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Abstract. The present study focuses on enhancing the productivity of a lubricant manufacturing company, specifically
within the packaging line for one-liter bottles, in order to meet growing demand and prevent customer value loss. To
achieve this, a Lean Manufacturing—based approach is implemented. The first section outlines the current context of the
case study, the main challenges faced by the sector, and an overview of common improvement practices. The second section
provides a detailed analysis of the key factors affecting profitability and identifies the root causes of inefficiency within
the company. The third section reviews recent literature on Lean tools, strategies, and technological advancements,
highlighting successful industrial applications. The fourth section presents the proposed model, describing its structure and
how it addresses the identified problems. The fifth section validates the model through stochastic analysis and system
simulation. Finally, the discussion and conclusions summarize the main findings, managerial implications, and
recommendations for future improvement initiatives.

INTRODUCTION

Delimiting the panorama in the Latin American sector, according to the World Bank Group, in its economic reports
prepared determined a GDP growth in the Latin American and Caribbean sector. Peru is no stranger to this growth,
denoting indicators of increase above the average of the region, being the value of 3% for the year 2019 and 4.4% for
the next 4 years [1]. Through the data presented, the economic sectors in Peru are part of the GDP growth, therefore,
a continuous competitiveness that companies will have to offer the best product based on quality and cost will be
reflected. In the Report of Economic America on the profitability of the most influential companies in Peru, we can
highlight the remarkable participation of the Oil / Gas sector as one of the most attractive, with a 12.8% share of sales
in 2018, and in turn, this figure reflects that this sector is one of the most competitive, therefore, it will require a series
of strategies to face a rough market [2]. In addition, data recorded by the INEI in Peru on the sectoral GDP in 2019,
the decrease in GDP in the Peruvian Manufacturing sector is observed [3]. Given the characteristics of the business,
the improvements that are usually applied have to be structured by a set of tools that help improve the current
production process proposed. For this reason, oil companies must establish their manufacturing strategies that offer
continuous performance of operations. According to the authors Nhaly, Meddaoui and Bouami asserted that a factor
that determines the low efficiency in the equipment is the machine preparation times (Setup), and these when reduced
or mitigated can increase and improve the productivity of the system [4]. In addition, Suryaprakash was motivated to
carry out a study that is based on discovering a new way to improve productivity in a box company, reducing the time
of production stops [5]. On the other hand, Pinto proposed to improve the performance of its production system to
improve the procedures and information flows of a maintenance and production system [6]. The authors mentioned
focus on the elimination of seedlings in the process, which is recurrently recognized in Oil/Gas manufacturing
industries. This case study will focus on the analysis of a petroleum derivative, the lubricant for cars, whose packaging
process contains opportunities for improvement that are intended to be addressed through Lean Methodology.
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The Lean methodology contains a series of tools that aim to eliminate waste in processes. On this occasion, the
tools that are proposed to be used to be able to see an optimal result reflected are SMED and TPM together, eliminating
times that do not add value with respect to the efficiency of a machine. According to Vieira et al. [7], in their research
work they managed to increase this amount to the OEE indicator using Lean Manufacturing methodology such as
SMED and TPM. In addition, Barot carried out the implementation of the TPM tool for the elimination of waste in
the production flow line, impacting on the reduction of the wait of 69.04% and the reduction of the time without added
value is 34.23% [8].

This article will analyze the improvement of the Packaging process of a Lubricants company. The project will
focus on making a substantial improvement in the efficiency of the equipment in that area based on Setup times and
downtime, which are times that do not add value to the process. It is intended to improve by 20% the OEE indicator,
a way of measuring the improvement to the problem posed. In order to achieve the goal and overcome the 65%
barrier, it is proposed in this case study to use Lean tools focused on improving these problems that various authors
were motivated to improve their productive system.

LITERATURE REVIEW

Success stories that can be rescued are detailed and are a model to follow for the improvement of a company in
the sector under study. An important fact is that Ribeiro [9] is a case of the current scenario, highlighting the relevance
of this article in contribution to the research work. This article also develops the Lean Manufacturing methodology
and uses tools such as SMED and 58, addressing the problem in an effective way. While Pinto [6] shares a relationship
by using the same methodology to improve the maintenance system in a company in the same sector under study. In
this article, the solution of the problem was carried out in a different way, since the problems were analyzed through
a prioritization of the problem with greater impact, solving with Lean tools such as 5S and SMED. In both success
stories, the same methodology was used.

PROBLEM ANALYSIS

In the company under study, different sizes of lubricants of different presentations are manufactured. The sizes
currently produced are: Fourth, Gallon, 2.5-Gal Bucket, 5 Gallon Bucket, Cylinder and Containers. The lubricant
production process consists of processes such as Raw Material Storage, Additive Premixing, Mixing, Packaging and
Storage of Finished Products. Each process presents several problems to solve, and to assess which problems need to
be addressed, they were analyzed using a Holmes Prioritization Matrix. This information was delivered based on the
Judgment of Experts (Plant Managers, Operators of the different areas, Line Supervisors, Managers of the different
areas). According to the Holmes Prioritization Matrix, it could be concluded that the main problem raised is the "Low
operational efficiency in the machines of the Packaging area", predominating with 20% of the total. (Figure 1)

Low operational efficiency

of machines in the 20%

Packaging area

Low operational capacity in
the Mixing area

18%

Substantial existence of
losses dunng the bulk 18%
dispatch process

High times in the grease

c 18%
production process

FIGURE 1. Holmes Prioritization Matrix Results. Of the 9 problems defined in the company under study, the 4 Problems shown
are predominated.

The Packaging area is characterized by having 8 production lines. To deepen the analysis, it was prepared to
analyze the line that presents the greatest need to analyze its low efficiency in its machines and to be able to evaluate
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a solution that can be standardized in the other lines. The line with the longest time of un-productive time from the
period 2019 to 2021 was evaluated, with the results shown in Figure 2.

Total unproductive time in the lubricant packaging lines

7 mil
6 mil
5 mil
4 mil
3 mil
2 mil
1 mil

0 mil
Quart Drum 1 Pail 2 Gallon Pail 1 Containers Sachets Drum 2

FIGURE 2. Total Downtime of each Packaging Line. The Cuarto Line, products of one-liter presentations, had the highest
unproductive time in the period 2019 to 2021.

Given the results presented in the previous graph, it can be seen that the Fourth line presents more unproductive

time compared to other lines. According to the records obtained, the following reasons could be recognized for the
high unproductive time recorded in the Fourth line (Figure 3).

Reasons Unproductive times Average annual period

Product reference change delay

HIGH SETUP Time (Hrs.)

TIMES Machine Setup Delay

Time (Hrs.) 210.77

MACHINE Machine breakdown delay

BREAKDOWNS Time (Hrs.)

Delay due to waiting times

Time (Hrs.) 74,55
DEAD TIMES

Delays due to lack of material

Time (Hrs.) 6003 ]

Overtimes generated by error or defective products

OVERPROCESSES
Time (Hrs.)

TOTAL 734.55

FIGURE 3. Unproductive times of Cuarto Line in the annual period. Times in hours, related to Figure 2.

It was arranged to be able to evaluate this problem and observe in what amount it deviates from the standard
established by the sector or classification of the ratio. For the initial analysis, it was determined to use the OEE
(Overall Equipment Efficiency) indicator. Currently, as part of the control and monitoring of the company to the
Packaging operations and by internal policies of the company, an objective is established to be met based on the OEE
Classification, which establishes a minimum objective of 65%. Based on the data analyzed, an average OEE 0f 36.52%
was calculated between the periods of 2019 and 2021. Since the target is 65%, a technical gap of 28.48% is established

(Figure 4).
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FIGURE 4. OEE registered in the Fourth Packaging line. Behavior 2019 of the OEE in area of Packaging.

The economic impact of the problem obtained is based on the analysis of the projected demand with real
production, subsequently evaluating to what extent the unfulfilled demand impacts economically, signifying an
economic loss equivalent to $ 1,778,382.00 per year.

INNOVATIVE PROPOSAL

The model proposed for the case study is presented in Figure 5. In the initial part is the central problem of the
investigation. At the heart is the continuous improvement of the central objective, which is the improvement of the
efficiency of the machines in the area of packaging of lubricants for cars. The entities that participate are the processes,
the machines and people. Given this model, it is proposed to use SMED and TPM together to increase OEE by 20%.

ITERATIVE MACHINE
EFFICIENCY
IMPROVEMENT [OEE)

LOW PERFORMANCE
OF MACHINES DUE TO
INADEQUATE
MAINTENANCE OF

MACHINES OPERATING TIMES

FIGURE 5. Proposed Model of this paper.
4.1 Model Components

Observing the core of the model, in the central part you can see the 4 Components the model, these components
are configured to apply the continuous improvement of the central objective. Depending on the explanation of the
components, they are defined as: Planning, Execution, Verification, Action. Each component specifies steps in which
the tools that would be used for a correct performance of the model are detailed. Needless to say, the core tools will
be TPM and SMED, as the improvement will revolve around them.
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FIGURE 5. Flow chart about the activities of each Component. (a) Planning Component, (b) Execution Component, (c) Action
Component, (d) Verification Component.

Planning

For the first component, the activities focus on determining the scenario to act, analyzing the existing problems,
deepening them by determining the causes of the problem, and ending with the selection of the tool, either SMED or
TPM.

Execution

The implementation steps for each tool will be developed. The two selected tools are those that have been detailed
above: TPM and SMED. It should be noted that for the TPM tool there will be a previous step to its execution
development which will be the evaluation of the pillars that will be used depending on the context to be improved, in
other words, depending on the causes that are linked to the problem and are potential pillars of improvement.

Verification

This component details the improvements to be made after you have executed the improvement tools to the core
problem. It is important to re-analyze the possible errors that have been executed in the previous phase, and to find a
plan to improve it.

Action

As the last component, it will be responsible for correcting the errors found in the previous phase, being variable
the subject to be corrected. Some-times the corrective action would be only in the SMED tool, in other cases in TPM,
or both. That is the main reason why, in the Verify phase, the problems must be analyzed in depth, so that they do not
recur.
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CONCLUSION

The application of SMED helped to reduce the washing times of the "Fourth" line and the reduction of the sampling
time of the product in the laboratory, having an increase in availability. The application of Total Productive
Maintenance (TPM) helped us to reduce maintenance times in the filler and capper of the packaging machine. The
application of the Lean Manufacturing tool improves productivity in the packaging machine line in the packaging of
lubricant products from one-liter bottles, both in the efficiency and effectiveness of operations on the line. Weekly
meetings with packaging operators are recommended to avoid any doubts about the new implementation of the
improvement project. Also, complement the development of a change in the work culture of operators. The upgrade
project has been implemented at an ExxonMobil industrial engine lubricant production facility. However, it can be
applied in other lubricant plants in order to reduce packaging operating times and standardize these times in all plants
of this transnational industry. Likewise, it is intended to complement this improvement project with the
implementation of a technological system that allows managing packaging operations with the generation of real-time
information screens of product packaging and accelerates continuous improvement in production lines.
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