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Abstract: To enhance the operational resilience of distribution networks amid high
penetration of renewable energy and extend the service life of energy storage systems (ESS),
we propose an optimal ESS capacity configuration method based on battery aging
assessment and operational risk delineation. First, we construct the operational architecture of
the ESS incorporated into a distribution network. Drawing on the battery state of health and
capacity degradation mechanism, we establish a multifactor dynamic evaluation model that
delineates the lifespan boundaries of batteries across different operational phases. Second,
we develop a multiscenario simulation system accounting for typical load variations,
renewable energy fluctuations, and equipment failures. Through time-series power flow
calculation and state assessment, we delineate the occurrence probability and spatial
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distribution characteristics of key operational risk factors, including node voltage deviations,

feeder overloads, and ESS power inadequacy. Finally, considering battery aging, voltage

deviation probability, and overcharging frequency, we formulate an ESS configuration model
to optimize battery lifespan, system risk, and distribution network operational cost.

Multiscenario simulations verify that the proposed ESS configuration method effectively

enhances the scientific rigor of capacity configuration, extends ESS lifespan, and strengthens

the operational reliability of distribution networks.

Keywords: energy storage capacity allocation; battery aging; risk simulation; multi-scenario

simulation
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Fig. 2 Capacity configuration solution flow chart
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