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Thermodynamic and economic analysis of liquid nitrogen and liquid air hybrid
energy storage system
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Abstract: The intermittency and volatility of renewable energy poses significant challenges to stable operation of
power grids. Energy storage technology can address these issues effectively. Liquid air energy storage technology
offers significant advantages of high energy storage density, being unconstrained by geographical conditions and
atmospheric pressure storage. However, its round-trip efficiency is relatively low. To solve this problem, a liquid
nitrogen and liquid air hybrid energy storage system (N-LAES) is proposed. By charging liquid nitrogen during
energy release process, the gas flow in the expander increases, and gas pressure in front of the expander rises as
well, thus the system’s round-trip efficiency increases. A thermodynamic model is developed, and the analysis
results indicate that, for a typical scale N-LAES, the round-trip efficiency is increased to 66.47% compared with
56.90% for a standalone LAES. The net present value at the 30th year increases to 120 213 500 yuan, compared
with 58 077 400 yuan for a standalone LAES, and the levelized cost of storage decreases to 0.809 4 yuan/(kW h)
from 0.897 2 yuan/(kW h) for a standalone LAES. These findings demonstrate that both the thermodynamic and
economic performance of the N-LAES is superior to that of the standalone LAES, offering a new approach for
development of the liquid air energy storage technology.

Key words: liquid air energy storage; liquid nitrogen; thermodynamic analysis; economic analysis

Y % B Hj: 2024-06-10

£ I B: hESREEENGRARRSIH (09CHDD020)

Supported by: Technological Innovation Project of CGDG (09CHDD020)

F—EEEN: x4z (1990), H, Wit, TR, FERFFITARESTHREAR, livjiyun@cgdg.com.



86 kAL &

2024 4

HAT, & T RGRHES N AR A S
T AR Kt s -2, w] A RE R B TR G
HH BEFEE R, RACKERIEINR T A .
SRIM, P AERE IR LA (B R Bl i, DRI e
W R e s AT he T PREREA. fif e H AR B A
e IR ) B A BOR RS, AT AR Fh
RS RIS RE R AR, BA RS . A
PR ARBR 1A R A A7 IR AL AT, figReRs, 2
JEAENLE I R S S B R R R & A TR
ik, BYWREREGE, WA T RS 6
W, SARFONESE = SARANA R BRRER, S
TREWRTZENERINE R RIT, HABEES
T, W& G PAE R 2 SR RGN IK AL
R HEA0T, i RS A R 45 S SRR A R A TR
WMESS BALHAINERST . ESAEE L
AKHURT )5 mi# T DABR s IR 2% . Wang 55
NBR—H TSRS T e /Rt =
BT A A R RGNS, KRIEE T
WML 7. Park 58 AR AL RIR S (LNG)
PRI RS T AR R A G, NEH TS
AT AR, ISR 5 & 12 MPa, iR
MFRIRTFZE 85.1%. Chen %5 AR LNG A &4
S IFNRESTRUMERE RS, FERT LR
J1HEEE 8 MPa, HIRFRIRTFE 71.0%.

TERART Y, WEAFEALR TR E 0.
X TRASAMERREA, AT LLRIBIE T ) IR
TERRER IS IR G RN B Ao,
RS T AR RAMR RS, FREES) T
Wai. ik, ARSCHREH THA ST E GRS
RERGL (N-LAES), HI. T REMAEERM. &5
PERR ARG TY , b 7 H A Tt brtEfe .

1 RERBHMRSESHEERS

B LA RER ARSI RS, &
2V G IR Uy

1) FE R AR S BB eI A i IBITE] . R4
FEHL. HIBEMEE IR T TT, s 4E = R
JEAEEAE T B R E . SETAMEEER B
TCHRERE WAL, R TS R

2) FEFIHLEIER ], REULH. WETEK
WARLIMEFEREANER B, HAEHRER
FICE . FERIWOR RIS, iR s A A
KB TC AR 22 T, IR s AL R

http://rlfd.cbpt.cnki.net

B 1 RANMREE ST SERFIRIE
Fig.1 The flowchart of liquid nitrogen and liquid air hybrid
energy storage system
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Tab.1 Reference values for equipment cost estimation
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Tab.2 The peak-valley price in Nanjing
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Tab.3 Economic parameters of the system
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Tab.4 Operating parameters of the system
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Fig.5 The levelized cost of energy storage of the N-LAES
and standalone LAES
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Fig.6 Comparison of the net present value of N-LAES with
different discounts on the purchase price of liquid nitrogen
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