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A two-layer capacity optimization configuration model for compressed
air energy storage in abandoned mines considering renewable energy
integration
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Abstract: Driven by the “dual-carbon” goals, this study proposes a two-layer capacity optimization method for
compressed air energy storage (CAES) in abandoned mines, addressing both the challenges of renewable energy
integration and the resource utilization of abandoned mine spaces. Unlike traditional static capacity designs that

rely solely on roadway volume, this approach balances economic performance with renewable energy integration,
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providing a practical framework for planning energy storage systems in abandoned mines. The proposed model
consists of a planning layer and an operation layer: the planning layer seeks overall economic optimality, while the
operation layer aims to maximize renewable energy utilization. These layers interact iteratively, and the model is
solved using an improved particle swarm optimization algorithm to determine the optimal configuration. Multi-
scenario simulations based on the modified IEEE 33-node system show that, compared with traditional fixed-
capacity configurations, the proposed model increases renewable energy absorption by an average of 6.53% and
reduces total costs by 45.45% across four typical scenarios. The results verify the model’s effectiveness in
improving both renewable energy utilization and economic performance.

Keywords: compressed air energy storage; abandoned mines; renewable energy integration; two-layer capacity

optimization configuration; improved particle swarm optimization algorithm
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Fig.2 Schematic diagram of the interaction between the planning layer and the operation layer of the two-layer

optimization model for AA-CAES in abandoned mines
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Fig.3 Flowchart of the improved particle swarm optimization algorithm for solving the two-layer optimization model

K-meansZ¥K
v

3 EZERFEBEAMHNEFEMNEERETESH

3 HEBHERAREKE

CH T IEEE33 15 A L HL R G HEAT 05 FLIE o A T R IR A N B R P L AR T A 6.21 Ab A il AAE
TN 500 kKW BDGAR B ol 7645 5 23 Ab A 2550 500 kW A XUHL B ol TR O AL BELA B OR B N B E
PELTET 15 HE A 10 800 kW Y FRE 73 Al A BT MTG . BiZ RS & 21> AA-CAES HL b, 43 il 4%
AT 16 B 526, B4 WS 5 1 IEEE33 19 S 4R M AL .

R 35 5 L 1X 4 4F KUH o AR HE 0 R A B 8 760 h B , R FH k-means 82 5wk 4 HE ) Bl E
G3HT L 43 AR B0 XU O DGR R D R AR Y 4 SR H R TR L 1B AT 3 R R I A B g Ry s
W24, HApZHIME 1R

LS

-
A7 B Bt



20 T R XK FFR

% 48 A

18 19 20 21

| () ’
01 2 3 4 5 6]7 8 9 10 11 12 13 14 15 16|17

27 28 29 30 31 32 @

4 BUS/EWIEEE33 T REBREHIMNE
Fig. 4 Topology diagram of the modified IEEE33 node distribution system

®1 RESBEE

Table 1 System parameter setting
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Table 2 Simulation results of renewable energy consumption in four typical scenarios
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Fig. 5 Comparison of wind power plant outputs in scenario 1 between scheme 1 and scheme 2
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Fig. 6 Comparison of photovoltaic power plant outputs in scenario 1 between scheme 1 and scheme 2
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Fig.7 Operation optimization output results of each distributed resource in the system under scheme 1
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Fig.8 Operation optimization output results of each distributed resource in the system under scheme 2
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Table 3 Comparison of economic performance simulation results of the two schemes

VES SURA/TE PeBERA /T BATINA TG

1 725 852.1 697 430 28 422.1

2 395974.8 348 710 47 264.8
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Table 4 Comparison of operating cost simulation results for the two schemes
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