5540 B2 12 e fit 3l Vi T T Vol. 40, No. 12
2025 415 12 H JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Dec. ,2025

SCESS 1001 —2060(2025) 12 -0109 - 10

ETHEB AA-CAESHI CCHP 2 h=xh5
BT

FRE EMRAED A T xS 2R
(1. bEE T R¥ E S50 TSR, i 200093, 2. & B4 # % &40 5% K, L% 100029
3. B KW MR R ORI HT el (BRI R B U R 5 % AT, AT 1000294
A ERTHEEEELREALRE(CHEMREZLE 4 4), LK 100029)

H E A THRAREBATARETA T A A3t 4 #UE % 5 S48 (AA-CAES) 49 4 # &, 8% 7 (CCHP) A %ttt 5
ZFR YA, FREAGHRAIAZ METRAAFEZF PR T 54T EGHIUE LB & K 5P UK
Yo B Fe i 3 R BN RN B B Lk 2 4 A XRBEASGR AT TR, SREAN . EERGHERE F-F
MUK PLER R A 38 4 5B RN B AL B B Lok 2 4 20 K $93% 3t &4 F, A4 T £ I 47. 12% 8948 s sk & |
A ASAEES A 166.3 $/(MW-h) = 47. 2% ; B4 HUE ML i 8, R 2 £ & K Fo A1) 18 B3 v 8K, ™ %
Rk b 8, R 3G st R G Ak e A R oA R W N @Y B E R DR B B R B B £ T R AT S 4%

HeAR 5 A
X BRI IR RS AUHRE TR RE AT s TR R 3T s BURE A A
i E 53K S . TKO2 XRKFRIAAD A DOI:10. 16146/j. cnki. mdlge. 2025. 12. 010

[SIARTER] 2 R4F, BHA, ik, % 2T R AA-CAES (1§ CCHP REMII¥ 5AV AT )], 688 J1 T/ 2005,
40(12) :109 - 118. LI Haoxuan,DA Yaodong,XU Hongtao, et al. Thermodynamic and economic analysis of a CCHP system based on micro
AA-CAES[]J]. Journal of Engineering for Thermal Energy and Power,2025,40(12) :109 - 118.

Thermodynamic and Economic Analysis of a CCHP System
based on Micro AA-CAES

LI Haoxuan', DA Yaodong’, XU Hongtao', WANG Haopeng' , LIU Xuemin>® , WANG Zhenchuan®*

(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China, Post Code: 200093 ;
2. China Special Equipment Inspection and Research Institute, Beijing, China, Post Code: 100029 ; 3. Technology Innovation Center
of Clean, Low-Carbon, and High-Efficiency Combustion and Safety Evaluation of Boilers, State Administration for Market Regulation,

Beijing, China, Post Code: 100029 ; 4. National Key Laboratory of Special Equipment Safety and Energy Conservation,
State Administration for Market Regulation, Beijing, China, Post Code: 100029)

Abstract; Aiming to investigate the influence of key operating parameters on the performance and eco-
nomics of a combined cooling, heating and power ( CCHP) system based on micro-scale advanced adia-
batic compressed air energy storage ( AA-CAES) , in order to identify pathways for system optimization,
thermodynamic and economic models were established, and a sensitivity analysis was conducted on four
key parameters including the compressor pressure ratio decreasing coefficient, the turbine expansion ratio

decreasing and increasing coefficients, and the end difference of the heat exchanger during the dischar-
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ging phase. The results show that under the design conditions of uniformly distributed compressor pressure

ratios and turbine expansion ratios, along with a upper end difference of 20 K in the discharging-phase

heat exchanger, the system achieves an energy storage efficiency of 47.12% , with a cost of electricity
(COE) of 166.3 $/(MW-h) and a profit margin of 47.2% . The compressor pressure ratio decreasing

coefficient has a minor impact on electricity cost and profitability, whereas an increase in the expansion

ratio decreasing coefficient significantly reduces both system efficiency and profit margin. Reducing the

upper end difference during the discharging phase simultaneously improves energy storage efficiency and

profitability.
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on power generation cost and annual profit margin

HI1El 9 W0, B 5 R fig B B A i I o 22 A
20 KJs/NRE 5 K, KA T [, Rl R T &, R
1M, LS 2= 08/ N, 2 [B) P A A i i S ik
SR T AR R 1 AR T R T I v 2
B, BERE B Brdte pis | & FLATL LA B MRS e ) 4 45 14D
ARz Pt BT RSk B E RN S 85U B
BAKEAR, Mffethds w22k 8] 5 K i), REkH
A /N BRI 3 R, 53 5 R 164.5 $/(MW +h)
547.78% . Pk, FE B Had > b sl sk A8 T
Ui 22 AT LA R RE AR S5 Rl %

4 & &

AR T —FhEEA CAES 5 WXl v4 25
) CCHP R4, WF9¢ T 4 AL L vl R 55 W K L
U B4 R B R R B B A A I it 25 X R G AR
NS RTAN R, BRI .

(1) 7R, % CCHP RS MIAERERCR
R AT 12% R LB A N 166.3 $/(MW-h) , R
GLRNEAR N 47.2%

(2) FRLCIBIN R AL o 3T R GEAE RERR LI
GNEE:S A R Y NS N L 2 Y el 5 |
10 I, fiff BE 280 & 0 A1 1 22 43 51 K B 0. 44% N
0.08% .

(3) HIZAK LB IR L B N 0 BN = 10 1), &
GRERE RN 47, 15% TR 2 46. 72% , F) R\
47.21% FFERE 44.79% , 45 R R0, 12 K Eb sk o 3R
AP E Nl Th Al R T

(4) $EmREZIK L ih g R Ay — 7 T2 FEARAE RE
BOR AR — s mANE R R, E Rt
ZRE T IEAARERCR AR 2 FAE I K L1 328 1

(5) W/INEERE
RERCR S RIEAR, et Fum2sh 5 K I, RS
it BE 250CR FFE 258 B B K, 43 51 2 48. 82% FiI
47.78% .

B B P L g 22 2 [ i) 55

SE Lk

(1] ZRME, E7 8 S0, 5. 268l B i 2URe IR R S 4
o LriR KRB )], hE R TR, 2023,43 (18)
7127 - 7150.
LI Chengzhou, WANG Ningling, DOU Xiaoxiao, et al. Review and

prospect on the system integration of distributed energy system with



12

A BT S BTN AA-CAES (1Y CCHP REEM 12 525 br

- 117 -

[10]

the complementation of multiple energy sources[ J]. Proceedings of
the CSEE,2023 ,43(18) ;7127 - 7150.

MOHEBBI M,SONG D. Study on the strategies and techniques for
achieving urban carbon peaking and neutralization using random
matrix analysis[ J]. Energy and Built Environment,2024.

WU D,WEI W,BAI ], et al. Energy and exergy efficiency analysis
of advanced adiabatic compressed air energy storage based trigener-
ation energy hub[ J]. CSEE Journal of Power and Energy Systems,
2023,9(6) :2409 —2422.

TR RS ok A TR AU RE R SRR AT S5 A ]
WrFTIER[J]. AEH I TR, 2024,39(10) .10 - 19.

FENG Huimin, SHENG Jian, ZHANG Hua. Research progress on
the thermal energy storage and utilization of compressed air energy
storage system[ J]. Journal of Engineering for Thermal Energy and
Power,2024,39(10) :10 - 19.

TRAEPR AL, 2 0] Je. it RE PR E v Bl = E R g iy
DR BURS R HI[1]. BARES) Iy T2 ,2021,36(12) ;157 - 163.

ZHANG Dehuai, JIANG Runhua, LUO Xianglong. Research status
and application of energy storage technology in CCHP system[ J].
Journal of Engineering for Thermal Energy and Power, 2021,
36(12) ;157 - 163.

FHEME B UL, 45 B S R PR A S SR RE R S
IR PEREIIAT[T]. B0 TR, 2025,

WANG Haopeng, DA Yaodong, XU Hongtao, et al. Thermodynamic
performance analysis of a miniature advanced adiabatic compressed

air energy storage system|[ J ]. Journal of Chinese Society of Power

Engineering,2025.
RO, W 2R TF R AA-CAES 5 PTC 4 U 45

BRERGEITRAA SR T[], 30 ) TR, 2024,
44(1).138 —147,156.
WU Di,LIU Ao, GONG Dixin, et al. Optimization and performance
analysis of integrated energy systems considering AA-CAES and
PTC integration[ J]. Journal of Chinese Society of Power Engineer-
ing,2024 ,44(1) ;138 - 147,156.
KRB X SR IRIEE, SF. U e PR A S SR RS
FEBLSPERENTT]. 1 2H,2024,53(9) 239 - 47.
ZHANG Mengjie, LIU Qiang, ZHANG Tonghe, et al. Thermody-
namic modeling and performance analysis for micro adiabatic com-
pressed air energy storage system[ ] ]. Thermal Power Generation,
2024,53(9) :39 - 47.
BRI o o 4 a5 SRR R g8 O M Ak R Ak st
[D]. FIAT: RFIR?:,2021.
HUANG Enhe. Thermodynamic performance and optimal design of
adiabatic compressed air energy storage systems [ D ]. Nanjing:
Southeast University,2021.

ek, IR S RS S SRR R BRI

PEAES 2 BEPE ST T]. #1401 ,2024,53(2) 227 - 36.

WU Jinlong, LI Jun,XING Taigao, et al. Thermodynamic and eco-

[11]

[12]

[13]

[14]

[15]

[16]

nomic analysis of adiabatic compressed air energy storage system
[ J]. Thermal Power Generation,2024,53(2) :27 - 36.

B E B AR R S U RR R S BT[]
A TR 2024 ,45(S2) 1317 - 321.

ZHAO Jun, WANG Kun. Study on parameters of compressed air
energy storage system with heat storage[ J]. Journal of Ordnance
Equipment Engineering,2024,45(S2) :317 -321.

B8, T AR, 5. 5 18 2 PR R b i 5 S ik
YRS TURE R A B E T ()], MR 2024,
48(10) :4195 —4208.

CUI Yang, YU Yifan, FU Xiaobiao, et al. A capacity allocation
method of advanced adiabatic compressed air energy storage sys-
tems considering the synergistic complementarity of multiple heat
sources [ J ]. Power System Technology, 2024, 48 ( 10 ).
4195 -4208.

DIB G,HABERSCHILL P,RULLIERE R, et al. Modelling small-
scale trigenerative advanced adiabatic compressed air energy stor-
age for building application[ J]. Energy,2021,237:121569.

XU Yonghong,ZHANG Hongguang, YANG Fubin, et al. Perform-
ance analysis of combined cooling power based on small-scale
compressed air energy storage system[ J]. Journal of Energy Stor-
age,2021,44(1) :103382.

2=, WP, P A WFR AA- CAES + CSP REMAZGT
PEWFFE[)]. KIHARZ4R ,2022,43 (11) 1424 —432.

LI Peng, HU Qingya, HAN Zhonghe. Thermo-economic research
on two AA- CAES + CSP systems| J]. Acta Energiae Solaris Sini-
ca,2022,43(11) :424 —432.

LI Peng,HU Qingya, LI Guoneng,et al. Research on thermo-eco-
nomic characteristics of a combined cooling, heating and power
system based on advanced adiabatic compressed air energy storage
[J]. Journal of Energy Storage 2022 ,47 :103590.

2 OMS, MR, A% RRIZTHRT AA-CAES R4
PERESMT RARALL ). 3007 TAE2AHE,2022,42(9) :843 - 851.
LI Peng, LI Guoneng, SU Hang, et al. Performance analysis and
optimization of AA- CAES + CSP system under different operation
schemes[ J]. Journal of Chinese Society of Power Enginee-ring,
2022,42(9) ;843 —851.

DING Y, OLUMAYEGUN O, CHAI Y, et al. Simulation, energy
and exergy analysis of compressed air energy storage integrated
with organic Rankine cycle and single effect absorption refrigera-
tion for trigeneration application[ J]. Fuel ,2022,317:123291.
BT R HIIK, S ETR S 2 S AE T 1 R AL
AR = R G 0T ()], P E M, 2024,57 (1)
209 -218.

LIANG Jian, WANG Meng, YANG Yaxin, et al. Thermodynamic
analysis of CCHP with compressed air energy storage and en-
hanced geothermal technology[ J]. Electric Power,2024,57(1) .
209 -218.



- 118 - 7

Aty

8 o T

2025 4

[20]

[21]

[23]

[24]

[26]

[28]

A, E O, WIESR, 5F. AA- CAES + CSP R MERE B ok
SB[ ). KRR, 2021 ,42(2) :322 - 329.

HAN Zhonghe , WANG Shan,HU Zhiqiang, et al. Analysis on per-
formance and key parameters of AA-CAES + CSP system[ ] ]. Ac-
ta Energiae Solaris Sinica,2021,42(2) ;322 -329.

WEISM ,JIEJW FANG T ,et al. Design and engineering im-
plementation of non-supplementary fired compressed air energy
storage system: TICC — 500 [ J]. Science China ( Technological
Sciences) ,2015,58(4) :600 -611.

LI Peng, LI Guoneng, LIU Jianyang, et al. Performance compari-
son and multi-objective optimization of improved and traditional
compressed air energy storage systems integrated with solar collec-
tors[ J]. Journal of Energy Storage,2023,58:106149.

WU Chenxi, HONG Hanxiao, TSENG Chungli, et al. Economic
dispatch of CAES in an integrated energy system with cooling,
heating, and electricity supplies[ J]. Energy Conversion and Eco-
nomics,2023 ,4(1) :61 -72.

FHBE S . Sk ot B 245 25 SR B 2R G009 85 25 A 0 AT S 22 B 1
P D]. Bred IR K= ,2023.

TIAN Yingnan. Advanced exergetic analysis and economic evalua-
tion of advanced adiabatic compressed air energy storage system
[D]. Jinan;Shandong University ,2023.

BORZ, TRAEVR, B e, 4. 2 T T 45 23 AR RE BT 2L Ve 4
HUBCOE R GEPE AR 52 [ 1], BB S T TAR, 2024, 39 (4) -
86 -95.

HUANG Zhaoyun, ZHANG Dehuai, LUO Xianglong, et al. Re-
search on the performance of a novel combined cooling, heating,
and power system based on compressed air energy storage system
[J]. Journal of Engineering for Thermal Energy and Power,2024 ,
39(4):86 -95.

3COFE X MR N, G AR RESAR A A i U BE e A
SERTLT]. IR L ,2021,50(8) 124 —29.

WEN Jun,LIU Nan,PEI Jie, et al. Life cycle cost analysis for en-
ergy storage technology [ J]. Thermal Power Generation, 2021,
50(8):24 -29.

SHADI B M,MAHDIEH A ,SOLTANI M, et al. Transient thermo-
dynamic modeling and economic analysis of an adiabatic com-
pressed air energy storage ( A-CAES) based on cascade packed
bed thermal energy storage with encapsulated phase change mate-
rials [ J ].
243.114379.
E % 53 T I K 400 T FERIL A L P 4 A 405 28 SR R R 5
PEREBTFE[ D] . B R R K2 ,2024.

LYU Haonan. Study on performance of isobaric adiabatic com-

Energy Conversion and Management, 2021,

pressed air energy storage system based on dual-usage compres-

[29]

[30]

[31]

[32]

[33]

sor-expander[ D ]. Nanjing : Southeast University,2024.

I R TR A SRR v v AR R R 5
PEREZM AT [ D). 35 Ak AR b )R 22,2024,

WANG Sicheng. Performance analysis of combined cooling, heat-
ing and power supply system based on compressed air energy stor-
age and absorption refrigeration [ D ]. Jilin: Northeast Electric
Power University ,2024.

TR RIEMMER G 2 LA RERER LT RARE
12 F 053 F T il AR T Rl P R A R B i A A 3
F3E 45 [ EB/OL] . WAL 7 A R B 22 b1 2> AL T 7
YIgEAtA% Ry ML T RE R SR ) , 2024 — 12 - 16. https: // fgw.
huaibei. gov. cn/fgdt/tzgg/57832007. html.

Anhui Provincial Development and Reform Commission. An-
nouncement of the Anhui Provincial Development and Reform
Commission on the release of the electricity price table and agency
electricity purchase price table for power grid enterprises on be-
half of industrial and commercial users in december in our prov-
ince[ EB/OL ]. Huaibei Development and Reform Commission
(Huaibei Municipal Bureau of Grain and Material Reserve , Huai-
bei Municipal Energy Bureau),2024 — 12 - 16. https: // fgw.
huaibei. gov. en/fgdi/tzgg/57832007. html.

U REUN. 6 T I AR T i RPN A A 5% 1R R )
BHI[EB/OL]. (2019 =11 - 08) [2024 — 12 — 18 ]. https: //
www. beijing. gov. cn/zhengce/zhengcefagui/201911/120191108
484524 himl.

People’s Government of Beijing. Notice on adjusting the heating
prices for non-residential users in Beijing[ EB/OL]. (2019 - 11 -
08)[2024 — 12 — 18 ]. https: // www. beijing. gov. cn/zhengce/
zhengcefagui/201911/120191108_484524. html.

DRURY E,DENHOLM P L, MARGOLIS R M. Impact of different
economic performance metrics on the perceived value of solar
photovoltaics[ R ]. Golden, Colorado: National Renewable Enegy
Laboratory ,2011.

BRI R A Z , R T B R M SRR
P TRl 3 B A B SR A 332 [ EB/OL]. (2024 - 04 -26)
[2025 - 05 - 23 ]. htps: // fgw. xlgl. gov. cn/fgw/ywez/jest/
2cfg/2024042615402690396/ index. html.

Xilingol League Development and Reform Commission. Policy in-
terpretation on the improvement of time-of-use electricity pricing
for industrial and commercial users in mengxi and mengdong pow-
er grids[ EB/OL]. (2024 —04 —26) [2025 - 05 —23 ]. https: //
fgw. xlgl. gov. en/fgw/ywgz/jgst/ zclg/2024042615402690396/
index. html.

(X B %A



