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Abstract

This study proposes an empirical model for forecasting the backup power
duration in telecommunication systems. The model integrates key battery condition
indicators—such as service life, efficiency, and the effects of initial discharge—with
environmental factors including temperature and load conditions. A 100 Ah lead-acid
battery was employed in four case studies: (1) a new battery under controlled
temperature, (2) an aged battery under controlled temperature, (3) a new battery under
uncontrolled temperature, and (4) an aged battery under uncontrolled temperature. The
calculated backup durations obtained from the proposed model were compared with
experimental results until the specified terminal voltage was reached. The findings
indicate that the proposed empirical model can accurately estimate the backup duration
with @ Mean Absolute Percentage Error (MAPE) of 11.42%, demonstrating strong
agreement with experimental data. The developed model can serve as a practical
criterion for assessing the reliability of backup power systems in telecommunication
applications and can be effectively applied to energy management and preventive

maintenance planning in future work.

Keywords: Empirical Model, Backup Power Duration, Lead-Acid Battery,
Telecommunication System, Mean Absolute Percentage Error (MAPE)
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