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ABSTRACT | The management of complex industrial assets requires structured
reliability approaches from the earliest design phases. In this context, this
study analyzes the application of the Initial Control pillar of Total Productive
Maintenance (TPM) throughout the lifecycle of industrial assets, based on
a case study conducted in a bulk solid cargo port terminal. The adopted
methodology integrates reliability engineering, maintenance, and operational
practices from the Front-End Loading (FEL) phases, using tools such as FMEA,
criticality analysis, Reliability-Centered Maintenance (RCM) concepts, and
hierarchical asset structuring. The study was carried out in a terminal with an
annual handling capacity of 6 million tons and an investment of approximately
BRL 800 million. Results indicate a 19% reduction in maintenance plans, a 17%
reduction in execution hours, and an 18% reduction in labor costs, in addition
to increased reliability and operational availability. It is concluded that the
application of Initial TPM Control significantly contributes to early failure
mitigation, optimization of operational costs, and improved asset lifecycle
performance.

Keywords | TPM, reliability engineering, initial control, industrial maintenance,
asset lifecycle.

Open Science Brazil. S&0 Paulo (Brasil), Preprint, 2026 - 1=5


https://orcid.org/0009-0004-2714-006X
https://cienciaabertabrasil.org/revista/index
https://alumniin.com/inicio/

A, Open Scisnes Morais, P.L.C. (2026).
! BRAZIL INTEGRATION OF INITIAL TPM CoNTROL INTO THE LIFECYCLE OF INDUSTRIAL AsseTs: A Case STUDY IN A BuLk SoLib CARGO PORT TERMINAL.

1. INTRODUCTION

The increasing complexity of large-scale industrial systems has posed significant
challenges to maintenance engineering, particularly regarding asset reliability, availability,
and operational sustainability. In high-criticality facilities, failures occurring during early
operational stages can lead to substantial impacts on cost, productivity, safety, and overall
system performance.

Total Productive Maintenance (TPM) is a well-established approach aimed at maximizing
equipment effectiveness throughout its lifecycle by systematically eliminating losses and
integrating operational and technical functions (Nakajima, 1988). Among its pillars, Initial
Control is particularly relevant, as it incorporates reliability, maintainability, and operability
requirements during the design and implementation phases of assets.

Reliability engineering literature demonstrates that decisions made in early project stages
directly influence total cost of ownership, operational availability, and equipment lifespan
(Blanchard, 2004; Moubray, 1997). In this context, it becomes essential to understand how
Initial Control principles can be integrated into the lifecycle of industrial assets.

This study aims to analyze the practical application of TPM Initial Control in a bulk
solid cargo port terminal, evaluating its impacts on maintenance structure, reliability, and
operational performance.

2. THEORETICAL BACKGROUND

TPMis widely recognized as a management philosophy focused on maximizing industrial
asset efficiency through integrated participation of operations, maintenance, and engineering
departments (Nakajima, 1988).

Among its core pillars, Initial Control ensures that reliability, maintainability, and
operability requirements are embedded from the earliest stages of the asset lifecycle,
reducing the occurrence of early failures and lowering future operational costs.

According to Moubray (1997), industrial system reliability depends on a proper
understanding of failure modes and the definition of maintenance strategies aligned with
asset functions. Complementarily, Blanchard (2004) emphasizes that decisions made during
early engineering phases have an exponential impact on lifecycle costs.

The integration of asset management, reliability, and maintenance has been increasingly
promoted by modern industrial management models, which emphasize a full lifecycle
perspective to maximize organizational value.

3. METHODOLOGY

This study adopts an applied research approach with a single-case study design,
combining qualitative and quantitative performance analysis.
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The methodology was implemented during the commissioning phase of a bulk solid
cargo port terminal between July and December 2025, aiming to structure maintenance
processes prior to commercial operation.

The N&A Integrative Methodology was developed in alignment with FEL 1, FEL 2, and
FEL 3 phases, extending through execution, commissioning, and early operation stages,
ensuring the incorporation of TPM Initial Control principles throughout the asset lifecycle.

The development of maintenance strategies involved multidisciplinary participation from
Operations, Maintenance, Process, and Safety teams. Asset classification was performed
using structured criticality analysis, considering impacts on safety, environment, production,
quality, reliability, and operational availability.

The following tools were applied:

e Hierarchical asset structuring

e Failure Mode and Effects Analysis (FMEA)

e Operational criticality analysis

¢ Reliability-Centered Maintenance (RCM) principles

¢ Preventive and condition-based maintenance strategies
e Critical spare parts management

* Inspection route planning

e SAP PM maintenance system structuring

The scope covered 131 main equipment units and 15,568 subcomponents distributed
across the terminal systems.

4. CASE STUDY

The study was conducted at a bulk solid cargo terminal located in the Port of Aratu,
Bahia, Brazil, with an operational capacity of up to 6 million tons per year and an estimated
investment of BRL 800 million.

The system comprises nine main subsystems, including conveying systems, eco-hoppers,
industrial drainage, fire protection systems, utilities, and electrical substations.

The complexity of the project required multidisciplinary integration among engineering,
procurement, construction, commissioning, operations, and maintenance teams from the
early implementation phases.

The maintenance structure was established during commissioning, enabling early
identification of failure modes, revision of OEM recommendations, and definition of
maintenance strategies aligned with operational requirements.
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5. RESULTS AND DISCUSSION

The application of TPM Initial Control demonstrated significant impacts on maintenance
and reliability indicators.

The main observed results include:

e 19% reduction in maintenance plans

* 17% reduction in execution hours

* 18% reduction in labor costs

e Approximately BRL 190,298 in labor-hour savings
¢ |Increased operational reliability and availability

The reduction in maintenance plans resulted from technical review of original OEM
recommendations, combined with criticality analysis and reliability engineering principles.
Low-value activities were eliminated or optimized, while condition-based monitoring
strategies were introduced.

The implementation of structured inspection routes and lubricant analysis enabled
early detection of operational deviations, reducing corrective interventions and
improving predictability.

These findings are consistent with Nakajima (1988), Moubray (1997), and Blanchard
(2004), reinforcing that early lifecycle decisions have a direct and significant impact on cost,
reliability, and availability.

From a reliability engineering perspective, the results highlight the importance of
integrating design, maintenance, and operations from the earliest project phases to reduce
early failures and enhance overall system efficiency.

5.1 Institutional Validation of Results

The results presented in this study were acknowledged and validated by the project
management team during the commissioning and operational readiness phases of
the terminal.

The institutional evaluation highlighted improvements in maintenance structuring,
optimization of operational resources, and increased asset reliability, reinforcing the practical
applicability of the proposed methodology.

6. CONCLUSION

The application of TPM Initial Control throughout the lifecycle of industrial assets proved
effective in improving reliability, availability, and operational cost optimization.

The findings demonstrate that incorporating maintenance practices during the design
and implementation phases is essential for reducing early failures and enhancing overall
system efficiency.
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It is concluded that the methodology applied by N&A Integrative is robust, scalable, and
aligned with international best practices in reliability engineering and asset management,
contributing to the development of a sustainable maintenance framework across the
asset lifecycle.
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