Implementation of Lean Manufacturing to Increase the

Productivity of a Retreading Company
Marely P. Flor Grande', Maria P. Flor Grande’, Edilberto M. Avalos-Ortecho’”, Carlos M.
Urbina Rivera*”

L234Carrera de Ingenieria Industrial, Universidad de Lima, Av. Javier Prado Este 4600, Santiago de Surco,
Lima, 15023, Peru
*eavalos@ulima.edu.pe
*curbina@ulima.edu.pe

Keywords: Retreading, Lean Manufacturing, Partial Labor Productivity

Abstract

The manufacturing sector is one of the pillars of the national GDP, so any inefficiency in its processes directly impacts the
country's competitiveness. In this context, the company under study exhibits low partial labor productivity of 0.811 units/hour,
along with a high circulation time within the tire retreading process. The application of Lean Manufacturing proved effective
for waste reduction and continuous improvement. The problem analysis identified the application of 5S, which fostered an
organized work environment by reducing material search times during cementing; Standard Work, which standardized
scraping and banding activities, decreasing waste and rework; and SLP, which optimized the layout of areas to reduce internal
travel and improve process flow. After implementing the Lean Manufacturing tools, which were validated through a pilot
project and simulation in Arena, the company achieved an improvement in partial labor productivity to 1.117 units/hour. and

circulation time was reduced due to the new layout.
1 Introduction

The automotive industry is one of the most important sectors
in the market, as global car sales reached 74.6 million units in
2024, representing a 2.5% increase compared to 2023 [1].
Furthermore, in 2025, the country registered a 17.5% growth
in light vehicle sales compared to the same month of the
previous year [2], reflecting a larger potential market that will
provide the company with an opportunity as a supplier in
extending the lifespan of tires. According to a report by The
Business Research Company, the tire retreading market
reached $7.67 million in 2024 [3].

Retreading is not the only alternative for recycling or
extending the life of used tires or their component materials.
Other methods include re-threading, combustion, pyrolysis,
and reuse [4], fuel production and energy recovery, and
engineering applications. FElectromagnetic separation of
granulated components is used to extract metal inserts, and
pulverization and separation are used to extract textile fibers.
Milling is used to extract rubber powder [5]. Furthermore,
research demonstrating improvements in the quality of
materials used to extend tire life was also reviewed. For
example, in treads, compounds reinforced with modified
carbon black have shown better adhesion, less abrasion, and
greater durability [6].

Despite the opportunities presented, the company still
exhibits various variations and inefficiencies that disrupt the
continuous flow and hinder optimal line performance, thus
impacting labor productivity—a crucial aspect for
strengthening the sector's competitiveness, especially
considering its low recognition by the government and

society. Currently, the company produces an average of 519
retreaded tires per month, with an average monthly labor
productivity of 0.811 units/man-hour. With Lean
Manufacturing tools, an increase of at least 23.2% is expected,
a result achieved by Kumar et al.,, 2022 [7], where Lean
Manufacturing tools were implemented in a company in the
same sector.

The root causes, presented in Fig. 1, were identified using
quality tools such as the 5 Whys. Based on this, the necessary
research was developed to determine the precise tools that
would significantly increase labor productivity. Based on the
results obtained from authors mentioned later, it was decided
to implement the 5S, SLP, and Standard Work methodologies.
Previous studies have identified some reasons why labor
productivity is affected, including education, age, training,
and human capital [8], as well as travel times and defects
found in the process. For the latter, it has been documented
that the Endurica CL software was used to identify defects,
contributing to a better understanding of rubber behavior
under fatigue conditions [9]. Furthermore, recent research
employs predictive modeling techniques using machine
learning to anticipate tire performance and optimize resource
allocation [10].

The main objective of the study was to increase labor
productivity in the retreading process by applying Lean
Manufacturing tools, demonstrating their effectiveness and
leaving a clear and repeatable operating procedure that
contributes to strengthening continuous improvement in the
company.



Specific objectives:

e Improve the tire retreading production process flow to
increase manual productivity by 24%.

e Decrease average monthly unproductive hours due to
transport and search using SLP and 58 tools.

e Reduce the number of defective items resulting from
scrap and rework using Standard Work tools.

e Validate the effectiveness of implementing Lean
Manufacturing tools as a solution to low productivity,
using Arena software.

The study will answer the research question: Can the
implementation of Lean Manufacturing tools improve
productivity in the retreading process?

The general hypothesis is that partial labor productivity will
reach more than 1 unit/hour.
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Figure 1. Problem tree diagram

The research will be divided into four parts. The first section
will be the introduction, which focuses on the importance of
the study, the company's context, and the problem to be
analyzed, as well as a literature review of the tools mentioned
in past studies related to the problem and the root causes of
the research. The second section will present the
methodology implemented, outlining the data collection
methods and the procedures followed. The third section will
present the results obtained after implementing the
improvements and compare them with the current situation
and success stories from external authors. Finally, the fourth
section will present the conclusions of this research.

2 Methodology

This research is a quantitative study employing a mixed-
methods approach. Initially, simulations were developed
based on Systematic Layout Planning (SLP) and Standard
Work, along with the application of the 5S methodology.
These simulations drew upon previous studies by other
authors. Subsequently, data was collected and calculations
were performed to obtain real-world results for the indicators.
Figure 2 illustrates the conceptual model, presenting current
indicators related to root causes as input data and expected
results based on literature reports as output data. These

reports indicate that using 5S resulted in an approximately
20% reduction in worker travel time [11], that implementing
SLP reduced operator travel time from 53 hours to 22.84
hours (a 56.91% decrease) [12], and that the application of
Standard Work demonstrated an 8% reduction in the defect
rate [13]. Evidence of this change is found in the dependent
variable: labor productivity.
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Figure 2. Conceptual Model.

In the simulation, two scenarios are developed: the AS IS
scenario and the proposed TO BE scenario. Standard time
data is used in the first-time study, while the most realistic
data possible is used for the second scenario. [14] For the AS
IS data collection, time study formats were used, applied
through direct observation and by a trained operator. Critical
activities were identified, cycle times were recorded,
distances were measured, and incidents were documented.
Subsequently, for the TO BE scenario, the same procedure
was applied during the pilot, replicating the measurements
under the proposed conditions.

The measurements considered included cycle times,
downtime, distances travelled, defect frequency, and labour
productivity. The measurements were carried out using basic
tools such as digital stopwatches, measuring tapes, and
inspection sheets.

To validate the AS IS model, a simulation was conducted
using real process data, running for 20 eight-hour workdays.
The resulting indicators were compared with the collected
real data, revealing a variation of less than 5%. Consequently,
the model was deemed statistically acceptable, viable, and
reliable for accurately representing the system's actual state.

2.1 Data collection

Initial data includes records of unproductive time, defects,
and rework generated over a one-year period (2024). This
data was obtained through company information and data
collection using stopwatches and recording templates.

For the implementation of the techniques, given a finite
population, a sample size was determined, calculated using
the following formula [15]:
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N = Population

n = Sample size

Z = Statistical parameter according to the Confidence Level
e = Margin of error

p = Probability of the studied event occurring

q = (1-p) = Probability that the studied event will not occur

The value of “N” indicates that approximately 519 tires are
retreaded per month. The confidence level of “Z” is 90%, “p”
and “q” are both 0.5, and the margin of error “e” is 5%. This
results in a sample size of 178.09 = 178 retreaded tires.

To determine if the selected samples are appropriate for the
research study and to obtain a more realistic result, the
following inclusion and exclusion criteria were applied.

Inclusion criteria

e Acceptable condition for retreading: This refers to tires
that passed the initial inspection and were suitable for
retreading

e Tire type: Only canvas tires are considered for retreading.

Exclusion criteria:
e External interventions: This refers to tires
processing was interrupted due to power outages.

whose

e Administrative cases: This refers to tires that suffered
delays due to permit or billing problems.

e Operator performance: Observations where operator
performance was affected by extraordinary conditions
(physical discomfort, severe fatigue) are not included.

e Tire manufacturing date: Tires manufactured more than 3
years prior will not be included in the retreading process.

2.2 Procedure Description

As shown in Figure 3, the research methodology begins with
a diagnosis of the retreading process. This involves collecting
data provided by the company and conducting interviews
with the plant manager to determine the main problem and its
root causes. Next, a literature review was performed to select
appropriate solution tools. The following phase is the
formulation of the conceptual model, which is related to the
problem tree in Figure 1. This model must be validated by the
research advisors. Once approved, an action plan is prepared
and presented to the company manager for authorization to
proceed to the next stage. The third phase involves
implementing the selected tools, based on the pilot sample
size. Once the correct implementation is approved, post-
improvement data is collected. The research will be validated
using Arena software. The retreading process, representing
the TO BE model, was diagrammed in Arena, and the
necessary formulas were modeled to obtain the respective
indicators and compare them with the results prior to
implementation.

Methodology

Figure 3. Research methodology

3 Results

This section presents the results obtained after the application
of the 5S, SLP and Standard Work tools in the retreading
company, which will be validated with a simulation in the
Arena software, in which 12 replications will be made where
each one simulates a period of 20 days of an 8-hour shift,
complemented with the Input/Output Analyzer tools, for
which a pilot test was carried out on a sample of 30 tires.

The 5S methodology provides a solid foundation for
implementing other techniques. In the study by Vargas &
Camero (2021), it was found that unnecessary time spent
searching for materials and transporting personnel was
reduced, and the organization and cleanliness of the
production areca were improved. [16] Figure 4 shows the
results of the rating matrix before and after the
implementation of 5S, evaluated using a checklist applied
progressively at each stage. The compliance level increased
from 25% initially to 80% after the intervention. Furthermore,
unproductive time spent searching for supplies and tools
located outside the designated area was reduced from 46.70
hours per month to 27.66 hours per month, representing a
40.76% reduction.
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Figure 4. (a) Initial rating matrix result, (b) Final rating
matrix result

Complementing the 5S methodology, the analysis of the
relational diagram allowed for the identification of excessive
travel distances and traffic congestion. With the new layout
proposed using Systematic Layout Planning (SLP), the travel
time to and from the warehouses was reduced from 36.58 to
24.41 hours per month, representing a 33.28% improvement.



Furthermore, the implementation of Standard Work resulted
in a significant decrease in defects and rework. Following the
standardization of critical activities in the pilot test, manual
errors in the scraping stage that caused waste were reduced
by 100%. On the other hand, regarding rework generated in
the banding stage, a reduction in the duration of the activity
was recorded; however, the number of reworks increased by
3.19%. Due to the small sample size and the fact that the
operators are still learning and adapting to the new method
and specifications, it is likely that the learning curve caused
variations in performance, which diminish as the operators
become accustomed to the standardized method.

To validate the proposed improvement, a simulation model
was developed and designed entirely by the authors in Arena,
represented in Fig. 5 as the TO BE model, with the purpose
of obtaining the operational indicators and comparing them
with the initial values, based on the distributions obtained
from the pilot test.
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Figure 5. TO BE model of the process in Arena

As shown in Figure 6, the Output Analyzer allowed us to
obtain the averages, confidence intervals, and variances of
the main indicators. With a 95% confidence interval, it is
observed that the averages of the comparisons are not
overlapping, which indicates that the difference is not due to
chance; therefore, it can be stated that there were changes
with the implementation. Overall, the statistical analysis
allows us to reject the null hypothesis (h0) that stated that
there would be no differences between both scenarios and to
accept that the implementation produced real changes in
operational performance. Furthermore, reductions in the
width of the intervals can be observed, implying a more
controlled process.
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Figure 6. Comparison of indicators in Output Analyzer

Using the Input Analyzer, whose outputs are presented in
Table 1, the initial statistical distributions for each activity
were determined. This analysis made it possible to identify
the actual behavior of the process times and subsequently to
show a significant reduction in the duration of the activities,

demonstrating once again the direct impact it had on the
partial labor productivity obtained.

Table 1 Distribution of pre- and post- improvement activities

Activity Distribution (initial) ~ Distribution (pilot)

Transfer from Triang (0.65, 0.942,

Triang (1, 2.27, 3)

Warehouse 1.23)

Initial . .

Inspection Unif (4, 6) Triang (3, 4, 5)

Scraping Unif (4, 8) Unif (3.16, 4.96)

Polishing Norm (4.96, 0.405) 4Tr61§r)1g @, 452,

Cleaning Norm (3.35,0.233)  Unif (3, 3.51)

Cementing Norm (6.43,0.283)  Unif (4, 6)

Drying Unif (19, 22) Unif (19, 20.7)

Cushioning gggg (562, 731, tnir (5.32, 7.59)

Banding Unif (6, 10) Unif (5.19, 7.99)

Reprocessin Triang (3, 6.43, Triang (5.91, 5.92,

p £ 894 6)

Vulcanizing Const (150) Const (150)

Vulcanized .

Transfer to Norm (2.31,0.204) Triang (0.64, 1.13,
1.48)

FG

Final .

Inspection Norm (8.25,0.322)  Unif (6, 8)

Together, these improvements allowed for a partial increase
in labor productivity, since, by reducing the time of non-
value-added activities, there is a more efficient use of the
effective time of operations, as shown in the indicators of
Table 2, it was possible to retread an additional 196 tires per
month compared to the current monthly average. This
increase, then, confirms that the standardization of tasks and
greater operational discipline contributed to stabilizing the
pace of work, generating a more uniform process.

Table 2 Evaluation of indicators

Indicator Month Pilot Variance
average Test

Entry tires 632 854 35.13%

Retread tires 519 715 37.83%

% of retread tires 82% 84% 2.00%

Transport time to and from 36.58 2441 33.28%

warehouse (hours)

Tlme. spent searching for 46.70 2767 40.76%

supplies and tools (hours)

% loss (defects) 3.05% 0.00% 100.00%

% of tires with reprocessing  3.66% 6.85% 87.11%

Productivity 0.811 1.117 37.83%

4 Discussion

The results obtained show that, after the implementation of
Lean Manufacturing tools, it was possible to increase partial
labor productivity from 0.811 units/h-h to 1.117 units/h-h,
representing an improvement of 37.83%, thus proving its



functionality, achieving better results than the study carried
out by Kumar, in which it was possible to increase this same
indicator by 23.2% [7], this can be attributed to the size of the
company, since being an SME the changes can generate more
noticeable impacts.

By implementing the 5S methodology, the rating matrix
result increased by 55%, compared to the result obtained in a
manufacturing company, whose value achieved an increase
of 6.18% [16], reaching a maximum value of 66.18%, while
the case study reached 80%.

Regarding the tools applied, the implementation of 5S in
conjunction with SLP resulted in a significant decrease of
33.28% in travel times, which is consistent with the literature
that states that implementing the respective system allowed
them to reduce travel time by workers by up to 56.91% [12].
Likewise, the literature on Standard Work indicates that the
application of the tool generates reductions in the defective
rate of 8% [13], an effect that was also evidenced in this
study by obtaining a total reduction in the amount of waste in
the scraping activity.

Moreover, this behavior is aligned with findings from other
Lean Manufacturing applications. For instance, one study that
employed discrete-event simulation as its main tool modeled
the production of a dual-exhaust system and reported a 10%
increase in productivity and a 17% reduction in result
dispersion. [17]

Similarly, research that implemented Value Stream Mapping
(VSM) showed that analyzing and redesigning the production
flow led to a reduction of non-value-added time from 7.56 to
2.69 days and a decrease in lead time of more than 60%.
These results, validated through discrete-event simulation,
reinforce the consistency between the improvements obtained
in this study.[18]

With respect to the hypothesis put forward, since an increase
in partial labor productivity to 1,117 units/man-hour was
evident, the null hypothesis is rejected, therefore, it is
concluded that there was an improvement after the
implementation carried out.

Furthermore, as future work, the project proposes integrating
Al, machine learning, and computer vision to automate
processes such as early defect detection. Just as in the railway
industry, where deep learning has enabled the highly accurate
identification of faults, these technologies could be adapted to
the production environment. This would allow for faster,
more reliable controls with less manual intervention [19].

5 Conclusion

Following the implementation of the methodologies included
in the improvement plan (5S, SLP and Standard Work), the
results of the final indicators showed an increase in the
performance of the process, demonstrating the value and
usefulness of the intervention carried out in the company. As

evidence of its effectiveness, a simulated increase of 37.76%
in the monthly quantity of retreaded tires was obtained.

On the other hand, regarding the transfer time of raw
materials and finished products, a significant reduction was
simulated compared to the initial time. This result is
attributed to the new layout obtained through the analysis of
the SLP methodology. Furthermore, under the continuous
improvement and productivity approach, the implementation
of 5S allowed for better organization of materials, reducing
the time spent searching for tools.

Finally, overall, an increase in the partial labor productivity
of the process was determined, going from 0.811 to 1.117
units per man-hour, which shows a significant approach to
the identified sectoral gap and fulfilling the general objective
of the improvement project. This result demonstrates that
implementing the improvement plan optimized resource
utilization, reduced unproductive time, and strengthened best
operational practices. Furthermore, the implemented tools
establish a solid foundation for maintaining continuous
improvement and ensuring the sustainability of the process
over time.
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