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Abstract: As an efficient, environmentally friendly, and long-life large-scale long-duration
energy storage technology, pumped thermal electricity storage (PTES) is a key technical
approach for constructing new-type power systems. Based on the closed Brayton cycle
principle, this study establishes thermodynamic models for single- and two-stage compression
PTES systems, focusing on the synergistic effect of two-stage compression and graded heat
storage. Furthermore, comparative analysis is performed to analyze the exergy efficiency,
round-trip efficiency, and entransy dissipation characteristics of the systems. The results
demonstrate that the collaborative operation mode combining two-stage compression and two-
stage expansion (Mode IV) exhibits the optimal performance. Under this mode, the system
achieves 83.86% exergy efficiency and 75.69% round-trip efficiency, which represent
increases of —12.19% and 10.32%, respectively, over the single-stage system. After installing
an electric heater between the two compression stages to optimize graded heat storage, the
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temperature difference between primary and secondary heat storage increases to 57.14 K.

Although this improvement decreases exergy efficiency by 26.34%, it increases round-trip

efficiency by 3.15%. Entransy dissipation analysis indicates that the energy-releasing
regenerator is the primary component causing irreversible losses. These losses can be

effectively reduced via targeted optimization. Key parameters such as heat transfer terminal

temperature difference and pressure loss are negatively correlated with the exergy and round-
trip efficiencies of the system. This study verifies the feasibility of synergistic optimization of

two-stage compression and graded heat storage, providing a solid theoretical basis for the

design and engineering application of high-performance PTES systems.
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Fig. 1 Schematic diagram of pumped thermal energy
storage systems
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Flow chart of pumped thermal energy storage
systems
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Table 3 Four hierarchical control modes of single-
stage and dual-stage systems
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