#5060 % 5 ho% xR @ K OF F R Vol. 60 No. 5
2026 45 H JOURNAL OF XI”AN JIAOTONG UNIVERSITY May 2026

TRHIRBERSHREERZTSMEERS
LI EE ST 32

RIS, fTRE, BRI IREANT, AR
(. Pl R TR S AR, 710049, V9% 2. P EPb B TREKY BT, 100190, JLm0

WE. R EHEAMERAA-CAES B AL R FA K 8w S RARAM/ES WdFmk, B
MR THERE AL BEREARE SR AT E AT 7 ET E A4 A (SH-CAES) 5 #
F #8647 (HP-CAES) B fv 48 4~ & % A 38 16 A-CAES #9424k 71, A& F 600 P & K/ X A for i 34
FR,EH T 3MW/22.5 MW « h # A-CAES,.SH-CAES.HP-CAES 3 #F 4% it £ %, i@ it #3 3& 3 AP 4%
AN FHEA BT RRFRLBE RS/ IRABE R A TR KR T T 3 A 4h 5k & Rt at,
REREKW, ERBEREEERE LT .SH-CAES £ KR 6 & 4 RFE PR E H RS,
Hye % 98. 7% 8 AE gk | 48 P 4 # (CHTP) 42 9+ 33. 7% ; HP-CAES 248 5% & % 69 1K 45 B3R 3% o
Hy % &, Hy % 133.05% % CHTP 424t 68.05% . LA & 4% AL H M IR AL 30 R TR 2K & K,
SH-CAES 5 HP-CAES % Zostsh #uir th ¥ hn . 2350 547 45 B £ 9] . SH-CAES 5 HP-CAES £ 1% 4
E#EZE T LK ACAES 23 %42 T 20.75% 5 31.08% .4 CHTP A %4 T 43.26% 5
52.28% ., EATR A EIBARSE B2 2R AR R T B RB R AE,
KB EHEAMBERLE; SAAK; AEBE
hESEES. TB61; TB63 XEKREZE: A
DOI: 10.7652/xjtuxb202605003 XEHS . 0253-987X(2026)05-0024-11

Study on the Heating Capacity of Air-Supplemented Heating and
Heat Pump-Coupled Compressed Air Energy Storage Systems

LI Baoqi', HE Yang', CHEN Haisheng®, XU Yujie*, DENG Jiangiang'
(1. School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an 710049, China;

2. Institute of Engineering Thermophysics. Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In adiabatic compressed air energy storage (A-CAES) systems, the strong coupling of
cold, heat, and electricity during operation leads to trade-offs in their outputs, and the heating
capacity is insufficient compared to the power supply capacity. To address high-heating-demand
scenarios, two coupled systems—air-supplemented heating (SH-CAES) and heat pump-coupled
(HP-CAES) —are proposed to enhance the heating capacity of A-CAES. Based on the power and
heating demands of a residential community of 600 households, three energy storage systems—A-CAES,
SH-CAES, and HP-CAES—with a capacity of 3 MW/22.5 MW ¢« h were designed. By constructing
thermodynamic models for the three systems, their performances under different ambient temperatures,

compressor/ expander stages, and preheated water flow rates were analyzed and compared. The results
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show that while meeting power supply requirements, SH-CAES achieves the highest heating

efficiency (Hg) of 98.7% in relatively low-temperature, high-latitude environments, representing a

33. 7% improvement over conventional combined heat and power plants (CHTP).

HP-CAES

achieves the highest Hg of 133.05% in relatively high-temperature, low-latitude environments,

representing a 68. 05% improvement over CHTP. As the number of compressor stages, expander

stages, and preheated water flow rate decrease, the external heat output of both SH-CAES and

HP-CAES systems increases. Economic analysis results indicate that in low-latitude regions, the
static payback periods for SH-CAES and HP-CAES are shortened by 20.75% and 31.08%,
respectively, compared to A-CAES, and by 43.26% and 52. 28 %, respectively, compared to CHTP.

This study provides new technical pathways and theoretical references for achieving low-carbon,

efficient, and economical regional heating.

Keywords: compressed air energy storage; air preheating; heating efficiency; heat pump coupling
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