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Abstract
This paper presents an energy-based analysis and backup duration evaluation of battery systems
supplying critical loads in hybrid power distribution systems for buildings. The proposed approach

emphasizes a transparent, traceable, and practically applicable calculation framework suitable for
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preliminary assessment without relying on specialized simulation tools. In this study, a structured Microsoft
Excel framework is developed, consisting of three main parts: Inputs, SOC Calculation, and Sensitivity
Analysis. The framework is used to estimate usable energy and backup duration under key parameters,
including battery capacity, allowable depth of discharge, overall conversion efficiency of the power
conversion system, and critical-load demand. In addition, a consistency check between the closed-form
energy-based calculation and the time-step calculation is included to improve the credibility of the
proposed method. The results are presented in terms of battery state-of-charge trajectories over time and
parametric relationships between backup duration and major system variables. For the base case of Epqe =
100 kWh, DoD = 0.8, 1gys = 0.9, and Perir = 10 kw, the calculated backup duration is 7.2 hours. Sensitivity
analysis shows that backup duration increases with battery capacity and system efficiency, and decreases
with critical-load demand. The proposed framework therefore provides a concise and verifiable tool for

preliminary design and adequacy assessment of battery backup systems for building critical loads.

Keywords: battery systems; critical loads; hybrid power distribution; backup duration; energy-based

analysis
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State of Charge (SoC) vs Time (Base Case)
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Backup Time vs Battery Capacity
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