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Abstract: To expand the power regulation range of charging/discharging in energy storage systems for adapting
to different capacity levels of renewable energy integration across various scenarios such as large-scale and rural
applications, this paper proposes two-series and three-series systems based on multi-level compressed CO: energy
storage systems and conducts a comprehensive performance comparative study. First, the operation method of
the multi-level compressed carbon dioxide energy storage system under three levels is introduced. And the system
indicators are exhibited. Then, the study obtains the safe operation range of both the turbine and compressor. The
optimal pressure of the medium-pressure storage tank in the two systems is achieved. Subsequently, the detailed
charge and discharge power under all levels are shown for the two systems. Finally, a comparison is made on the
system indicators under three levels between the two systems. The results reveal that, based on the models and
the design parameters, the optimal pressure of the medium-pressure storage tank for the three-series system is
4.178 MPa, while that of the two-series system is 5.088 MPa. The charge power range of the two-series system
is 22.78% higher than that of the three-series system. The charge power gap of the three-series system is 22.80%
lower than that of the two-series system. Compared to the three-series system, the two-series system has a higher
charge power range, discharge power range, round-trip efficiency, and energy density under all three levels. To
conclude, the two-series system has better system performance. The study demonstrates that the two-series system
delivers superior operational performance, with these findings holding significant practical implications for
promoting rural low-carbon transition and enhancing efficiency in large-scale renewable energy utilization.
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Fig.1 Diagram of the multi-level compressed carbon dioxide
energy storage system with three compressors and turbines
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Fig.2 Diagram of the multi-level compressed carbon dioxide

energy storage system with two compressors and turbines
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Fig.4 Effect of Compressor 1 compression ratio on charge power

of 3 levels and charge power range (three-series system)
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Fig.7 Discharge power at different levels under the two systems
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