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ABSTRACT-The footwear sector in Peru has experienced
sustained growth over time, playing a significant role in the
national economy and contributing substantially to emplo-
yment and exports. Consequently, companies in the sector
must continuously evolve to meet new market demands
and address production-related challenges that affect their
competitiveness. In this context, identifying the root causes
of these challenges is essential, such as the high level of
leather waste, which is directly linked to insufficient input
inspection, the absence of standardized cutting procedu-
res, and recurrent sewing machine failures. This research
proposes an improvement model based on three key tools—
Total Quality Management (TQM), Standardized Work,
and Total Productive Maintenance (TPM)—with the main
objective of reducing leather waste in footwear companies
to enhance material utilization, productivity, and profitabi-
lity. The results confirm the effectiveness of the proposed
model, achieving a reduction in overall leather waste from
33.2% to 20.1%, a 20% increase in productivity, and a return
on investment in less than three months.

Index Terms—Leather waste, productivity improvement,
Standardized Work, Total Quality Management (TQM), Total
Productive Maintenance (TPM).

I. INTRODUCTION

The leather and footwear industry in Peru is an economically
significant sector, contributing 0.8% to the manufacturing
GDP and employing more than 64,000 workers [1]. In recent
years, exports have shown a positive trend, driven by new
market opportunities and increasing demand for quality
products. However, the sector remains dominated by micro
and small enterprises (MSEs), which face structural barriers
that limit their competitiveness. These include deficiencies
in general administration and lack of quality standards

and technology to optimize production processes [2], poor
resource utilization and low productivity, as documented in
case studies within the sector [3], [4], the presence of manual
artisan work and lack of standardized procedures [5], and
difficulties in competing with larger firms that benefit from
economies of scale. These challenges directly affect opera-
tional efficiency, product quality, and profitability.

This study analyzes a Peruvian MSE with more than
25 years of experience in manufacturing leather foot-
wear for children and school use. Despite producing over
10,800 pairs annually, the company faces a critical issue: an
average leather waste rate of 33%, significantly higher than
the 20-30% range reported for footwear and leather goods
industries [6]. This inefficiency results in monthly loss of
approximately 300 unproduced pairs and represents up
to 63% of the company’s potential profits. Addressing this
issue is essential for improving profitability and strength-
ening the company’s competitiveness in an increasingly
demanding market.

The identified causes of this high level of leather waste
include the use of defective raw materials due to insuffi-
cient inspection, poor layout and cutting practices resulting
from the lack of standardized procedures, and frequent
sewing machine failures caused by inadequate preventive
maintenance. These issues reveal broader weaknesses in
quality management, process standardization, and equip-
ment upkeep. As a result, the study proposes a hybrid
operational improvement model that integrates three
well-established tools from industrial engineering: Total
Quality Management (TOM), Standardized Work, and Total
Productive Maintenance (TPM). The objective is not only to
reduce material waste but also to enhance overall efficiency,
increase productivity, and serve as a reference model for
other MSEs facing similar challenges.
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To quantify the problem, this study uses the percentage
of leather waste as a key performance indicator (KPI). Data
collected over a 12-month period show a consistent waste
rate of 33%, revealing a technical gap of 13% compared to
the industry average. This waste translates into an esti-
mated annual loss of S/1,227,420, including 2,700 ft* of
leather discarded monthly at an average price of $8.55/ft?,
and the loss of 300 pairs of shoes per month, each with
a $15 profit margin. This economic impact highlights the
urgency of implementing improvement actions.

The production process of the company involves several
sequential stages, as illustrated in Fig. 1: leather selection,
cutting, coding and classification, skiving, assembling,
lasting, finishing, and packaging. The cutting and sewing
stages are identified as the main sources of waste and are
therefore prioritized for intervention.

To better understand the situation, a problem tree was
developed, as shown in Fig. 2. This diagram identifies the
main problem—excessive leather waste—and its root causes:
the use of defective leather due to inadequate inspection,
cutting errors resulting from the absence of standardized
procedures, and machine-related damage caused by poor
maintenance. Each cause is linked to a corresponding tool
within the proposed solution: TOM addresses inspection
processes, Standardized Work improves cutting efficiency,
and TPM enhances equipment reliability.

This article presents the proposed model and its appli-
cation through the following structure. First, it outlines the
context, problem, motivation, and diagnostic findings. Then,
aliterature review is provided to support the selection of the
proposed tools. The next section describes the methodology
and implementation of the hybrid model. Subsequently,
results from the validation stage are discussed, followed by
conclusions and a scenario analysis to evaluate the model’s
adaptability under different operational conditions.

II. METHODOLOGY

A. Literature Review

This study draws upon a hybrid improvement model
that integrates three well-established methodologies in
industrial engineering: TQM, Standardized Work, and TPM.
Each of these tools is applied to address a specific root
cause of leather waste in the footwear production process,
as identified during the diagnostic phase.

TOM is a comprehensive management philosophy that
involves all members of an organization in the contin-
uous improvement of processes, products, and services to
achieve long-term customer satisfaction. Academic liter-
ature supports TQM as a critical driver of organizational
performance, as evidenced by studies such as [7], which
demonstrate its direct impact on operational efficiency and
an organization’s ability to adapt to market demands. In the
context of the footwear industry, the implementation of
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Fig. 2. Problem tree diagram.

TOM is essential for establishing a robust quality culture,
which is fundamental to addressing the root causes of
production-related issues. This methodology provides a
structured framework to proactively identify and eliminate
defects from the earliest stages of the production chain,
such as raw material inspection, which is a key factor in
mitigating high levels of leather waste.

Furthermore, TQM principles enable a data-driven
approach to process control, ensuring that all operational
activities are aligned with the strategic objectives of the
business. By integrating quality assurance throughout the
entire value chain—from supplier management to final
product delivery—organizations can significantly improve
its resilience and operational efficiency. The continuous
application of TQM principles not only leads to a superior
end-product but also fosters a proactive problem-solving
environment. This ultimately translates into optimized
resource utilization, reduced operational costs, and an
improved competitive standing in the market.

Standardized Work is a fundamental lean manufac-
turing tool that focuses on documenting and implementing
the most efficient and safest procedures for performing
tasks. This tool’s primary objective is to eliminate process
variability, a common source of defects, waste, and incon-
sistencies in production. As confirmed by the literature,
including seminal works by Fin et al. [8] and empirical
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evidence from the footwear sector by Solomon [9], who
demonstrated that standardizing the leather cutting
method across all operators significantly reduced material
waste and improved cutting efficiency. In the footwear
sector, where raw material costs are significant, the imple-
mentation of this tool is crucial for addressing the problem
of excessive leather waste. By defining the “one best way”
to perform the cutting process, it ensures that every cut is
made with maximum material yield in mind, minimizing
leftover scraps.

The application of standardized work directly addresses
the problem of high leather waste by providing a clear and
uniform template for the cutting process. This practice not
only improves material utilization but also serves as a stable
foundation for employee training and continuous improve-
ment initiatives. When processes are standardized, it
becomes easier to identify inefficiencies and make targeted
adjustments. This approach enables further reductions in
waste and sustained gains in productivity, as a well-de-
fined and optimized procedure serves as the baseline for all
subsequent improvements. Consequently, the implemen-
tation of standardized work is a prerequisite for achieving
operational excellence in a resource-intensive industry like
footwear manufacturing.

TPM is an advanced maintenance strategy that seeks to
maximize the overall effectiveness of equipment throughout
its entire life cycle. Unlike traditional reactive maintenance,
which addresses failures only after they occur, the academic
literature supports TPM as a proactive and collaborative
approach involving operators, maintenance personnel, and
management. This methodology is centered on the principle
that equipment failures are largely preventable through a
culture of ownership and consistent care.

A core component of TPM is Autonomous Maintenance,
a concept that empowers operators to take ownership
of their own equipments basic maintenance and care.
By training operators to perform routine tasks such as
cleaning, lubrication, inspection, and minor adjustments,
TPM not only frees up specialized maintenance personnel
for more complex repairs but also instills a sense of respon-
sibility and enhances the operator’s understanding of their
machinery. This proactive approach is vital for the foot-
wear industry, as it ensures that critical machinery, such as
sewing and cutting machines, remains in optimal working
condition. The implementation of TPM, particularly through
Autonomous Maintenance, directly contributes to reducing
defects caused by faulty equipment, minimizing production
downtime, and ultimately achieving smoother, more effi-
cient, and more productive operation.

Fig. 2 illustrates the alignment of each tool with a
specific root cause and its corresponding KPI, forming a
coherent strategy for reducing leather waste.

Together, these three methodologies form a synergistic
framework that addresses material losses at different stages
of the production system including inspection, layout and
cutting, and machine operation. The literature supports
their individual effectiveness, and their integration into a
hybrid model provides a comprehensive response to the
structural inefficiencies observed in small-scale leather
footwear manufacturing.

B. Innovation Proposal

The Peruvian footwear industry is a traditional and
labor-intensive sector that plays a crucial role in the
national economy, particularly through the contribution of
MSEs. These firms represent a significant share of domestic
production and employment; however, they face persistent
structural challenges, including limited access to formal
financing, high levels of informality, low technological
adoption, and operational inefficiencies. These constraints
hinder competitiveness and limit the sector’s ability to meet
modern market demands.

In recent years, the sector has experienced positive
export trends, largely due to the growing demand for
quality footwear and the opening of new international
markets. However, despite these opportunities, many MSEs
continue to struggle with low productivity and high levels
of waste in their production processes. One of the most crit-
ical issues is the excessive leather waste rate, which in many
cases exceeds the accepted industry standard of 20%. Such
high waste levels not only reduce profit margins but also
compromise sustainability and material efficiency.

Previous studies have emphasized the importance of
adopting continuousimprovementmethodologiestoaddress
these inefficiencies. Tools such as TOM, Standardized Work,
and TPM have been successfully applied across diverse
manufacturing contexts to reduce waste, improve process
stability, and increase overall productivity. However, their
application in small-scale footwear manufacturing environ-
ments remains limited, particularly in Latin America.

This research builds upon these foundations by applying
a hybrid model that integrates TOM, Standardized Work,
and TPM to address the specific causes of leather waste in
a Peruvian footwear MSE. The model not only targets tech-
nical improvements but also promotes cultural shift toward
operational discipline and process control, contributing to
the long-term sustainability of the business.

This study contributes to the existing body of knowl-
edge by applying a hybrid model tailored to the operational
realities of small-scale leather footwear manufacturing.
While methodologies such as TQM, Standardized Work,
and TPM have been extensively studied in large-scale indus-
trial contexts, their integrated implementation in MSEs in
the Peruvian footwear sector remains underexplored. This
research demonstrates how these tools can be adapted
to reduce material waste, improve process stability, and
increase profitability in resource-constrained environments.
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1) Total Quality Management (TQM): The application of
TOM in this study focuses on enhancing raw mate-
rial inspection prior to production. By implementing
visual and tactile quality checkpoints at the leather
selection stage, the company was able to identify and
isolate defective inputs at an early stage, preventing
their entry into the value stream. This contributes to a
proactive quality culture and aligns with the principles
of defect prevention rather than post-process detec-
tion. The study provides practical evidence that TQM
can be effectively applied without the need for costly
automation or advanced inspection systems.

2) Standardized Work: Standardized Work was applied
to address variability in the leather cutting process.
Through the use of simulation software (DeepNest) and
printed cutting templates, a repeatable and optimized
layout optimized layout methodology was imple-
mented, significantly reducing material losses caused
by inconsistent cutting practices. This contribution
demonstrates that even in highly manual processes,
visual standardization and structured operator guid-
ance can substantially improve resource utilization
and process efficiency. Furthermore, the integration of
operator training and continuous audits reinforces a
sustainable cycle of continuous improvement.

3) Total Productive Maintenance (TPM): TPM was imple-
mented to reduce leather losses caused by sewing
machine failures. The study introduced a dual-
level maintenance approach—daily autonomous
maintenance by operators and monthly technical
inspections—supported by digital incident tracking
using UpKeep. This framework improved machine
reliability and reduced downtime, protecting semi-fin-
ished products from damage. The key contribution of
this approach lies in demonstrating that TPM can be
adapted to small workshop environments and still yield
measurable performance gains, even in the absence of
sophisticated monitoring systems.

Together, these tools form a coherent and adaptable
model that can be replicated in similar small and medi-
um-sized enterprises (SMEs). This research not only
addresses a specific operational problem—leather waste—
but also provides a structured methodology that supports
broader objectives of productivity, sustainability, and
competitiveness in emerging economies.

C. Implementation of the Integrated System

The following section presents the improvement
proposal through various phases and components. This
model integrates the information gathered during the diag-
nostic phase and links the proposed actions to each selected
technique.

1) Phase 1 - Data Collection: In this initial phase, informa-
tion is gathered. An empirical study was conducted
through the analysis of historical production records,

Fig. 3. Identification of leather defects prior to the
cutting process.
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Fig. 4.

Cutting pattern simulation in DeepNest.

direct observation in the plant, and interviews with
operational staff. As an analytical tool, a problem tree
was developed, which allowed for a clear visualization
of the cause-and-effect relationships associated with
the identified issue. The diagnostic process revealed
that the main cause of leather waste is linked to three
primary reasons: production of shoes with defects
(leather blemishes), errors in the cutting area, and
errors in the sewing area.

Phase 2 - Implementation of TQM, Standardized Work,
and TPM: To address the identified problem, an inte-
grated system was implemented with the objective of
preventing waste generation.

2a) Implementation of TQM: The proposed improve-
ment incorporated a visual and tactile inspection
point for leather sheets prior to cutting, structured
according to the TQM approach.

A standardized template was developed for evaluating
the leather, enabling the identification of unusable
areas, as illustrated in Fig. 3. A marking procedure
was implemented to guide operators on which
areas to avoid during cutting. This action not only
strengthens quality assurance from the early stages
but also promotes a culture of continuous improve-
ment and visual control based on objective criteria.
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2b) Implementation of Standardized Work: For this imple-
mentation, the DeepNest tool was employed as an
automated nesting software, enabling the simula-
tion of the optimal arrangement of pieces on a given
surface, as shown in Fig. 4. The proposal involves
digitally designing the cutting patterns and then
printing them for direct use on the leather sheets
by operators. This action introduced a standardized
visual guide into the cutting process, reducing reli-
ance on individual judgment and improving leather
utilization. Additionally, this improvement enabled
the standardization of results among operators and
reduced variability between production batches,
without requiring costly automation.

2¢) Implementation of TPM: A maintenance system was
designed and implemented based on the principles
of TPM, as illustrated in Fig. 5. The TPM imple-
mentation was structured as a staged process,
with the purpose of transforming the maintenance
culture from a reactive orientation to a preven-
tive one. The cornerstone of this approach was
Autonomous Maintenance, for which an intensive
four-day training program was developed for the
sewing machine operators. This training was deliv-
ered by an industrial machinery specialist at the
end of the workday and covered essential topics
such as machine anatomy, cleaning and lubrica-
tion routines, common adjustments based on the
type of leather, and the use of the UpKeep soft-
ware for digital recording of incidents and machine
maintenance. Following the training, the recording
process was standardized through the use of daily
maintenance checklists in UpKeep, lasting 10 to
15 minutes and conducted before and after the
workday, ensuring tasks such as needle inspection,
residue removal, and verification of the electrical
system were consistently performed.

This pillar of Autonomous Maintenance was comple-
mented by monthly Planned Maintenance, conducted by
specialized technical personnel and focused on in-depth
inspections and preventive adjustments. The UpKeep soft-
ware served as the central element of the system, enabling
supervisors to monitor compliance with routines for each
operator, analyze failure frequency, and establish a knowl-
edge base to anticipate future issues. In this way, the
initiative not only ensures the operational availability of
equipment and prevents recurring failures that affect leather
pieces but also fosters operator accountability in machinery
care and supports continuous and reliable production.

The overall improvement approach is summarized in the
macro model as shown in Fig. 6. The proposal integrates three
complementary tools: TOM to reduce the number of defec-
tive leather pieces through improved inspection processes,
Standardized Work to minimize tracing and cutting errors,
and TPM to increase the reliability and availability of

Fig. 5. Implementation of UpKeep.
STANDARDIZED
WORK
i gmTmoonseney A Tvaélng and e
o
N iNPUTS oo il ouTPUT:
| High % of waste | i Low % of waste
! (33% of raw ! H (2025%-2295% M
. material) ) I of raw mate o
j OEECSCIS GRS -7 Reduce errors in the e 4
tracing and cutting of
the leather
Increase the reliability
and availablility of the
sewing machine
Fig. 6. Macro model of the proposal.

sewing equipment. The model illustrates the transformation
from a high raw material waste rate of approximately 33%
to a reduced range between 20.25% and 22.95%, thereby
improving material utilization and process efficiency.

To evaluate the effectiveness of the proposed improve-
ment model, the following KPIs were defined, each
associated with one of the implemented tools:

+  Percentage of area lost due to defective parts
(TOM): This indicator quantifies the waste gene-
rated directly by quality defects in the raw material.
It measures the impact of the TOM implementation
by ensuring that only defect-free leather pieces
proceed through the production process.

(Adefective) %100 1)

Atotal

Where Adefective is the area lost due to defective leather,
and Agptql is the total leather area used.

- Percentage of total waste area (Standardized
Work): This KPI measures the overall efficiency of
material usage. It quantifies the reduction in total
waste (scrap) achieved through the standardization
of cutting and tracing processes, thereby optimi-
zing leather utilization.

(“‘W—f) 100 @)

used
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Where Ayyaster is the total scrap leather area, and Ayged is
the total leather area fed into production.

«  Percentage of area lost due to sewing machine
breakdowns (TPM): This indicator quantifies mate-
rial losses specifically caused by technical failures
or equipment breakdowns. It serves as a direct
measure of the effectiveness of TPM in ensuring
machinery availability and proper operation.

( Adamaged ) *100 (3)

Ainfprocess

Where Adgmaged 18 the number of pairs damaged due to
machine failures, and Ajn—process is the total number of pairs
in process.

+ Total Percentage of Lost Leather (General): This
overall indicator consolidates the losses identified
by TOM, Standardized Work, and TPM. It repre-
sents the cumulative reduction of waste throughout
the process, providing a comprehensive view of the
project’s success.

(£t ) 100 @)

Atotal

Where A[yst is the sum of all leather losses from various
causes, and Agggql is the total leather area available for
production.

ITII. RESULTS

The implementation of the hybrid improvement model,
integrating TQM, Standardized Work, and TPM, resulted in
measurable and significant reductions in leather waste.

As summarized in Table I, TOM reduced the percentage
of area lost due to defective (scarred) leather pieces from
6.8% to 4.4%, a decrease of 2.4 percentage points. This
improvement was achieved by strengthening the inspection
stage, enabling early detection and marking of unusable
areas to prevent their incorporation into production.

Standardized Work had the largest impact, reducing
the total percentage of area wasted from 22.4% to
13.5% (-8.9 percentage points). The implementation
of optimized cutting layouts using DeepNest soft-
ware, combined with printed templates for operators,
minimized cutting variability and enhanced leather
utilization across production batches.

The implementation of Autonomous Maintenance,
as a fundamental pillar of TPM, demonstrated significant
improvements in the operational efficiency of the produc-
tion process. Quantitatively, the KPI percentage of area lost
due to sewing machine breakdowns decreased from an
average of 4% in the baseline scenario to 2.2% in the improved
scenario, representing a reduction of 1.8 percentage points.
The robustness of this improvement was confirmed through

TABLE I
IMPLEMENTATION RESULTS

Tools Indicator Unit  ASIS TO-BE Var

Percentage of area lost
TQM due to defective (scarred) % 6.8% 44% -2.4%
leather pieces

Standardized Total percentage of area

0, 0, 0, . 0,
Work wasted %  224% 13.5% -89%
Percentage of area lost
TPM due to sewing machine % 4% 22% -18%
breakdowns
%Loss 332% 20.1% -13.1%

statistical analysis, as the 95% confidence intervals for
both scenarios ([3.85%, 4.15%] for the baseline and [2.1%,
2.3%] for the improved) do not overlap. Consequently, the
observed difference is statistically significant (p <0.05) and
cannot be attributed to random variation. From a qualitative
perspective, the application of Autonomous Maintenance
routines—including daily cleaning, lubrication, and inspec-
tion tasks performed by operators, complemented by
monthly technical inspections—contributed to a substantial
reduction in production losses associated with equipment
failures. Moreover, it standardized maintenance practices
and fostered a cultural shift among workers.

The combined effect of these tools reduced the overall
%Loss indicator from 33.2% to 20.1%, representing a total
improvement of 13.1 percentage points. This translates into
both material and economic benefits, with the company
recovering a substantial volume of usable leather while also
strengthening operational reliability.

IV. DISCUSSION

A. Validation Scenario

The validation of the proposed model, which integrates
TOM, Standardized Work, and TPM, allowed for a direct
comparison between the current state and an improved
scenario through both Arena simulation and on-site pilot
tests. The simulation incorporated specific modules such as
Leather_Inspection_Marking for TOM, DeepNest Simulation
for Standardized Work, and scheduled maintenance using
UpKeep for TPM, enabling an accurate representation of the
improvements in quality control, cutting optimization, and
machine availability.

Post-implementation results were consistent across
both validation methods, confirming the robustness of the
proposed model. Leather loss decreased from 946 ft* to 553
ft> per month, corresponding to a saving of USD 3,444 per
month, while the overall waste percentage dropped from
44% to 26%. These results exceed the reduction needed to
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Fig. 7.

meet the sector benchmark. This performance is theoret-
ically supported by Al-Qahtani et al. [7] and is consistent
with the empirical evidence of Phan et al. [10] that TOM
process control practices reduce process variance, leading to
fewer scraps and lower production costs in manufacturing
environments.

B. Initial Diagnostic

In the initial diagnostic, the waste rate of 32% signifi-
cantly exceeded the industry standard of 20%. The main
causes identified were cutting defects (43%), sewing errors
(19%), and leather with blemishes (38%). These conditions
generated irrecoverable material losses and adversely
affected the final product quality.

Additionally, operator productivity averaged 71 pairs
per month, and leather utilization showed high variability.
These findings underscore the need for an integrated
approach capable of simultaneously addressing quality
inspection, process variability, and equipment reliability
simultaneously.

C. Validation Design

The validation was designed with a dual approach
combining simulation and real-world experimentation. The
model was first tested in Arena, representing both the current
(AS-IS) and improved (TO-BE) processes, as shown in Fig. 7.

Subsequently, pilot tests were carried out focusing on
Standardized Work and TPM, while the validation of TQM
was mainly supported by simulation.

In both cases, KPIs, waste volume and final output,
showed significant improvements: waste from blemishes
decreased by 35%, waste from sewing errors decreased by
42%, and monthly productivity per operator increased by
39%, rising from 71 to 99 pairs. The benefit-cost ratio (B/C)
was 11.64, confirming the economic feasibility of the model.

, Paresde zaiams cread

Diagram of the improved production model.

While the results indicate strong potential for replica-
tion in other footwear SMEs, the model’s success depends
on sustained training, cultural adoption of standardized
practices, and adaptation to local constraints. Integration
with digital monitoring or partial automation could further
enhance preventive maintenance effectiveness and real-time
quality control, amplifying the model’s long-term impact.

V. CONCLUSIONS

This research presented an operational improvement
model aimed at reducing leather waste in a Peruvian
small-footwear manufacturing enterprise. The proposed
hybrid model combined TQM, Standardized Work, and
TPM to address the primary sources of waste: defective raw
materials, inefficient cutting processes, and sewing machine
failures.

The model’s implementation reduced total leather waste
from 33.2% to 20.1%. Individually, cutting waste decreased
from 22.4% to 13.5%, machine-related losses from 4% to
2.2%, and material losses due to defects from 6.8% to 4.4%.
These results were validated using both real data collection
and discrete-event simulation.

The financial analysis indicated a benefit-cost ratio
(B/C) of 11.64, with monthly savings of USD 3,444 against
an initial investment of USD 2,678.40. The return on invest-
ment was achieved in under three months, confirming the
solution’s economic feasibility.

The integration of the three tools enhanced operational
discipline, process standardization, and preventive main-
tenance practices without requiring high-cost automation.
The results support the scalability and applicability of the
model to other SMEs within the footwear industry that face
similar constraints.
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