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Abstract:

Objectives: This study aims to analyze the current state of maintenance in wet-process food factories and to
identify the environmental, technical, and human challenges that hinder the adoption of intelligent maintenance
systems. It further seeks to design an integrated strategic framework for smart industrial maintenance in complex
environments and apply it to a virtual case study (HTP Foods).

Study setting: The study is based on a virtual food factory model that simulates the conditions of wet food
industries in Saudi Arabia, including high humidity, intensive cleaning and disinfection procedures, and strict safety
and quality requirements.

Methodology: A descriptive—analytical approach was used to review the literature on smart maintenance and
Industry 4.0, combined with a case-study approach to simulate the operational reality of HTP Foods.
Documentary analysis and semi-structured interviews with experts and maintenance engineers were conducted,
along with benchmarked data from previous studies, to estimate the impact of predictive maintenance and loT
solutions.

Findings: The results indicate that wet industrial environments suffer from high rates of unplanned failures, limited
effectiveness of traditional preventive maintenance, and significant gaps in digital infrastructure and human

capabilities. The case study shows that adopting a multi-layer innovative maintenance model (data acquisition,



digital integration, predictive analytics, and decision—execution) can, according to expert judgments and literature—
based benchmarks, reduce unplanned downtime by approximately 30—-40% and improve overall equipment
effectiveness.

Recommendations: The study recommends developing a gradual roadmap for transitioning to smart maintenance
in wet food factories, starting with strengthening digital infrastructure, selecting sensors suitable for humid
environments, implementing continuous training programs, and enhancing integration between operations and
maintenance departments, within a clear governance framework that supports the sustainability of digital

transformation in maintenance.
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