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Optimization analysis of compression heat utilization in a stand-alone liquid air
energy storage system
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Abstract: A stand-alone liquid air energy storage (LAES) system with a water-oil combined heat storage system
was constructed, and the effects of compression stages, expansion stages, and heat-storage water temperature on the
system’s round-trip efficiency and compression heat utilization were analyzed. The results indicate that increasing
the number of compression stages will reduce the round-trip efficiency, and the optimal number of compression
stages is two. The optimal number of expansion stages is one more than the number of compression stages. Within
the temperature range of 25~65 °C, increasing the heat-storage water temperature can improve the system’s round-
trip efficiency and the utilization degree of compression heat. However, the system efficiency will no longer increase
when the temperature of the heat-storage water exceeds 65 C. Under optimal conditions, the system with two
compression stages, three expansion stages, and a heat-storage water temperature of 65 “C has a compression heat
surplus ratio of 0.349 and a round-trip efficiency of 0.622. The study provides a theoretical reference for optimizing
the compression heat utilization process in LAES systems.
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Fig.1 Flowchart of the benchmark LAES system
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Fig.2 Round-trip efficiencies of the system with different
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Fig.11 Surplus proportion of compression heat at different
numbers of expansion stages
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Fig.12 Round-trip efficiency, heat storage temperature, and
surplus proportion of compression heat at different heat-
storage water temperatures
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Tab.3 Detailed system parameters

A I fEIC JEJ7/MPa B A (kg bY) T IEEIC J£J1IMPa B/ (kg A Y)
Al 25.00 0.10 80 211.41 A20 260.47 6.00 69 966.58
A2 320.04 0.89 80211.41 A21 116.69 1.53 69 966.58
A3 75.00 0.89 80211.41 A22 116.69 153 69 966.58
Al 35.00 0.89 80 211.41 A23 265.16 153 69 966.58
A5 340.21 8.00 80211.41 A24 121.10 0.39 69 966.58
A6 75.00 8.00 80 211.41 A25 121.10 0.39 69 966.58
A7 35.00 8.00 80211.41 A26 265.92 0.39 69 966.58
A8 —85.84 8.00 80211.41 A27 121.93 0.10 69 966.58
A9 —-176.40 8.00 80 211.41 A28 38.05 0.10 69 966.58
A10 -192.59 0.12 80211.41 o1 65.00 0.10 99 032.64
All —192.59 0.12 10 244.83 02 275.99 0.10 99 032.64
Al12 -87.84 0.12 10 244.83 03 124.64 0.10 99 032.64
Al3 33.00 0.12 10 244.83 w1 25.00 0.10 40099.68
Al4 —192.59 0.12 69 966.58 W2 64.74 0.10 40 099.68
Al5 -189.71 6.00 69 966.58 W3 64.74 0.10 40099.68
Al6 —99.59 6.00 69 966.58 M1 —97.00 0.10 23703.67
Al7 28.05 6.00 69 966.58 M2 30.05 0.10 23703.67
Al8 106.10 6.00 69 966.58 P1 -177.50 0.10 118 633.53
A19 106.10 6.00 69 966.58 P2 -95.79 0.10 118 633.53
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