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Abstract— Currently, availability is one of the most relevant
indicators in the fishing sector. This is because it allows for increased
productivity and efficiency, which are affected by unplanned
downtime. Additionally, there is a significant amount of research
proposing the use of TPM as a solution tool. Furthermore, successful
cases recommend the use of SMED for high setup times issues.
Technological advancements have also made their way into the food
industries, as seen in the case of Industry 4.0. Based on this, the
purpose of this article is to improve production and minimize
operational costs due to urgent repairs and production losses. The
case study is carried out in a fishing company where low machinery
availability is one of the main problems. Therefore, the proposed
solution model suggests implementing the following TPM pillars
along with SMED: autonomous maintenance and planned
maintenance. Additionally, the use of Industry 4.0 devices is
proposed. Likewise, there is a goal to increase availability by 10% in
critical machines in the drying and pressing processes. Furthermore,
a 27% reduction in setup time is targeted. In this way, it is believed
that the study will contribute to the literature on the implementation
of TPM, SMED, and Industry 4.0 tools to increase machinery
availability in a fish processing company in Peru.

Keywords-- Fishmeal, availability, planned maintenance,
SMED, Industry 4.0

I. INTRODUCTION

The fishing sector is one of the most relevant globally, as
over the years, the commercialization of its products has
increased significantly. This is evidenced by its contribution
during 2022, with an international trade value equivalent to
USD 151,000 hillion [1]. In recent years, Peru has become the
leading exporter of fishmeal and fish oil. However, growth was
affected by environmental phenomena, resulting in a 13.7%
decline in manufacturing GDP [2]. By the end of 2022, the
fishing sector experienced a higher export value, reflected in a
6.0% increase, ranking the sector as the third-largest contributor
to foreign exchange in the country. Likewise, fishmeal ranks
first among all products in the sector, contributing 44.5% to the
total [1]. On the other hand, fishing industry facilities involve
numerous processes ranging from harvesting to production,
marketing, and export of fishmeal, canned goods, fish oil,
among others. One of the main problems facing the sector is the
need to process catches within a specified timeframe since raw
materials cannot be stored in warehouses for more than 2 days
[5,6]. Additionally, the fishmeal production process results in a
large amount of waste, which is detrimental to plant facilities,
the quality of

the final product, and the environment. Therefore, a series of
regulations must be implemented [3,5] within facilities to
ensure product quality and compliance with the basic
requirements for production sales. Subsequently, [3] indicates
that the sector must have fixed plans to ensure cleanliness and
order in the workplace.

The raw material yield is an indicator that consists of the
variables of plant capacity in finished product and incoming
raw material, resulting from the division of the former by the
latter [6] [4]. This is an indicator approved by the FAO,
establishing that the fishmeal sector maintains a value of 30%
[5]. The company in the case study has a raw material yield
indicator of 21%. Therefore, there is evidence of a 9% gap
compared to the standard. The low level of raw material yield
in the company is influenced by unplanned downtime [7,12]
and high setup times, motivating the search for tools to
overcome the situation. Yield is important in companies, as it
allows the identification of problems related to process
efficiency, availability, and quality [6]. Moreover, the high
number of breakdowns resulting from unplanned downtime can
compromise other key indicators in the company, such as
product quality or delivery time. In previous studies, companies
from different countries have sought to increase machine
availability and reduce setup times, yielding different results. In
a case study within a feed manufacturing company, the
implementation of autonomous maintenance and planned
maintenance helped achieve a 7% increase in critical machine
availability and a 53% reduction in repair time [7]. In another
study, the implementation of autonomous maintenance,
planned maintenance, and 5S resulted in a 13% increase in
availability in the line with the highest number of breakdowns
[8]. Similarly, a case study succeeded in increasing availability
by 0.16% and reducing annual maintenance costs by 20.32%,
thanks to the implementation of preventive maintenance and
Reliability-Centered Maintenance [9]. As for setup time
reduction, studies by [20] and [36] resorted to using SMED to
reduce changeover times by 30% and 35%, respectively.

The involvement of management in implementation is often
highlighted in research as a success factor for TPM and SMED.
Considering that all the research is deemed highly significant,
as it seeks to create a model that can be applied to
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different companies in the same sector in Peru. This will involve
the implementation of two pillars of Total Productive
Maintenance: ~ Autonomous  Maintenance and  Planned
Maintenance, along with the SMED tool. To validate it,
simulation methods in the Arena software will be employed.
Similarly, it also aims to encourage new generations to research
the issue and help restore fishing values to pre-2020 levels.

This article will address the State of the Art in Section II, where
findings in the literature regarding the tools to be employed are
discussed. The third section will develop the proposal's
contribution based on the implementation of SMED, autonomous
maintenance, and planned maintenance. Finally, the validation of
the solution model and the bibliographic references will be
concluded in Sections IV and V, respectively.

Il. LITERATURE REVIEW

A. TPM Tool

To reduce unplanned downtimes, the implementation of
TPM is suggested to improve equipment availability and
prevent failures, emphasizing the importance of communication
among personnel. A case study achieved an increase in OEE
from 71.46% to the initial 68.98% [10]. Likewise, other studies
show that the application of this tool led critical areas to reduce
unplanned downtime by 34% [11]. On the other hand,
innovative approaches combining Industry
4.0 with TPM are proposed, using sensors to collect real-time
data and reduce breakdowns. This model allows us to achieve
zero breakdowns in the most frequent cases, increasing
machinery availability by 12.5% [12]. Furthermore, the
combination of TPM and Industry 4.0, focusing on critical
machines, is proposed. Although innovative, implementation
across multiple machines remains a challenge [13]. Similarly,
these studies emphasize the importance of performance
indicators, adding methodologies such as DMAIC to improve
data analysis and reduce production stoppages [14], [15]. The
implementation of TPM methodologies and personnel training
are key aspects in these studies [16].

In summary, these studies present a variety of approaches
and models to address unplanned downtimes in fish flour
processing companies, highlighting the importance of
communication, real-time data analysis, and personnel training
as fundamental elements to improve equipment performance.
At first glance, the articles emphasize the importance of
implementing the TPM philosophy to address equipment
underperformance, specifically the Overall Equipment
Efficiency (OEE) indicator [13]. It is recognized that improving
this indicator is achieved through the improvement of its
components: quality, availability, with performance being a key
component of interest for the present topic. The approach of
combining TPM with technological innovations together with
STPM to adapt TPM to sustainability and

Industry 4.0 [17]. On the other hand, the concepts of these tools
allow eliminating problems of excessive times in the production
process [18].

B. Asset Tracking

In the literature review, studies are considered where the
production system consists of interconnected automated
stations, similar to the current case study. [4] states that an
appropriate maintenance management strategy is based on
breakdown maintenance, preventive maintenance, and
condition-based maintenance. Similarly, [39] assumes that
inefficient maintenance management results in low availability
in production lines with gaps of more than 20% above the
target. Through indicators such as mean time between failures
and mean time to repair, and Ishikawa diagram analysis, they
concluded that one of the main causes was poor management
and practice of equipment cleaning and lubrication. [32] applied
a VSM where they identified excesses in setup times,
reprocessing, and mechanical breakdowns. One of the causes of
this problem is the peeling machine, which presents waste in
the channels that transport the product. Furthermore, this is
detrimental as residues get stuck between compartments,
hindering cleaning. Therefore, the activity was assigned to a
single operator per station with the assistance of using a rod that
can enter compartments that cannot be reached. Similarly,
[19] also turns to VSM but uses it to improve process efficiency
by eliminating non-value-added activities. This reduces the
time spent on these activities by 15.47%. On the one hand, [20]
identified high times and costs for maintenance activities due to
the large number of worn-out parts during the process. For this
purpose, a diagram was used to track maintenance area
activities to identify abnormalities. Furthermore, a log sheet
describes the anomalies and performs autonomous maintenance
based on TPM's Pillar Il. On the other hand, [21] employed
maintenance strategies based on TPM's pillars. These strategies
are categorized into providing instructions, training operators,
scheduling, acquiring new resources such as thermometers, and
ensuring cleanliness of work areas.

C. Maintenance Management Strategies

The reviewed studies apply the SMED tool with the aim of
standardizing work methods and optimizing the time for each
activity. In the case of [22], the combined application of SMED
and Centerlining is highlighted to maximize results. On the
other hand, [23] identify critical activities to reduce their
duration, proposing the integration of supervisors and the
reorganization of the process. In a similar vein, [24] mentions
the presence of other types of waste in the food industry, in
addition to the setup times reduced by SMED. [25] use VSM to
identify non-value-added activities, proposing the optimization
of the number of operators in key stations. Conversely, [26] and
[27] address the inefficient distribution

234 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of

society”. Hybrid Event, Mexico City, July 16 - 18, 2025



of activities, proposing solutions such as plant redistribution
and the implementation of VSM. In similar cases, the 5S tool is
proposed to improve plant organization, as seen in the studies
by [28], [29], where notable improvements in various aspects
of the company are evidenced. Finally, tools for reducing
breakdowns such as Reliability-Centered Maintenance (RCM),
proposed by [9], [30], aim to optimize maintenance costs and
improve system availability.

D. Industry 4.0

One of the new trends in industrial engineering is Industry
4.0. This has been considered in recent studies for its usefulness
in facilitating decision-making and improving maintenance
performance in companies. Additionally, it can be aligned with
the principles of TPM (TORTORELLA). Industry 4.0 has
helped improve availability, productivity, cost reduction, and
flexibility in companies. In the study by [7], it was implemented
using the internet and loT services along with TPM pillars to
reduce downtime on the most critical machine. Likewise, a
maintenance model considered Industry
4.0 to monitor machines in a company and obtain essential
operational data to calculate indicators and improve decision-
making [13]. The decisions in the case involve better planning,
scheduling, and execution of maintenance in a more precise
manner. Similarly, a study by [12] also included the use of
sensors to implement TPM. In this case, the goal was for
sensors to help predict equipment failures and reduce them by
95%.

I11. METHODOLOGY

The process begins with draining the anchovy, then cooking
where a loss of solids occurs to finally dry it and thus produce
fish flour.

A. Foundation

Maintaining a high flour performance indicator is highly
favorable for the companies that achieve it [7]. Performance
indicates the amount of finished flour product according to the
anchovy raw material that enters processing [5]. The main
obstacles that hinder this indicator are low machine availability
and unproductive setup times. Therefore, for the company to
optimize flour performance, it must aim to minimize such losses
as much as possible. As a reward, it would improve its
productivity, economic income, and mainly its competitiveness
within the market [8].

Upon reviewing case studies, it can be observed that
numerous companies have presented irregularities related to the
root causes of the problem. Regarding unplanned downtime due
to breakdowns, TPM has often been considered as a solution
[16]. The TPM methodology encompasses eight pillars;
however, given the resources and time required, few companies
can afford to implement all of them. Therefore, autonomous
maintenance and planned maintenance tend to be among the
pillars that are frequently implemented [7, 8]. In the face of poor
cleaning and inadequate preventive maintenance, autonomous
maintenance and planned maintenance pillars emerge as
suitable pillars due to their characteristics. Likewise, SMED
proves to be an effective tool for setup time reduction.
Converting internal activities into external ones and
optimization help to make the necessary improvements [23].
Therefore, the use of both tools is considered as the solution
model for improving the performance of critical machines in the
present case study company. In implementing the SMED
technique, the study by
[23] was considered. Similarly, for the development of
autonomous maintenance and planned maintenance pillars, the
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works of [8] and [7] respectively were used as guides.

B. Proposed Model

The researchers proposed a model composed of three phases
ranging from planning to formalizing the proposal. Thus,
through the analysis of the collected data, inputs and outputs
were established according to the main problem, which is the
low raw material performance. In Figure 1, the graphical model
based on the models of [7], [8], [35] can be observed.

The model is formulated in such a way that the completion
of each of the three phases will result in an increase in flour
performance as the main outcome.

The process begins with the planning phase. This phase has
been considered important in other case studies, where it is
noted that in such projects, objectives, resources, and action
plans for the tools must be established [4]. In the second phase,
solution techniques are implemented. It starts with SMED, a
tool that [22] used to reduce changeover times in a food
company. Subsequently, autonomous maintenance and
preventive maintenance are implemented. This sequence is
based on the sequence carried out by the authors [13], [36].

In this stage, it is important to train operators in critical areas
to carry out basic maintenance activities on their own.
Similarly, for planned maintenance, the development of a
maintenance plan with preventive activities is proposed.
Finally, the verification and monitoring phase correspond to the
closure of the model. According to [3], it is essential to verify
the results and compliance with the policies and objectives
formulated at the beginning.

With the implementation of the model, the aim is to address
the three root causes, emphasizing 83% of the reasons for the
problem.

C. Model Detail

1) Phase 1: Planning

« Action Plan: Detailed plan of all implementation
activities is elaborated. This must be reviewed by
management.

« Team Organization: The organizational chart of
maintenance teams is developed for the
implementation of the pillars. It may consist of
workers of different ranks such as operators,
supervisors, and area managers.

» Resources: The materials needed are listed. In the case
study, manuals, PPE, office supplies, among others,
are considered.

+ Goals and Objectives: Policies and objectives are
established to guide the implementation. It is
important that management ensures their commitment
in writing in this section, following the review of the
master plan.

XX

| T
PLAN  [Ares |
| I

PLAN MAESTRO DEL PROYECTO

DE LA PLANIFICACION DEL PROYECTO

Fig. 2 Master Plan

2) Phase 2: Design of the proposal

a. Tool 1: SMED

Equipment  Identification:  The  most
important components of the machines are
identified.

Preventive Maintenance Plan: The preventive
maintenance plan is developed. This
program includes maintenance activities, the
person responsible for performing them, and
the required frequency.

Maintenance Scheduling: A schedule is
created with important dates for maintenance
activities.

Information Management: Formats are
included to track common failures.

Review of New Anomalies: TPM cards are
used to allow operators to report new
anomalies on their machines.

Sensor Installation: Proximity sensors are
installed on critical area machines such as
drying and pressing. These should not
compromise functionality.

Sensor Programming: The installed sensors
are programmed to collect real-time data.
Planned Maintenance Audit: Conducted to
assess progress with the implementation of
this pillar.
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2: Autonomous Maintenance

Work Team Organization: Teams are formed to guide
the implementation of the TPM methodology in the
company.

Workshop Policies Definition: Standards to be
followed by participants in training workshops are
established.

Procedure Identification: Activities comprising the
cleaning and lubrication process for the drying
machine are identified.

Maintenance Instruction  Creation: Detailed
maintenance activity instructions for the drying and
separating machines are developed. These instructions
guide operators on how to perform cleaning and
lubrication.

Topics Selection for Development: Topics and
duration for autonomous maintenance training
sessions are planned.

Visual Resources: Posters are created to inform staff
about TPM training sessions. Similarly, slides are
prepared for presentations.

Task Allocation: Maintenance area tasks are assigned
to machine operators. Activities that do not require
technical knowledge and are performed frequently
should be considered.

Autonomous Maintenance Audit: The implementation
status of the pillar is assessed.

3: Planned Maintenance

Equipment Identification: The most important
components of the machines are recognized.
Preventive Maintenance Plan: The preventive
maintenance plan is developed. This program
schedules maintenance activities, assigns
responsibility for performing them, and establishes
their frequency.

Maintenance Scheduling: A schedule with important
maintenance dates is created.

Information Management: Formats for tracking
common failures are included.

e New Anomalies Review: TPM cards are used by
operators to report the presence of new anomalies in
their machines.

e Planned Maintenance Audit: Conducted to evaluate
progress regarding the implementation of the pillar.

d. Tool 4: Industry 4.0

To develop loT in the phase, it is important to select the
appropriate sensors for critical equipment such as the press and
dryer. These sensors must be able to adapt to the machine
without compromising its operation. The selected sensor is the
Column Load Cell, which allows for identifying the force
applied at a specific point. These will be positioned in the
couplings and bearings. Additionally, a microcontroller,
specifically a Raspberry Pi, will be used to collect data from the
cells and send it to the cloud via Wi-Fi and/or Bluetooth.

Once established, proximity sensors are installed on the
machines in critical areas, such as drying and pressing. After
that, the installed sensors are programmed to collect real-time
data. Finally, an appropriate platform is selected for the
situation to gather the information, and the system is configured
to send alerts and notifications in case anomalies are detected.
In this case, the selected platform is Google Cloud loT.
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Fig. 4 Preventive maintenance plan
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3) Phase 3: Verification and Monitoring

e Project Initiation Letter: The implementation of the
project is officially announced through a letter.

e Control Records: Formats are designated for
monitoring compliance with the activities established
in the instructions.

e Indicator Records: Indicator sheets are prepared to
track changes post-implementation.

Version 1:
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Fig. 6 Availability indicator control traffic light tab

D.

Proposed Model

The proposed model follows a sequence of steps to
implement its three phases. In Figure 8, the corresponding steps
for carrying out the planning of the tools in the company are

Project master plan _Management
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Fig. 7 Flowchart of the planning phase

In Figure 9, the sequence for implementing SMED,
and planned maintenance is

established.

Phase 2: Design

Process flow diagram

T
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Fig. 8 Flowchart of the design phase

Finally, Figure 10 represents the process of the last phase

corresponding to verification and monitoring.

Phase 3: Formalization and Monitoring
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Fig. 9 Flowchart of the verification and monitoring phase.

Model Indicators
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The proposed solution model aims to increase flour
processing, machinery availability, reduce unplanned
downtime, and decrease setup time. Therefore, based on the
reviewed articles, indicators have been proposed considering
other case studies with similar goals to the current case. Table
1 shows the proposed indicators.

TABLEI
PROPOSED INDICATORS
Indicators AS-IS TO-BE Papers
Fishmeal Yield 21% 30% [5]
Auvailability 81.5% 91.9% [71, 8], [37]
Bﬂﬁlﬁ?.”rﬁg 1993.14hrs | 1390.8 hrs [11], [38]
Setup Time 283.4 min 205.2 min [19], [23], [39]

a) Indicator 1: Fishmeal Yield
This is the primary indicator of the case study. It is expected
that its value will increase to approach the stipulated target.

Vield = Plant capacity in finished (1)

Required raw material

b) Indicator 2: Availability
Represents the relationship between the time the equipment
operates and the total time they should operate.

Total time — time of unscheduled stoppages (2)
Total time

Availability =

c) Indicator 3: Unplanned Downtime
Unplanned downtime refers to the hours during which the
machines stopped when they were not scheduled.

Unplanned Downtime = Total Time — Scheduled stoppages (3)

d) Indicator 4: Setup Time

Represents the preparation time for working with the
machines. This becomes evident during shift changes in the
company.

Setup Time = Current setup time — New setup time 4)

IV.VALIDATION

For the selection of the validation method, the literature
review of this article was considered. In which, 2 validation
methods were identified: implementation and simulation [40].

In the case of implementation, a defined structure must be
followed to ensure that the project is efficient through testing,
documentation, and monitoring. Likewise, this seeks to develop
a detailed plan that must include a master plan, policies, criteria,
resources, schedule, and indicators. On the other hand,
simulation consists of creating project scenarios using models
or simulators to evaluate the proposal in a real case study.
Therefore, it is considered that through this, possible problems
can be identified, thus being able to correct the model in such a

way that it meets the established objectives in the project.
Similarly, it allows evaluating performance and efficiency,
generating greater flexibility and control of the proposal. Unlike
the first method, this can be adjusted quickly and represents
different problems that can be addressed during implementation.
Even these two methods can complement each other for
validation development because simulation would reduce risks
and address potential problems that may occur during the
proposal. That is, simulation allows the identification of possible
bottlenecks and prevents damage to equipment, generating
greater security over them. Finally, this validation method will be
implemented within the case study since it allows versatile
representation, reducing the costs generated by tests in real
scenarios.

As a first step in the validation method selection, the
literature review of validation models of case studies
implementing TPM and SMED as proposed solutions will be
considered. In the case of [41], Arena software is used to
simulate preventive maintenance processes, considering that
with the proposal, these will be carried out, and the rest of the
maintenance activities will be performed by other operators.

Unlike [22], which uses implementation where it defines
operations, objectives, technical support, methods, data
collection, and resources to be implemented. In this case, an
additional study is being carried out to measure the possible
risks that may affect SMED and the factors within the company
that should be considered. To use a simulator for the data
collected during implementation. On the other hand, for the
TPM implementation, the same validation methods were
determined, but mostly these are implementation. In the
research of [42], a plan for implementation based on
experimental type is carried out. In which, samples are taken to
demonstrate that proper equipment lubrication and cleaning
significantly minimize the proliferation of microorganisms. In
addition, using experiments with other types of materials as a
risk control method is performed. To avoid any problem that
may arise during project execution. Compared to [8], where the
authors create a flowchart of the project's master plan where
they define all processes from planning to continuous
improvement. In this case, the way in which the plan's risks are
managed is through the PDCA cycle, where the effects are
analyzed, and the system's improvement is evaluated. To
generate that the proposal is in constant continuous
improvement in front of all scenarios that appear during the
plan's development. From all the, it is proposed to use
simulation as the validation method for the solution model.

In this article, 2 methodologies are proposed to be
implemented, which are SMED and TPM. First, SMED is used
with the purpose of reducing setup times for shift changes
generated in the separator machines. On the other hand, in the
case of TPM, autonomous and planned maintenance pillars
will be used to ensure the correct execution of
maintenance activities. Therefore, the times taken to perform
the separator machine preparation activities will be needed as
inputs. Likewise, the times for breakdowns due to inadequate
cleaning and/or lubrication will be needed. Finally, the time for
stops due to motor vibrations generated by material overload
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will be needed. Below, Figure 11 shows the flowchart of
the validation model based on the research of [41] and [43].
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Fig. 10 Flowchart of the validation model

A. Initial Diagnosis

The case study company is engaged in the processing and
preservation of products derived from fish. The main product
by sales share and production volume is fishmeal made from
anchovies.

During the year 2023, there were numerous unplanned
machine downtimes in the fishmeal production line. Using a
Pareto diagram, machines with the highest downtime
throughout the year were classified. Figure 12 shows the
machines with the highest downtime in hours.

Downtime duration per equipment (hr)

3000.00
2500.00
2000.00
1500.00

500.00

0.00

DRYER PRESSER ~ COOKER BOILER PACKER MILL

Fig. 11 Equipment Downtime in Hours 2023

Unscheduled downtimes in the drying and pressing machines
posed problems for the company as they resulted in lower
availability compared to standard values and consequently,
limited tonnage production. Figure 7 displays the machinery
availability percentages in the company during the months of
the year 2023.

B. Design of validation

As mentioned earlier, Arena software was chosen to
conduct simulation validation. The fish flour production line
serves as the basis for representing a system in the program. To
meet its characteristics, the number of subprocesses, Once
the validation of the proposed solution had been carried out, 3
scenarios were proposed with respect to the original state to
obtain results.

operators, and collected data will be utilized. Therefore, batches
are considered as transit entities and operators as permanent
entities in each work process. Accordingly, a graphical
representation of the system was created, as shown in Figure 8,
to enhance understanding.

Within the scope of the improvement proposal analysis, the
goal is to assess downtimes across the entire production line,
given the absence of auxiliary processes. It is important to
emphasize the evaluation of production and downtimes during
the process.

C. Results Analysis

In Table 2, the results of the simulation performed in the
Arena software can be observed. In this case, improvements
were made by modifying the parameters within the same
program, as the construction of this program included stops,
times, and related processes. Similarly, three improvement
scenarios were proposed based on the mentioned indicators.

The indicators are defined as: AS-IS Current operational
baseline (81.5% availability,283.4 min. setup time),
Pessimistic: Minimal improvement (5.1% availability gain)
Moderate: Realistic targets, and Optimistic: ideal outcomes.

TABLE I
INDICATORS
Indicators AS IS | Pessimistic | Moderate |Optimistic
Additional Batches 23 44 57
Auvailability 81.5% 5.1% 11.1% 15.9%
MTBF Improvement| 18.89 11% 20% 25%
MTTR Improvement| 4.29 18% 25% 30%
Setup Dovx_/ntlme 15% 29% 10%
Reduction

The results obtained from the simulator in the three
proposed scenarios in the research achieve one of the main
objectives, which is to decrease the MTBF indicator by 20%,
the MTTR by 25%, and the setup time by 29%. The main goal
of increasing availability by 11% in the moderate scenario is
also met.

V. DISCUSSION

A.  Main Results

Once the validation of the proposed solution had been
carried out, 3 scenarios were proposed with respect to the
original state to obtain results.

In the pessimistic scenario, the improvement is not very
significant; however, this represents the situation in which there
are more obstacles than necessary for the implementation of
the project. In this case, the improvement in availability would
be 5.1%, reaching 85.6%. The moderate scenario is the most
realistic. It considers the situation of the industry and its
capacity to face challenges of this magnitude. In a moderate
scenario, an improvement of 11.1% is expected to surpass the
target barrier and reach 90.5%. Unlike the previous cases, the
optimistic scenario contemplates that the implementation will
be successful and that the company will adapt it by requiring
everything necessary.
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Thus, an improvement of 15.9% could be obtained,
resulting in final availability of 94.4%. In summary, the results
may vary depending on the scenario. It is important to mention
that in all cases an improvement is experienced, therefore, the
solution would be to fulfil its purpose.

B. Scenarios vs Results

Since there are different scenarios, the results obtained vary
as well as their impact. In the case of the economic impact, a
cash flow is obtained for each scenario obtained, where the
following parameters shown in Table 3 are considered.

TABLE Il
CASH FLOW CONSIDERATIONS

Investment s/ 66,110.00
Value per sale s/ 6,080.00
Variable costs s/ 4,400.00

Employee participation 10%

COK discount rate = 20%

Pessimistic scenario: The first scenario increases

availability by 5.1%. Consequently, this leads to an increase in
flour production. An NPV (Net Present Value) value of S/.
9,660 and an IRR (Internal Rate of Return) of 26% is obtained.
Moderate Scenario: In the second case, availability is increased
by 11.1%. By experiencing this improvement, an NPV value of
S/ 78,842 and IRR of 66.9% is obtained. Optimistic scenario:
In the third scenario, higher profits are expected due to higher
production. Availability increases by 15.9% compared to the
original scenario. An NPV value of S/ 121,669 and IRR of
89.79% is obtained.

In all 3 cases, seeing that the Net Present Value is always
greater than 0 and the Internal Rate of Return is higher than the
discount rate of 20%, it is concluded that the proposed solution
is economically viable.

V1. CONCLUSIONS

This research presents a solution model applied in a fish
flour processing company where the following pillars of TPM,
along with SMED and Industry 4.0, were utilized: autonomous
maintenance and planned maintenance. The emergence of new
technologies has allowed for the automation and improvement
of efficiency in numerous processes within the food sector.
Therefore, its application in fish flour processing companies is
highly beneficial, given that processes tend to be complex, and
their monitoring is contingent on the problems encountered
during production.

Within the case study, a low processing of fish flour was
identified, an indicator commonly used in the sector to gauge
process performance. Through database analysis, it was evident
that the problem was in the pressing and drying machines.
Additionally, this low availability was primarily due to
frequent downtimes in these machines. These were caused by
inadequate cleaning and lubrication of equipment, material
overload, and excessive machine setup times.

Therefore, through literature review, the necessary tools to
address these issues were identified, namely TPM, SMED, and
Industry 4.0. This enabled the simulation of proposed
improvements,  resulting in  significant  percentage
improvements in key indicators, specifically reducing MTBF
by 20%, MTTR by 25%, and Setup by 29%.

The seafood industry has not been studied much in terms of
equipment availability. The sector faces several variables that
affect its production; however, studies tend to focus more on the
chemical and physical factors of the products. The use of tools
such as the TPM and SMED npillars has been successful in
numerous industries, however, their application in fishmeal
companies is still uncommon. Thus, it is expected that the present
work will contribute to the problems of machine availability in
the sector. Likewise, the use of technological devices for the
Internet of Things can improve such problems, showing progress
and flexibility in maintenance management within similar
companies.

REFERENCES

[1] “El estado mundial de la pesca y la acuicultura 2022,” FAO, Aug. 2022.
doi: 10.4060/CCO461ES.

[2] “Anuario Estadistico Pesquero y Acuicola,” 2022. [Online]. Available:
www.produce.gob.pe

[3] R. E. Ragab, S. A. Abdelwahab, G. H.Shehata, N. Abd El Samed, S.
Kaytbay, and M. Al Kubra, “Application and Performance Measurement
of Total Productive Maintenance: Case study of a Food Industries
Company in Egypt,” Engineering Research Journal, vol. 160, no. 0, pp. 1-
25, Dec. 2018, doi: 10.21608/ERJ.2018.139534.

[4] P. Tsarouhas, “Improving operation of the croissant production line
through overall equipment effectiveness (OEE): A case study,”
International Journal of Productivity and Performance Management, vol.
68, no. 1, pp. 88-108, 2019, doi: 10.1108/1JPPM-02-2018-0060.

[5] “The State of World Fisheries and Aquaculture 2022,” The State of World
Fisheries and Aquaculture 2022, Jun. 2022, doi: 10.4060/CC0461EN.

[6] A.Zugarramurdi, M. Parin, and H. Lupin, “Ingenieria Econémica Aplicada
a la Industria Pesquera,” Ingenieria Econdmica Aplicada a la Industria
Pesquera, p. 34, 1998, Accessed: Feb. 22, 2024. [Online].

Auvailable: http://www.fao.org/3/v8490s/v8490s00.htm#Contents

[7] D. Mendes, P. D. Gaspar, and F. Charrua-santos, “Industrial Assets : A
Case Study on a Conveyor Belt,” 2023.

[8] O. Bataineh, T. Al-Hawari, H. Alshraideh, and D. Dalalah, “A sequential
TPM-based scheme for improving production effectiveness presented with
a case study,” J Qual Maint Eng, vol. 25, no. 1, pp. 144-161, Mar. 2019,
doi: 10.1108/JQME-07-2017-0045/FULL/PDF.

[9] S.S. Patil, A. K. Bewoor, R. Kumar, M. H. Ahmadi, M. Sharifpur, and S.
PraveenKumar, “Development of Optimized Maintenance Program for a
Steam Boiler System Using Reliability-Centered Maintenance Approach,”
Sustainability ~ (Switzerland), wvol. 14, no. 16, 2022, doi:
10.3390/5u141610073.

[10] N. Ahmad, J. Hossen, and S. M. Ali, “Improvement of overall equipment
efficiency of ring frame through total productive maintenance: a textile
case,” International Journal of Advanced Manufacturing Technology, vol.
94, no. 1-4, pp. 239-256, 2018, doi: 10.1007/s00170-017-0783-2

[11] P. Marinho, D. Pimentel, R. Casais, F. J. G. Silva, J. C. S4, and L. P.
Ferreira, “Selecting the best tools and framework to evaluate equipment
malfunctions and improve the OEE in the cork industry,” International
Journal of Industrial Engineering and Management, vol. 12, no. 4, pp. 286—
298, 2021, doi: 10.24867/IJIEM-2021-4-295.

[12] R. Mohan, J. P. Roselyn, and R. A. Uthra, LSTM based artificial
intelligence predictive maintenance technique for availability rate and

234 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of

society”. Hybrid Event, Mexico City, July 16 - 18, 2025


http://www.produce.gob.pe/
http://www.fao.org/3/v8490s/v8490s00.htm#Contents

OEE improvement in a TPM implementing plant through Industry 4.0
transformation. 2023. doi: 10.1108/JQME-07-2022-0041.

[13] D. Mendes, P. D. Gaspar, F. Charrua-Santos, and H. Navas, “Enhanced
Real-Time Maintenance Management Model—A Step toward Industry
4.0 through Lean: Conveyor Belt Operation Case Study,” Electronics
(Basel), vol. 12, no. 18, p. 3872, 2023, doi: 10.3390/electronics12183872.

[14]F. Vergara, X. Mancheno, I.; Kenny Escobar-Segovia, and ; Kleber
Barcia-Villacreses, “Mejora del célculo del Indicador de Eficiencia
General (OEE) utilizando metodologia Seis Sigma, en una planta
productora de alimentos balanceados en Duran — Ecuador,” Industry,

Innovation, And Infrastructure for Sustainable Cities and Communities.
pp. 24-26, Aug. 03, 2019. doi: 10.18687/LACCEI2019.1.1.291.

[15] A. M. H. Pereira, M. R. Silva, M. A. G. Domingues, and J. C. S4, “Lean
six sigma approach to improve the production process in the mould
industry: A case study,” Quality Innovation Prosperity, vol. 23, no. 3, pp.
103-121, 2019, doi: 10.12776/QIP.V2313.1334.

[16] [16] H. Soltanali, M. Khojastehpour, and J. Torres Farinha, “Measuring
the production performance indicators for food processing industry,”
Measurement  (Lond), vol. 173, no. May 2020, 2021, doi:
10.1016/j.measurement.2020.108394.

[17] A. Hallioui et al., “A Review of Sustainable Total Productive Maintenance
(STPM),” Sustainability (Switzerland), vol. 15, no. 16, 2023, doi:
10.3390/su151612362.

[18] C. Jagin, A. Rozak, and H. H. Purba, “Case Study in Increasing Overall
Equipment Effectiveness on Progressive Press Machine Using Plan-do-
check-act Cycle,” International Journal of Engineering, vol. 33, no. 11,
pp. 2245-2251, Nov. 2020, doi: 10.5829/1JE.2020.33.11B.16.

[19] A. Ur Rehman, Y. S. Usmani, U. Umer, and M. Alkahtani, “Lean
Approach to Enhance Manufacturing Productivity: A Case Study of Saudi
Arabian Factory,” Arab J Sci Eng, vol. 45, no. 3, pp. 2263-2280, 2020, doi:
10.1007/s13369-019-04277-9.

[20] V. Schindlerové, 1. Sajdlerova, V. Michalgik, J. Nevima, and L. Krejéi,
“Potential of Using TPM to Increase the Efficiency of Production
Processes,” Tehnicki Vjesnik-technical Gazette, vol. 27, no. 3, pp. 737—
743, Jun. 2020, doi: 10.17559/TV-20190328130749.

[21] J. Johnson and V. K. Pramod, “Integration of Total Quality Management
with Total Productive Maintenance to develop Maintenance Quality
Function Deployment model and its implementation study in food
industry,” IOP Conf Ser Mater Sci Eng, vol. 993, no. 1, p. 012022, Dec.
2020, doi: 10.1088/1757-899X/993/1/012022.

[22] J. Lozano, J. C. Saenz-Diez, E. Martinez, E. Jiménez, and J. Blanco,
“Centerline-SMED integration for machine changeovers improvement in
food industry,” Production Planning and Control, vol. 30, no. 9, pp. 764—
778, 2019, doi: 10.1080/09537287.2019.1582110.

[23] G. Garcia-Garcia, Y. Singh, and S. Jagtap, “Optimising Changeover
through Lean-Manufacturing Principles: A Case Study in a Food Factory,”
Sustainability (Switzerland), wvol. 14, no. 14, Jul. 2022, doi:
10.3390/SU14148279.

[24] M. Stapelbroek, O. A. Kilic, Y. Yang, and D. P. Van Donk, “Eliminating
production losses in changeover operations: a case study on a major
European food manufacturer,” Production Planning and Control, vol. 0, no.
0, pp. 1-14, 2022, doi: 10.1080/09537287.2022.2136041.

[25] M. M. Maalouf and M. Zaduminska, “A case study of vsm and smed in
the food processing industry,” Management and Production Engineering
Review, vol. 10, no. 2, pp. 60-68, 2019, doi:
10.24425/MPER.2019.129569.

[26] A. H. A. Rasib, R. Abdullah, N. F. Bazilah, Z. F. M. Rafaai, R. M. Noor,
and H. O. Mansoor, “ENHANCEMENT OF PRODUCTIVITY BY
OVERALL EQUIPMENT EFFECTIVENESS PERFORMANCE TIME
REDUCTION IN FOOD INDUSTRIES,” Journal of Advanced
Manufacturing Technology (JAMT), vol. 16, no. 3, pp. 1985-3157, Dec.
2022, Accessed: Sep. 12, 2023. [Online]. Available:
https://jamt.utem.edu.my/jamt/article/view/6404

[27] R. T. Alnounou, R. A. Asiri, S. A. Alhindi, L. M. Shams, S. S. Ali, and E.
Ozceylan, “Improving automated pallet handling procedures at a Saudi
milk factory through overall equipment effectiveness,” Benchmarking,
vol. ahead-of-print, no. ahead-of-print, 2022, doi: 10.1108/B1J-06-2022-
0411/FULL/PDF.

[28] J. S. Randhawa and 1. S. Ahuja, “An evaluation of effectiveness of 5S

implementation initiatives in an Indian manufacturing enterprise,”

International Journal of Productivity and Quality Management, vol. 24, no.
1, pp. 101-133, 2018, doi: 10.1504/1JPQM.2018.091170.

[29] S. Gupta and P. Chandna, “A case study concerning the 5S lean technique
in a scientific equipment manufacturing company,” Grey Systems: Theory
and Application, vol. 10, no. 3, pp. 339-357, Apr. 2020, doi: 10.1108/gs-
01-2020-0004.

[30] I. Kaitovic and M. Malek, “Impact of Failure Prediction on Availability:
Modeling and Comparative Analysis of Predictive and Reactive Methods,”
IEEE Trans Dependable Secure Comput, vol. 17, no. 3, pp. 493-505, 2020,
doi: 10.1109/TDSC.2018.2806448.

[31] J. S. Bravo-Paliz and S. V. Avilés-Sacoto, “Characterizing the integration
of BRC food safety certification and lean tools: the case of an Ecuadorian
packaging company,” TQM Journal, vol. 35, no. 4, pp. 872-892, May
2023, doi: 10.1108/TQM-05-2021-0120/FULL/PDF.

[32] Q. Liu, H. Yang, and Y. Xin, “Applying value stream mapping in an
unbalanced production line: A case study of a Chinese food processing
enterprise,” Qual Eng, vol. 32, no. 1, pp. 111-123, Jan. 2020, doi:
10.1080/08982112.2019.1637526.

[33] O. Tita, O. M. Popa, C. N. Sas, M. A. Tita, and T. 1. Oprita,
“IMPLEMENTATION OF PROCEDURES, PRINCIPLES AND
OBJECTIVES IN AN ENTERPRISE TO INCREASE PRODUCTION
AND ELIMINATE FOOD WASTE,” International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM, vol. 22, no. 5.1, pp. 235-239, 2022, doi:
10.5593/SGEM2022/5.1/520.030.

[34]D. Bianco, J. C. dos S. Junior, J. K. Sagawa, and M. Godinho,
“Mapeamento do fluxo de valor: estudo de caso na fabricacdo de produtos
pet food,” Revista Producéo Online, vol. 19, no. 4, pp. 1345-1368, Dec.
2019, doi: 10.14488/1676-1901.V1914.3458.

[35] S. Barbieri-Silva, A. Flores-Perez, and J. C. Alvarez, “TPM, SMED and
5S model to increase efficiency in an automated production line for a
company in the food sector,” 2022 Congreso Internacional de Innovacion
y Tendencias en Ingenieria, CONIITI 2022 - Conference Proceedings,
2022, doi: 10.1109/CONIITI57704.2022.9953721.

[36] G. Pinto, F. J. G. Silva, A. Baptista, N. O. Fernandes, R. Casais, and C.
Carvalho, “TPM implementation and maintenance strategic plan — a case
study,” Procedia Manuf, vol. 51, pp. 1423-1430, Jan. 2020, doi:
10.1016/J.PROMFG.2020.10.198.

[37] Z. T. Xiang and C. J. Feng, “Implementing total productive maintenance
in a manufacturing small or medium-sized enterprise,” Journal of
Industrial Engineering and Management, vol. 14, no. 2, pp. 152-175, 2021,
doi: 10.3926/jiem.3286.

[38] J. Singh, H. Singh, and V. Sharma, “Success of TPM concept in a
manufacturing unit — a case study,” International Journal of Productivity
and Performance Management, vol. 67, no. 3, pp. 536-549, 2018, doi:
10.1108/1JPPM-01-2017-0003/FULL/PDF.

[39] M. M. Maalouf and M. Zaduminska, “A case study of vsm and smed in
the food processing industry,” Management and Production Engineering
Review, vol. 10, no. 2, pp. 60-68, 2019, doi: 10.24425/mper.2019.129569.

[40] P. Ondra, “The Impact of Single Minute Exchange of Die and Total
Productive Maintenance on Overall Equipment Effectiveness,” Journal of
Competitiveness, vol. 14, no. 3, pp. 113-132, 2022, doi:
10.7441/j0c.2022.03.07.

[41] R. Condo-Palomino, L. Cruz-Barreto, and J. Quiroz-Flores, “Increased
equipment performance in agro-industrial companies through a
maintenance model based on the TPM approach,” Proceedings of the
LACCEI international Multi-conference for Engineering, Education and
Technology, vol. 2022-July, Jan. 2022, doi:
10.18687/LACCEI2022.1.1.77.

[42] M. A. Amrani, M. Alhomdi, B. Aswaidy M, A. M. Ghaleb, M. Al-Qubati,
and M. Shameeri, “Implementing an integrated maintenance management
system for monitoring production lines: a case study for biscuit industry,”
J Qual Maint Eng, vol. 28, no. 1, pp. 180-196, Feb. 2022, doi:
10.1108/JQME-06-2020-0049/FULL/PDF.

[43]G. Amiel-Reategui, E. Vargas-Tapia, and G. Viacava-Campos,
“Incrementar la eficiencia del proceso de produccién de maquinas en
empresas textiles a través de un modelo basado en TPM y SMED,”
Proceedings of the LACCEI international Multi-

234 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Artificial Intelligence, and Sustainable Technologies in service of

society”. Hybrid Event, Mexico City, July 16 - 18, 2025

10



