieving significant
productivity increases of over 10%.

Given these results, Hernandez et al. (2023) highlighted the need to enhance the use of simulation as a method
to foster continuous improvement in industry and thus generate the expected economic development of the nation.
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CONCLUSIONS

It was concluded that, with the addition of a mill, it was possible to adequately supply the extrusion and
injection sections, even projecting an increase in the demand for plastic pipes in the company where the case was
presented, with direct repercussions for this productive sector. This demonstrates the importance of the simulation
method in the optimization of manufacturing systems, as well as its decisive contribution to decision-making that
firmly contributes to improving the productivity and competitiveness of organizations belonging to the
manufacturing area.

In other words, it is necessary to apply methods that contribute to the elimination of restrictions in production
systems and the improvement of business competitiveness. In this case, in the plastic pipe manufacturing sector,
simulation techniques have become an essential tool in manufacturing organizations. Simulation techniques must be
conveniently integrated into all areas of the production process to ensure successful decision-making in the supply,
design, development, manufacturing, marketing, and after-sales service of the different products produced in these
industries.

Finally, the interest of industrial sector experts in welcoming the results of this research was expressed, as it
demonstrates the optimization of production systems in a plastic pipe manufacturing plant. This situation can be
adapted not only to this business context but also to any economic sector in the manufacturing sector. The use of
simulation constitutes a mechanism that contributes to the economic development of this productive sector and has
positive repercussions for the progress of the nation and for promoting technological development in Ecuador.

Therefore, the projection of the future line is linked to the application of simulation in logistics areas, where
products such as plastic pipes or other types of goods are shipped, in addition to potential cost savings and the value
of conducting periodic simulations, considering limitations such as demand variability.
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