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Abstract: In order to increase circulation efficiency and utilization rate of the compressed
heat of the liquid air energy storage (B-LAES) system and make wise use of the cold energy
of the liquid natural gas, this study suggests a LAES system that can achieve the combined
cooling, heating, and power supply by coupling the liquid natural gas and the organic Rankine
cycle system. The system is examined from the utilization rate of the compressed heat in the
heat transfer oil, the circulation efficiency, the electricity recurrence conversion efficiency, and
the exergy efficiency. Through the thoughtful and thorough use of compression heat in the
heat transfer oil, the utilization rate of the compression heat is as high as 96.67%, which is
almost 55% greater than that of the B-LAES system. Using the cold energy of liquid natural
gas through coupling, the circulation efficiency of the system can reach 93.20%, which is
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roughly 16.9% greater than that of the B-LAES system. Using the organic Rankine cycle system,

the electrical conversion efficiency of the system can reach 81.34%, which is almost 42.2%

greater than that of the B-LAES system.

Keywords: liquefied air energy storage; organic Rankine cycle; supplies of cooling, heating
and electrical powers; cycle efficiency; compression heat utilization
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Fig. 3 Influence on liquefaction efficiency from the FRAEHL. WARHLAAAE 1% 88
pressure and the temperature before air liquefaction A2 TAERCE % 70
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Table 3 B-LAES air node parameters
' WREIK & J1/kPa JR b i/ (kg/s) 5 WK EATLGEY J it/ (kgls)
Al 298.15 101.32 30.00 A18 380.03 2357.49 16.81
A2 42363 303.97 30.00 A19 280.97 707.25 16.81
A3 299.77 300.97 30.00 A20 379.08 700.25 16.81
A4 426.02 902.92 30.00 A21 280.94 210.07 16.81
A5 299.88 893.92 30.00 A22 377.93 207.07 16.81
A6 426.55 2681.77 30.00 A23 280.30 62.12 16.81
A7 300.16 2655.77 30.00 A25 80.06 101.32 13.19
A8 427.62 7967.32 30.00 A26 82.95 101.32 43.44
A9 301.06 7888.32 30.00 A27 82.95 121.32 43.44
A10 123.15 7810.32 30.00 A28 298.15 101.32 43.44
All 80.06 101.32 30.00 A30 303.15 152.00 30.25
A12 80.06 101.32 16.81 A31 84.19 101.32 30.25
A13 80.06 101.32 16.81 H1 298.15 101.32 118.56
Al4 84.04 8105.98 16.81 H2 315.99 101.32 118.56
Al5 300.30 8024.98 16.81 o1 298.15 101.32 120.00
Al6 380.32 7944.98 16.81 o11 380.32 149.82 120.00
A17 279.48 2383.49 16.81 022 348.15 114.82 120.00
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Table 4 Performance parameters of pumps,
compressors, expanders and fans

P ThEIKW B A IkW
AC1 3772.09 AT1 1625.02
AC2 3792.23 AT2 1634.83
AC3 3794.00 AT3 1636.09
AC4 3806.48 AT4 1632.92
OP1 7.03 LAP 194.17

OP2 9.03 AP 285.52

Fan 1019 — —
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HLAL(AT1. AT2. AT3. AT4)\ R B IfE LI HN
6528.86 KW; [zt & HLI R R FLEEh 6325.66 KW
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Table5 ORC-LNG-LAES-CCHP system design

parameters
24 il
23S T T A (Kgs) 30
2SR AEHLALI H 1 Fy/kPa 7967
LNG it [ /e C -162
LNG # )% Jj/kPa 101.325
LNG #F i &/ (kg/s) 8.20
WA M OE J1/kPa 8106
RYMZIALE T E F3/kPa 62
S H4 T-66 32 11 i 5/ (kg/s) 120
S T-66 31 1 % /°C 25
JEAHL MK BLA R 1% 88
TS IR UE R % 70
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Table 6 Parameters of air, water and heat transfer oil in ORC-LNG-LAES-CCHP system

G TREEIK & J1lkPa JR B A (Kgls) Gy MK JE 1/kPa R (Kg/s)
Al 298.15 101.32 30.00 A19 277.86 707.25 16.81
A2 423.63 303.97 30.00 A20 373.11 700.25 16.81
A3 299.78 300.97 30.00 A21 276.42 210.07 16.81
A4 426.03 902.92 30.00 A22 370.75 207.07 16.81
A5 299.89 893.92 30.00 A23 274.87 62.12 16.81
A6 426.56 2681.77 30.00 A24 274.87 62.12 16.81
A7 300.17 2655.77 30.00 A25 80.06 101.32 13.19
A8 427.63 7967.32 30.00 A26 298.15 101.32 13.19
A9 301.07 7888.32 30.00 o1 298.15 101.32 120

A10 123.15 7810.32 30.00 o1 380.33 149.82 120
All 80.06 101.32 30.00 025 303.09 116.32 55.56

Al12 80.06 101.32 16.81 026 299.74 148.32 55.56

A13 80.05 101.32 16.81 027 298.15 149.82 8.89

Al4 85.46 8105.98 16.81 ORC1 304.95 10.13 52.78

Al5 274.15 8024.98 16.81 ORC2 298.15 101.32 52.78

Al6 380.36 7944.98 16.81 ORC3 298.62 102.32 52.78

A17 279.52 2383.49 16.81 ORC4 370.97 101.32 52.78

A18 375.95 2357.49 16.81 LNG4 298.15 101.32 8.20
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Table 7 Performance parameters of compressor,
expander and pump

B BIESI B IESQ
AC1 3772.09 AT1 1625.24
AC2 3792.34 AT2 1616.43
AC3 3794.11 AT3 1609.77
AC4 3806.60 AT4 1601.47
OP1 8.54 ORCT 6421.44
OoP2 4.18 LP 235.78
PP 369.98 LNGP 1.96
ORCP 43.13 — =
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