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Abstract

The integration of modular multilevel converter (MMC) with battery energy storage systems (BESS)
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preserves the inherent advantages of MMC, such as modular scalability and high-voltage capability,
while leveraging energy storage units to provide active and reactive power support for enhanced
power quality. This study focuses on an MMC-based BESS, establishing a multi-objective control
framework to simultaneously regulate output current and circulating current. An online optimiza-
tion method is employed to dynamically determine optimal weighting factors for Pareto-frontier
tracking. Subsequently, the number of activated battery submodules is calculated based on energy
requirements, followed by a state-of-charge (SOC)-sorting algorithm to prioritize submodule switch-
ing actions within each arm. The proposed strategy demonstrates precise current tracking capabil-
ity while achieving SOC balancing across three critical dimensions: inter-phase, upper-lower arm,
and intra-arm module levels. Simulation studies validate the effectiveness and feasibility of the con-
trol methodology in harmonizing power delivery and energy management objectives.
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Figure 1. Single-phase equivalent circuit
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Table 1. Simulation parameters of modular multilevel battery energy storage system
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Figure 2. Online optimization flowchart
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Figure 3. Diagram of sorting selection balancing control
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Figure 4. Circulating current and output current waveforms under MPC strategy
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