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Optimization and performance evaluation for liquid air energy storage based on
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Abstract: Liquid air energy storage (LAES) is a promising technology for large-scale energy storage due to its
geographical flexibility and high energy storage density. To further improve the round-trip efficiency and
economic benefits of LAES, a novel integrated system combining liquid natural gas (LNG) cold energy utilization
and organic Rankine cycle (ORC) with LAES is proposed. Thermodynamic and economic analysis methods for
the integrated system are established, and the effects of key parameters on the system’s thermal performance are
investigated based on simulations. An economic analysis of the system is also conducted. The results show that, as
the system’s expansion pressure increases, both efficiency and power output rise, but at a decreasing rate. The
system’s round-trip efficiency increases with more expansion stages up to a point, then decreases. With four-stage
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expansion, the system efficiency reaches 62.26%, which is 7%~12% higher than that of the conventional LAES
system. When the difference between peak and valley electricity prices is 0.848 yuan/(kW h), the net present
value, dynamic payback period, and levelized cost of electricity are 119 058 500 yuan, 4.48 years, and
0.893 yuan/(kW H), respectively. The results of this study can provide a reference for engineering application and

efficiency improvement of LAES systems.
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Fig.1 Schematic diagram of the liquid air energy storage system combining with LNG cold energy utilization and ORC
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Tab.1 Operating parameters of the system

TH HE
LNG # 1% J3/MPa 0.13
LNG H [JE J3/MPa 7.00
LNG kg C -162
25 R4 R 71/MPa 9.00
AR J1/MPa 8.00
RO E/(kg s 10.00
WA 2 AU ) /MPa 0.10
R e A 25 92 S5 IR EC 2
IO AIR I IR C 10
FEGi LA R % 85.0
KWL 2R 1% 85.0
IR IR SRR 1% 75.0
iR [)/h 8
REREITE]/A 8
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Tab.2 Basic parameters for economic calculation

TiH A
BAT A A nfa 25
FILE di% 6
IR MK r1% 2
EERLEE al% 5
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I SCRR[201 98 IEAS ST SEAE R FRIHERA T, 45
WA 3o THRE R R, AW T AR 5 SRR [20]
FIRZER/NT 2%, BTEBEH. K, Ko
L AR ER . T EE .

R 3 FIFCHER[20] R ARSI TIR BV LG IE
Tab.3 Model validation with the simulation data from
literature [20]

XER[20] A Rl
EY- B L o
A H AR WAR %
WA SRR EIK 78.80 79.37 0.72
RGBT R EIK 307.80 309.56 0.57
N
7 i'%’ﬁﬂﬁ)\ 94.88 93.33 1.63
%z’g Ll-lﬁb/MW
LAES PRy R AT
% ﬁ_\gﬁﬁ"” it 4777 47,62 0.30
AR % 60.50 60.58 0.13
RGHIRIFEI% 50.30 51.02 1.43
7k R K 456.60 458.96 0.52
ORC A lkas R K 282.90 282.13 0.27
FEIH DR REIK 291.40 291.15 0.09
e /KW 7.10 7.11 0.16
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Fig.2 Effect of system expansion pressure on round trip
efficiency and power output
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Fig.3 Effect of system expansion pressure on round-trip
efficiency and power output growth rate
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Fig.4 Effect of the number of expansion stages on
round-trip efficiency and waste heat temperature
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Tab.4 Calculation equations for purchase costs of each
equipment components

e S AT A
RGN 57 670W062 J5./KW
i 2N 8 030WOBL Ji/kW
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R INFAZS 837W Ji/kW
IR AR 399W Ji/kW
A ik 2336V ji/md
i ik 9 680V st/md
e i i 3088V si/md
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i 3 526W Ji/kW
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Fig.7 Contributions of equipment components and material
costs in the system
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Tab.5 Electricity price assumptions
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Fig.6 The initial cost of the system with different
expansion levels
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Fig.8 Effects of years of operation on Enpv of each region
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Fig.9 Effect of peak-valley electricity price difference on
dynamic payback period
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Fig.10 The CrLcoe and peak-valley electricity price
difference in different regions

3.4 RGN ZED
IR RGVERE T 2L R . (HAS

FRMZ, RIVERRESE FZTHT, 5%
PEIRFE R 25 C, K8 0.1 MPa. REiFFESSH
B R WE 6. 1% 5 G0 R VU 22 % 45 F1 U
Rk, FEHBRLEE TN 9 MPa, JEIK T 1%
F 8 MPa. f8E|RAIERZEN 62.26%, ORC H
TCRHE A 14.79%.
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Tab.6 Thermodynamic properties of state points of air

¥ BEIC JESMPa WiE/(kgsY) (K kg

Al 25.00 0.10 10.00 0
A2 154.47 0.31 10.00 131.40
A3 35.00 0.30 10.00 9.25
A4 170.24 0.95 10.00 147.07
A5 35.00 0.94 10.00 7.60
A6 170.79 2.92 10.00 145.74
A7 35.00 2.89 10.00 2.73
A8 171.33 9.00 10.00 141.43
A9 35.00 8.91 10.00 -10.27
A0 -124.87 8.82 10.00 -261.19
All  -178.00 8.73 10.00 -384.01
A2 -194.12 0.10 10.00 -393.19
Al3  -194.12 0.10 1.24 -222.25
Al4  -126.90 0.10 1.24 -154.50
Al5 25.00 0.10 1.24 0
Al6  -194.12 0.10 8.76 -417.44
Al7  -189.93 8.00 8.76 -405.50
Al8  -130.76 7.92 8.76 -274.86
Al19 -45.00 7.84 8.76 -103.82
A20 25.00 7.76 8.76 -19.82
A21 143.79 7.68 8.76 113.1
A22 48.05 2.70 8.76 16.90
A23 143.79 2.67 8.76 117.13
A24 48.47 0.90 8.76 21.42
A25 143.79 0.89 8.76 119.27
A26 4532 0.29 8.76 19.68
A27 143.79 0.28 8.76 120.03
A28 54.12 0.10 8.76 29.00
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Fig.11 Heat transfer curves and pinch point temperature
difference for multi-flow heat exchangers

RT FRIBSESHERFEHARI L
Tab.7 Comparison among previous researches on LAES

RBBHR TEA R % Cucoe/(7T (kW h) %)
LAES[?8] 55.00
LAES[?9] 50.00
LAESI30] 56.48 0.85
LAES[9] 54.00~56.00 0.92
LAES-LNG (A0) 62.26 0.69~0.89
4% i

KK LNG %5 LAES M4 &, IERAIAEHL
B H TR ISR S AL AR 578 e, JSL T HT A&
LNG A BEFIH AT ORC M A fRE RS, BERE
SEILLNG A ReR AR, FIR IR T LAES &
GFEIRRCE . AL T RIS IET, W RFEN
HSEATIAL, o RGNS IERERIE .

1) #A LNG A EERIH AT ORC MM A Mk
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e RAIZAKIE SR, RABCEM IR S 38,
GRS TN M RGBT I 6.0 MPa
HF) 6.5 MPaltf, REAEEMAFIGIN 0.92%, &
Sk ThER N 50.62 KW 1M 24 R SE K 1K /7
8.5 MPa 4 /I%] 9.0 MPa I}, REGiALEFCKRIE N
0.48%, %%t D& N 26.01 kW,

2) & LNG W REFI AT ORC B AT At
B R GuAT 1R 30 3 B A I K S G K RN . B 2
R R e, AH R FH 5 ZRK I 2R S8 1 AR A
. A BREREATKE, KA 4 BIZKEN
GEL. 4 WP R 0] LA 2] 62.26%, HATTMEE
SERAHN 532423 Ji TG

3) BTN ITRI, BATHEEEA, RN
ZK, RGUFIUESE; TR SEA S
AR AN AR M Al . ARG HA BRI TR,
UL HLY 25 0.848 JT/(KW W), R 451K Enpy-
Drp LK. Cicoe 4354 11 905.85 iyt 4.48 EAI
0.893 JT/(kW h).

4) AHFRFEH RS LNG A RERIH AT ORC
A 2 S e R BRI R ME TR S H
fh RGAHLLHE A — €. ZRGEMBR T H M
LAES RGRCHRITE T 7%~12%, FHAE Crcoe L
BAH—wm.
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