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Abstract: [Introduction] Energy storage technology becomes an essential supporting technology to build a new power system with
renewable energy as the main power source. Liquid air energy storage (LAES) is one of the emerging large-scale energy storage
solutions, which is technically and economically feasible and has a wide range of application prospects. The pilot plant built by Highview
Power is the only LAES for which test data have been made public. The paper aims to explore the thermodynamic principle of LAES and
seek ways to improve the cycle efficiency of LAES. [Method] A thermodynamic model was established according to the process flow of
Highview Power's pilot plant. The thermodynamic model was verified by the test data of the pilot plant. Exergy analysis was carried out.
The influence of key operating parameters on the charging and discharging process was studied by the control variable method. [Result]

The results show that the key equipment limiting the cycle efficiency are recycle compressor and evaporator. Increasing the compression
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pressure and post-throttling pressure, increasing the mass flow rate and inlet temperature of the cryogenic expander, and recovering the

cooling capacity of the regenerator are beneficial to improving the liquefaction rate and reducing the energy consumption of liquefaction.

Moreover, increasing the high pressure and the inlet temperature of turbine expansion unit can help to improve the output power and

cycle efficiency of LAES. [Conclusion] Some improvement measures are put forward to improve cycle efficiency, such as recovery of

compression heat, improvement of compressor isentropic efficiency and reduction of heat transfer temperature difference of evaporator.
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Key parameters of LAES related simulation research
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Fig. 2 Flow chart of LAES pilot plant charge process
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Tab. 2 Calculated and measured thermodynamic states of charge process
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Tab. 3 Calculated and measured thermodynamic states of discharge process
Wasm TIK _ ‘ p/bar‘ A ‘ m/(kg-s’j) A h/FkJ'kg") ik
2 HHEE 2 M 2 HHEE HHEE

21 — 103.8 — 10 1.67 —64.33 —
22 109.4 106.6 425 42.5 1.67 1.67 -57.82 TRIR ISR T5%
23 179.0 178.5 — 41.0 1.67 1.67 158.87 —
24 254.1 254.1 - 39.6 1.67 1.67 251.65 —
25 316.9 316.9 39.6 39.6 1.67 1.67 321.61 BHIKIM#REN43.7 C
26 279.7 279.7 — 17.6 1.67 1.67 285.85 IAKHL LR AK 2. 25, Sk R 53%
27 328.2 328.2 17.6 17.6 1.67 1.67 337.64 BEHUKINFRENSS °C
28 302.2 302.2 — 9.7 1.67 1.67 311.65 TZARHL2IE K L 1.81, SRR 49%
29 316.9 316.9 9.7 9.7 1.67 1.67 327.11 BEHUKIN#AFN43.7 €
30 269.9 269.9 — 3.8 1.67 1.67 279.07 A ML3RAK 2,55, 25508 62.3%
31 3173 317.3 3.8 3.8 1.67 1.67 328.67 BHUKIN#AF44.1 €
32 273.1 273.0 1.4 14 1.67 1.67 282.95 RERRALARAK 122,71, SHR0R 55.8%
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34 — 229.1 — 1.4 1.67 1.67 237.23 —
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36 111.3 1113 — 1.4 1.67 1.67 113.34 —
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Tab. 4 Power of major equipment during charge and discharge
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Tab. 5 Parameter setting range of charge process

AR pibar pobar mdkgs)  TyK  mulkgs) QW
1 7~20 1 1.8 130.55 0.1 77.1
2 10 1~75 1.8 130.55 0.1 77.1
3 10 1 1.7~183 13055 0.1 77.1
4 10 1 1.8 120 ~ 150 0.1 77.1
5 10 1 1.8 13055 0.04~0.14 771
6 10 1 1.8 130.55 0.1 60 ~ 140
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