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Abstract: [Introduction] The demand for energy storage of new power systems (dominated by renewable energy) is increasing. Liquid
air energy storage is a new method of physical energy storage with large capacity for long time storage, which has a broad application
prospect. the purpose is to explore the thermodynamic principle of liquid air energy storage system and the influence of key parameters
on energy storage efficiency. [Method] The thermodynamic models of three basic cycles of liquid air energy storage system: separated
cycle, cooling capacity recovery cycle and cooling capacity and heat recovery cycle were established. The influence of key parameters
such as cold energy recovery, heat recovery, high pressure and discharge pressure on liquid yield and cycle efficiency was analyzed.
[Result] The results show that there is a positive correlation between liquid yield and cycle efficiency. The liquid yield and cycle
efficiency of the separated cycle are extremely low. The cooling capacity recovery cycle, using the cooling capacity during temperature
rise, significantly improves the liquid yield and cycle efficiency. The cooling capacity and heat recovery cycle further improve the liquid
yield and recycling efficiency for the use of heat of compression. The liquid yield and cycle efficiency increase with the increase of
cooling capacity recovery, increase with the increase of high pressure, and decrease with the increase of discharge pressure. [Conclusion]
Cooling capacity and heat recovery cycle is the optimal scheme of liquid air energy storage. Efficient cooling capacity storage plays an
important role in improving cycle efficiency. The utilization of industrial waste heat in the process of liquid-air reheating is helpful to
further improve cycle efficiency.
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Fig. 1 Schematic diagram of the separate cycle
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Fig. 2 T-sdiagram of the separate cycle (data shown in Tab. 1)
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Fig. 3 Schematic diagram of the cooling capacity recovery cycle
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Fig. 4 T-s diagram of the cooling capacity recovery cycle (data
shown in Tab. 2)
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Fig. 6 T-s diagram of the cooling capacity and heat recovery

cycle (data shown in Tab. 3)

®1 SBEXRRNRNFSH
Tab. 1 Thermodynamic parameters of the separate cycle
R T/K pMPa  W[kI-(kg)'] s/[kJ-(kg) "KM
1 300 0.1 426.30 3.891
2 300 8 409.85 2.583
3 157.49 8 196.82 1.569
4 81.49 0.1 196.82 2.467
5 81.61 0.1 204.72 2.563
6 78.79 0.1 -0.22 —0.002 82
7 79.97 5 5.37 —0.00256
8 882.22 5 1041.80 3.891
9 300 0.1 426.30 3.891
w/[kJ-(kg) T wy/[kJ-(kg) '] wo/[k)-(kg) '] g/ [K)-(ke) Ty 7
615.5 5.60 375.95 1036.43 0.063  0.078

®2 REOWERNRNZSH

Tab. 2 Thermodynamic parameters of the cooling capacity

recovery cycle

IR T/K p/MPa  h/[kI-(kg)'] s/[kJ-(kg) K]

1 300 0.1 426.30 3.891

2 300 8 409.85 2.583

3 117.24 8 80.71 0.730

4 79.83 0.1 80.71 1.034

5 81.61 0.1 204.72 2.563

6 78.79 0.1 -0.22 —0.002 82

7 79.97 5 537 -0.00256

8’ 290 5 404.86 2.699

8 882.22 5 1041.80 3.891

9 300 0.1 426.30 3.891

wi/[kJ-(kg) " Twy/[kJ-(kg) ') wo/[kJ-(ke) ' g/ (kg) ']y n

615.5 5.60 375.94 63691  0.609 0.486
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Tab. 3 Thermodynamic parameters of the cooling capacity and

heat recovery cycle

7

PR T/K p/MPa H[KI(kg) '] s/[kJ-(kg) K]
1 300 0.1 426.30 3.891
2 300 8 409.85 2.583
3 117.24 8 80.71 0.730
4 79.83 0.1 80.71 1.034
5 81.61 0.1 204.72 2.563
6 78.79 0.1 -0.22 -0.00282
7 79.97 5 5.37 —0.00256
8’ 290 5 404.86 2.699
8" 297 5 412.49 2.725
8 882.22 5 1041.80 3.891
9 300 0.1 426.30 3.891
w/lkT-(kg) '] wy/[kI-(kg) '] wo/[kT (k) 1 ¢u/[KI-(kg) Ty n
615.5 5.60 375.94 62929  0.609  0.489
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