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Abstract: Energy storage is a key enabling technology for large-scale renewable energy
integration and new-type power system development. However, the optimal sizing and
operational scheduling of energy storage units in power systems remain critical challenges.
This study establishes a two-layer energy storage capacity configuration model to minimize
total system economic cost and develops an annual-scale optimal dispatch model.
Subsequently, optimal storage capacities are determined under different renewable
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penetration scenarios, followed by annual-scale power system dispatch. The results indicate

that as renewable penetration increases from 25.3% to 57.6%, the optimal capacities of

pumped hydro storage, compressed air energy storage, and lithium-ion batteries all increase
considerably. The lithium-ion storage share falls from 47.0% to 28.6%, indicating a growing

reliance on long-duration storage for energy shifting and peak-valley load balancing.

Throughout the year, pumped hydro storage units operate closer to their rated capacity for
more hours and during more concentrated periods, whereas compressed air energy storage

units exhibit more variable operational patterns. This study provides a reference for optimal

energy storage capacity planning and economically efficient dispatch in future high-renewable

power systems.

Keywords: regional power system; capacity configuration; optimal dispatch
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Fig. 1 Architecture of the two-layer model
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Table 1 Capacity parameters of coal power units

%'y HUH F R A /MW P BN MW
1 250 112.5
2 576 259.2
3 650 292.5
4 632 284.4
5 508 228.6
6 650 292.5
7 560 252
8 540 243
9 830 373.5
10 1000 450

*2 NEHNBEESTHREH

Table 2 Operating parameters of coal power units

G 8y by Cyi RCy Tl Ty Sy
1 0.084 -2.46 3246 135 18 82.2
2 0.053 -30.52 11192 31 27 284.6
3 0.11 -91.68 31277 527 31 321.2
4 0.092 -69.08 26344 341 28 312.3
5 0.077 -37.24 13964 411 26 251.0
6 0.11 -91.68 31277 527 31 321.2
7 0.092 -55.64 19060 454 26 276.7
8 0.056 -18.11 9403 437 20 266.8
9 0.074 -73.82 31178 448 48 410.2
10 0.039 -47.61 31696 810 78 494.2
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Table 3 Regional power grid model parameters
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