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Table 1 Specification of system symbols

{5 44 FRistin]
LAES liquid air energy storage system WA SRS
LAES-S solar aided liquid air energy storage system KIHREE AR SS UERE RS
LAES-S-0 solar and dual ORC aided liquid air energy storage system KIHRES AHXA WL B AR RS S SRR S
ORC organic rankine cycle HHLW BTG
FRF 24 BRI
WAL HAS
AC(air compressor) S EAEVL CP(cryogenic pump ) IR
OE(ORC exchanger) ORC 7&Kk 2% EVA (evaporator) KK
HS(heating supply exchanger) R IZR OHE (thermal oil heat exchanger) # Az
CE(cooler exchanger) B CST(cold salt tank) KIHRERE B A
TV (throttle valve) I SCF (solar collection field) KIHBEU LSS
SEP(separator) DB HST(hot salt tank) K FHRERE fifi HARE
LAST(liquid air energy storage) JR<HE AT (air turbine) EE AL
COL(condenser cooler) Bl OT(ORC turbine) ORC JZAKHL
MT (methanol tank) FH i fi e PT(propane tank) TIkEfit
REG(Regenerator) Wy OP(ORC pump) ORC &
HOT (hot oil tank) P COT(cot oil tank) T
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J£71°4 0.101 MPa;

Qi R G R I SRl K P RBAE I, &
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Wac=m- [(hA2_hAl )+ (hAS_hA4) + (hAS_hM) + (hAll_hAIO)]
(1)
KW HEEHLEY S DIFE kW ym h 2SIl
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TR AL B TR AL SRR I R R P v 25 R
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TZAKHIL A i 11 D3
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W oo I BZIRAL i DR kW 5 Ry (i=24,25,
26,27,28,29) J [ 1(b) o X B 25 S B
kJ/kg,
224 Hhikds
RGP A AL HE R AR HL R RS A 8% 1%
#i(CE1,CE2) 2RI R B g 2 ke W2 ik
i, BRI P T Rl
me* (hv,nut_hv,in):mh' (hh,in_hh,nut) (4)
A R A he o 73 50 R ARG VR RS, KD kg
P P Py 53930 19 0 AR PR AEL, KD kg 3 m, I
my, AFFRAR IR AR A ks
225 %
RIFE Ny
We=m-Y - (hAz()_hAl()) (5)
KA We HAREPHAERI DA kW hy(=19,20)
P 1(b) Aot iz e 25 SRS L, K kg
22.6 KFEHRESEIA
KBHRESEFAAR R P Al e s, AR
A BE AT RN
Qsﬂlar:mn. (hsn—hsm) (6)
A Qe NEIARG K IHEE , kW 3 m, R T HH
Dowtherm—A B9 5t &5 i &, kg/s; hg (i=10,11) N K]
1(b) v i AR B BE R S 1, k) kg
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B ke B A ks e, en A A

x4
{8, k)/kg;en,en HPIBERIHE, kg, e P i
24 AAENE R4 1S MPa 16
LAES-S-0 RGuERI AT S0k 2R 2 & AL LR 3
B KTSCHRRIAE, % 2 BN N4 _ nK 648.15
P AR ARG 5 SRS T 1 LAES R G HEA RS A I e
FISCHR[14] 71 ORC RGBT LB, 25 . VN .
MR 3 JroR, A R 255/ T 5% , BRI AT IR " TR EK 29815
A SCHET I RGBT RERY T 44 F1HE F1/MPa 0.101 325
F2 EEGUFATIR & ‘ IR 075
Table 2 Model validation prerequisites fikiti H 1JE F1/MPa 77
£ ZH HifE 1 2L P EE 1 R EE /K 198.15
2R ma kg™ 180 2 BN PR 0 1R /K 88.15
WAL T] Py /MPa 9.0 HOT JELJEE/K 673.15
LAES AR Tis/K 79.5 AMRER AR COT JELFE/K 303.15
JEARHLLE PR 0.89 # T /1/MPa 2.0
TR e 0.9 ORCI fii3f YR 0.7
TR i i monei kg s 86.76 / % 41/MPa 36
ORCI PERRAILL PR o 0.9 ORC2 fii3f Y% 0.7
TRYIRBER nom 0.85
FEHH T JE S Po/MPa 1.65 XX SEHA TR, TR RER
TR moa/kges™ 220.8 PERELE AN 5 TR,
ORC2 e " o %5 RGHRE
Em’ o i Table 5 Performance of the system
HH R Pus/MPa 3.6

®3 REBIER

Table 3 Model validation results

SCRK I iRE

AR H B 4 %

A% 60.50 6144 1.53
LAES R IR0 KW 4777 4815  0.79
ZEERAHLEFEIR/I0° kW 94.88  94.06  0.86

K BHAEFGE/10° kW 52.30 53.49
MR F T %/10° kW 0.29 0.29

(JE4EA3H) ORC1/10° kW 1.29

(EgRAR) FUK/K 364.15
(CKPFHBEARIA)ORC2/10° kW 6.69

FeH S FHAETIR/10° kW 18.71 17.41
TR R TR 10° kW 19.65 20.48
FERBCRI% 105.05 117.63
ik &Il 36.62 38.97
AE R % 27.67 28.88

AHRRCR % 5034 51.19 166
TEIEAHLH TR /C 98.38 9844 0.06
ORC1
HI10° kW 379 378 026
ORC2 TEIEAHLH TR /C 84.06 84.12 0.07
HI10° kW 11.6 11.59 0.08
3 REHRIFERE
3.1 BA T

BARGHFABI TSRNG4 Fs.,
R4 REEFRTSY

Table 4 Basic design parameters of the system

REHIT S B E
HR PR kg s 30
785 IER /K 298.15
45 J1/MPa 0.101 325
L R LS 4

FEGi A —3R oy FIH T R 88 ORC1 & HL ,
i TIR R 1296 kW, 55— 5045 P SR LS 1
JE4528 S i 1) 364.15 K #Uk s KBHBEAHAFI T
F R4 ORC2 A7k, Hi Il 6 695 kW
ARG R R R AT IK 117.63% , JHZCR A
38.97%, FEEARN 28.88%, 55X RE ML, 1T
R NECR N HE 2= SR 4 T 12.58%
2.35%,1.21%,

& 2 A R G I R RN HE S R ) TR A
(T-S)H,
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Fig.2 Temperature—entropy diagrams of the system
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Table 6 Variation interval of parameters

24 Bl
WAk % F1/MPa 15~18
WAL IR /K 93.15~113.15
HESJEF1/MPa 5.3~7.7

321 WET

(&l 3 Shy2s SRR BV A0 ) R A T 1Y
A2

H 3 AT, Mt A 15 MPa b F+-5
18 MPa, ALIRJE M 93.15 K F T+ 113.15 K B,
AR B AC T T T = sk, BER AL
FE ARSI Kt Bk i 0 ) S 22 S PR 2
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Fig.4 Effect of liquefaction pressure on exhaust pressure
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Fig.5 Effect of liquefaction pressure on power and efficiency
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Fig.6 Effect of liquefaction temperature on power

and efficiency
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Fig.7 Effect of exhaust pressure on power and efficiency
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Performance analysis on liquid air energy storage system based on
solar energy and dual Organic Rankine Cycle

Shi Kerui, Mo Chunlan, Dang Yurong, Fang Yingcong, Zhang Ziyang, Li Zuoshun
(School of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Abstract: In order to solve the problem of incomplete utilization of waste heat in traditional solar
thermal storage liquid air energy storage systems (LAES-S) and further improve the round-trip
efficiency of the system, a liquid air energy storage system (LAES-S-0) coupled with solar thermal
storage and a dual Organic Rankine Cycle on the basis of the LAES-S system is developed. The
thermodynamic model of the coupled system is established, and the influence of key parameters on
system performance is analyzed. The results show that the net output power of subsystems ORC1
and ORC2 is 1 296 kW and 6 695.83 kW under typical operating conditions; the round —trip
efficiency of the new system can reach 117.63%; the exergy efficiency is 38.97%; and the energy
efficiency is 28.88% , which are 12.58%, 2.35%, and 1.21% higher than those of the reference
system, respectively. In addition, the system provides domestic hot water at a temperature of 364.15
K to the users, achieving cogeneration efficacy. Sensitivity analysis of key parameters shows that
when the liquefaction pressure (compressor outlet pressure) increases from 15 MPa to 18 MPa and
the liquefaction temperature (throttle inlet air temperature) rises from 93.15 K to 113.15 K, the air
liquefaction rate, round —trip efficiency, and exergy efficiency decrease with the increase of
liquefaction pressure, and the increase of liquefaction pressure and temperature is not conducive to
the system performance; however, when the exhaust pressure increases from 53 MPa to 7.7 MPa,
the round —trip efficiency and the exergy efficiency increases. The research results can provide
some theoretical support for the liquid—air—coupled solar system.

Keywords: solar energy; liquid air energy storage; Organic Rankine Cycle; waste heat

utilization; sensitivity analysis
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