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Performance analysis and optimization of 300 MW adiabatic compressed air
energy storage system
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Abstract: Current researches on advanced adiabatic compressed air energy storage (AA-CAES) systems primarily
focus on optimizing designs and analyzing performance under off-design conditions based on fixed system
structures, with limited attention to system-level optimization involving predefined operational modes. By taking a
300 MW-class asymmetric AA-CAES system featuring four-stage compression and three-stage expansion as the
object, a novel variable-pressure (sliding-pressure) operation strategy is proposed, along with a matching design
between compression and expansion stages. A quasi-dynamic thermodynamic model is developed to analyze and
optimize the full charge-discharge cycle performance under fixed time constraints with sliding-pressure control.
The results show that the optimized sliding-pressure mode improves the system’s round-trip efficiency to 73.32%,
increases the energy density to 3.404 kW Hh/m?3, and reduces the required air storage volume to 440 000 m? (only
one-fourth of that under constant-pressure operation). Exergy losses are mainly concentrated in the compressors
and turbines, accounting for 40.7% and 29.3% respectively. The isentropic efficiency and heat recovery capability
of these components has significant influence on overall performance of the system.
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Fig.1 Flow chart of the adiabatic compressed air energy storage system
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Tab.1 Energy models of the components in the compressed
air energy storage system

e fe AR
4L 1 Weom 1 =Mena * (o2 = No.1) / (leam _ele com_ele * Teom_mech)
JE4iHL 2 Woomz = Mepa * (o5 ~1.4) / Cleom el * oom_ mech)
FE4RHL 3 Wooma = Mt * (g ~N57) / (oo el * oom, mect)
JEGRHL 4 Voo = Mo * (M1 = N.12) / (o ele ™ hom mech)
B 1 Whys = Mg - (Mias = No16) * Zur et T mecn
BT 2 Whyo = My (N1 = Nose) e~ Thr e
T3 Whyis = Mg - (Mis = Do)~ T ete * Tr o
AHE Qeogtrs = M (M2 = Do) = My - (o — i)
A2 Qeooterz = Mea - (s =N = Mgz (M =20
A3 Qeooters = M (Mg = Nog) = Mz - (N = Niac)
B 4 Qeooters = Mep (M1 =y 15) = Mg - (N g0 =Ny
A1 Quecs = M - (g = Do) = Mg - (N0 = Niz)
T2 Qrecz = Mo - (s =Nor) = My - (N30 = Ny2)
A3 Quecs = My - (g = Noyo) = Mgz - (N5, — i)
a4 Qrca = My Mg —Noe) = Mgy (Moo — i)
InFhg 1 Qreater = Mais - (M35 = Nisg) = My - (N = Nyc)
s 2 Qrieserz = Mg - (N7 = Mi6) = Mg (g —Ngs)
s 3 Qreatra = Mais - Moz = Mi1g) = My - (g = Moo
LI Pis =My

P W, AW, A BUREEG NS T, W Qe « Quec -
Qe FFHRFEA IS, FIA IS, A, W; my, Ay, 55
PR BT BB BRI PR 5 ST R, kalss ho T hy 28 BIARE 11
FIN TG, IKGs 17ete T rimecn 2 BIAR A A RCRAMUMALCR: o X
FOKIMRERE, kofs: AL THRREIIT 2 8 RE 7S

BT BRREERNY, R4 ERREIREMT,
BeRed fE s U B R E TR A X
WTurbine _ ZWTurbine,i

= @
2 Wi irbine i 2 Wrirbine,i
R My WA IR B, Kols:
Wi ypine JZ T AT, W Wrubine 35T BT AR,
JIKg.
XTI AR, AR KR RS
M air — _[ mchargedtcharge =_[ mdischargedtdischarge (2)

ik BEFIRERERL AR T, A — TR R
BWTFRARGHAT /b FETAETTHEN, EIEN
2 ST AU BEAR S, ORI AT AT
oy TR -

mdischarge =

dp  dv _dm  dT

p V. m T @)

b p W AERIET), MPa; V N T=EE
BLomé mOgtE s BRI TR, ks T W4

KHEE, Ko
T RGeS A G R RS, iR A IR AR AT
SUND R /NS W~ B

http://rlfd.cbpt.cnki.net

sk TLHE 5§ 300 MW AL IR0 =SB RE R Gk Re o AT SR AL 35
M.
Voo =—"— (4)
Prmax ~ Phin

BEAh, AR RS N AR S A
HHRER D, wl B AT, B ERERGA]
RN RS, SRR IE O R -

i 6 2 G2 Mk 6 10 PEO 98 br 2 B0 il ERIOCR
Ff#BE R L . R RTE FI T Bk RE RGE —
ANPRAT 39T PN R TR fE -5 il A7 AN A1 e R
Z R . HRERCR I RE SON:

[

net

S =T — ()

W, .dt

0 input
XF: mrre NRGIIHEERE:; W, NRG K
T35 Wi N FRGEEN T 5 tenarge 91t BEFT 1] taischarge
R BER ]

RE B % B peve HH T B AE R 40 ZEAG RE AT
JRAE AR FR N A7 I e, AR R ARRUK
&, HoEXuF:
=it

V,

Pevr =

(6)

AH: pevr NEEESE, KW h/md; Vsp T Mt
.
FEANIRES R R
E,=m-¢é =m-[h,—h)—T,-(s; —5,)] (7
ARG E SO
ED,k = Ein,k - Eout,k 8)
A Ep NRGSAEMMIE: E, i
B E, JoSbE H.

2 R RNFE

2.1 HRBIIE

NS UEA FARY (P HERR P, K fifRe SRR I AR
K07 45 R 5 5 BT HE S OCER 30 i
ATXTEL (O3 2081, 2% 3016 i Gl A2 i B e B
SCHER[ASIE At bufkHE, R Re I AR U 5 SCERS 4T
X fEReId AR, ERANLERIIFE. BT, T
NIRRT 1.00%, HA RSN 2 Thie
WZELIN 0.64%, BT A IEANLHE O E SR 2= A
it 0.70%, ERACE R NIREN 0.80 H 4 s FERE
TR, 35 TS R 2 FIRE RS I E 1.00% A 7Y,
FF 3 IIRIRZELN 0.63%, FrA & H LR %
BT 0.600%. BARIRZELIE 1% LA, £HI
BB e 1A S B R G IR T MR




36 kA%

2026 4

F+ 2 RGN 1—4 e R ERERIE
Tab.2 Verification of simulation accuracy in energy storage
process of the compressors 1~4
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Fig.2 Thermodynamic diagram of the adiabatic compressed air energy storage system
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%5 MEERGR LS HEVEEE

Tab.5 Value range of the optimization parameters for the
energy storage system

A3 HUE G
IR/ 9 B4 1 7 /M Pa 1~3
IEZ4EKL 1—3 g C 190~210
B s iR EIC 5~15
B 2—3 HHEEIC 20~50

% 6 on T RS R A EAHT S 1)
KBS RGIEREXT L. 45 BEH, 2 A
AL SEARACTE T RE, HIE R AR TR & DU bR
R R EREUT, SRR 71.90%3%
FE% 73.32%, FAIAFIRER®EH 2.125 kW h/m?
FEE R 3.404 KW h/ms3, $EF+2 60%, [FIH Al 75 il <
SEARFAEH 70 5 m3BEZE 44 Fi m3, Y4 3T%. i3
T 2—3 IR RREE 319 C, FHEITM %K
A FHEEZ R, @ AR AR REE H 70.10% 42 T
£ 72.30%, {HAEE® LM K FZ2 0.863 kW h/m?,
SRR R EBINE 173 73 m3, SR RS H.
i b, WHERBREAENE. ERESHAER
MR TN T 2 s, R&EmMLERERE
5 TRERAE, &A1 NRKB RS R RS
AL IZAT TR o
%6 fiBEE ARG B ERE S EERLE ARSI R UER

Tab.6 Key parameters’ optimization results for sliding-
pressure and constant-pressure discharge modes in the

CAES system
SiH B IERERE TE IR REfE

theanr ks LS K =
FEMEHESEEE/MPa 6.8~88 5.8~88 6.8~88 7.8~8.8
JEZEHL 1—3 H D3R E/C 19500 190.00 19500  190.00
eI as I R ZIC 10.00 5.00 10.00 5.00
B 2—3 H R EIC 36.40 31.90 36.40 29.63
TERERRI% 71.90 73.32 70.10 72.30
A EARBT m? 70 44 72 173
AR /(KW h md) 2.125 3.404 2.070 0.863
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5.8 MPa iZ#i T 5 5] 8.8 MPa; BAEIFE A e IRIEAT
B, AR I 7.8 MPa & 5 2l
8.8 MPa. F|H I~ 07:00 i}, figfeidfEsem, BljE &
Gk T REFRAIRES . H 11:00 B 4 H H g,
BRI IRIEAT. BReid e, =AM
RSB PR E A TIK i, fESE I E T
FHUGW/N, Bl RIS TR, SRR
M 8.8 MPa [#{%%] 5.8 MPa; g Eigfrii T,
FAAEREN S 1 8.8 MPa [&1KF] 7.8 MPa. F| R
- 16:00 B, BEREIIFELE R, R NLEFELT
2, EF|23:00 B RGN F—AFe TR
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Fig.8 Pressure changes during the charging and discharging
process of air storage tanks
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IK%) 74.6%, FEIRTHRGNEREHIFINT, A REC T
WA

3) BB ISR TR, EAEHLFE N
RGN FEREDFEIR, 70 5 S8R 1)40.7%F
29.3%. & BARTE N () S5  J iliese ), 2
BB AL R G RER Sk

4 FORMEEJEHE . P E RN R B
e DRI SR 2 FOE FERRTHE -t DR, A B
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