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AB STR AC T  

Background: The operational efficiency of industrial machinery fleets is a critical determinant of productivity and 

economic output in developing economies. Current diagnostic methods often rely on aggregated data, failing to 

account for site-specific operational variances and leading to imprecise efficiency estimates. 

Purpose and objectives: This study aims to develop and validate a novel Bayesian hierarchical model to provide 

robust, site-specific efficiency diagnostics for heterogeneous industrial machinery fleets. The objective is to quantify 

efficiency gains while formally incorporating uncertainty from multi-level operational data. 
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Article Highlights 

• Bayesian framework quantifies site-specific efficiency gains 

and uncertainty. 
• Model identifies a 0.15 log-efficiency increase per unit 

maintenance improvement. 
• Site-level random effects explain ~30% of total efficiency 

variance. 
• Provides granular, probabilistic diagnostics for targeted 

interventions. 

Methodological Contribution 

Introduces a novel Bayesian hierarchical model (ηᵢⱼ ~ Log-

Normal) that formally incorporates multi-level operational 

data and site-specific random effects for robust efficiency 

diagnostics. 

This study presents a probabilistic framework for machinery fleet 

management in developing industrial contexts. 
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📄 ABSTRACT-ONLY 

PUBLICATION 

This is an abstract-only publication. The 

complete research paper with full 

methodology, results, discussion, and 

references is available upon request. 

✉️ REQUEST FULL PAPER 

📧 Email: info@parj.africa 

Request your copy of the full paper today! 

🚀 SUBMIT YOUR RESEARCH 

Are you a researcher in Africa? We 

welcome your submissions! 

Join our community of African scholars and share 

your groundbreaking work. 

🌐 Submit at: app.parj.africa 

 

Scan to visit app.parj.africa 

Open Access Scholarship from PARJ 

Empowering African Research | Advancing Global 

Knowledge 

mailto:info@parj.africa
https://app.parj.africa/

