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Abstract: The innovation breakthrough in energy storage technology has become a crucial driver
for transformative and disruptive changes in the global energy landscape. It is an important
measure to achieve the strategic goals of “carbon peak and carbon neutrality”. In this regard, the
research team on “Advanced Physical Energy Storage Technology” at Xi’an Jiaotong University
has creatively proposed a new type of combined pumped-hydro and compressed air energy storage
system. This technology applies air and water as the intermediate working mediums and conducts
air turbine and hydraulic machinery as the power output equipment to achieve high-efficiency
isothermal compression and expansion of the energy storage medium. Compared to traditional
compressed air energy storage technology, the novel combined pumped-hydro and compressed air
energy storage system features fast response, high efficiency, low investment cost, and so forth.
Throughout the course of more than ten years of research and development, the team has
completed the research on the performance and time-domain characteristics of key equipment and
energy storage systems, achieved a significant breakthrough in key generic technologies of fluid

machinery, and finished the development and application of life cycle assessment software for
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compressed air energy storage system, providing solid theoretical and data support for the large-

scale promotion and application of gas-liquid hybrid compressed air energy storage technology.

Keywords: compressed air energy storage; near-isothermal compression; combined pumped-

hydro and compressed air energy storage system; efficient operation
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Fig. 1 The schematic diagram of pumped hydro combined

with compressed air energy storage system
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Fig. 2 The schematic diagram of constant-pressure pumped

hydro combined with compressed air energy storage

2.2 EZEREHTSMERR

T 405 P00 1 ROF) 2 4 T R 4 & R RE R R
P72 BRI DG B, S R Bk R R A
o I 455 RT3 A5 R R 4 1 B A R R 4 a8 R R
AL R AR G AL T 46 T R G SRR 4
TRE LN T REMRBEMA T RE. W
B3 Frm . i Al o v, 28 R4 R 45 HL 4 F4 T
FE 45 . 77 A 0 4 A H ARS8 4 2% W04 O fR A A
A7, 25 A FE RV 20 B IR S UL B S L i A Ol AR IR
JE46F R G — 2 e, B30 3k B =W s 7
RERE LR R 4 25 U 2 i IARE | 6 BB BRI A A7
1) 3R RE A% 3 25 T 46 25 /<, LA BE i afk A 46 B ik T
RGNS OB 25 SAE R K B b 48 BB ik X 41
W LR E MR L. A RIIEST Y
it SRE R A% SR S0 11 MPa B 3% 2 55 19 % & fiE
R T2.47%

system
= )

P | o1 1 _ i 2
‘ 3 {: Yl p

WA N WA 1)1
r?ﬁ%l et ‘~—_H 62 I &
‘ - fif5
LT I~ HT ‘

'l K l W |
— L =
Fene i F JRARALL JE4iIL2 JEAEAL3

e (1IN

A

HIZHL

e A3

PP s, | [ERR gy || ERES T
» =
JZHKALL K12 WK AL
K 3 EFRESRSAWERGE S ER

Fig. 3 The schematic diagram of near-isothermal compressed air energy storage system

2.3 WAKERFRE=ESEAMERAK

M 107 3o 2R AN G BERER B SRR IR AR 2 — . A
& T 45 2= SR RE B A 1Y Wiy S0 32 88, AT BA B2 Y — b
St K 45 23 R G R REHCRY A IEL 4 TR
ARG T B R B HLILAL Al A5
et IREEHL KR AR TR TIE AR DL R
KU AFBEF . REMHAEIL TR NPT B A —
W B ) AT 24 AR K 2l K 2 A Ll K R 4
ORI N Rt i R S = ) 6 I
RE VR IR 3 e SHLAIL ZE K 2 M 4 2 v SRR 2 S B

http: // zkxb. xjtu. edu. cn

HUBE R TR A BRI AE e . RGO B RE I AR L0 o P
B B 3 — AN BERE B B AR 8 1Y A L BE A O KRR AL
BLAL 25 AR RE B BE i % B B a5 O 25 & LML
. TEH— B B A7 T A XN e R s A
U R AR I A A R K AL
K BEATKEEHL K R HLAE T E T80 T T AR I 334
LR 5 75 50 B B Al 7 AR SR A P Y
e 2 R 25 W IR 55 A R R Y sl R A
JRFEAT i S e v TR 2 OO S R = S AL
Xt St L i HLRE




% 58 &

B4 iR RS2 <

Fig. 4 The schematic diagram of combined pumped-hydro and compressed air energy storage system
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Fig. 5 The schematic diagram of heat and mass transfer

within the liquid piston during charging process
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Fig. 6 The bubble behavior in the water within the liquid piston
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Fig. 7 The energy distribution of key components in the combined

pumped-hydro and compressed air energy storage system
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Fig. 8 Calculation flowchart of exergoeconomic analysis
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Fig. 9 Technology matrix for integrated hybrid life cycle assessment
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