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Thermodynamic Analysis and Structure Optimization of Compressed CO, Energy

Storage System based on Energy Cascade Utilization

WANG Hongli, CHEN Mingyang, DONG Bo, LIU Haoyu
(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan, China, Post Code; 063210)

Abstract: To solve the problem of high efficient waste heat recovery and utilization in energy storage sys-
tems, a compressed CO, energy storage system based on step utilization of energy was proposed in this pa-
per, and the deep utilization of energy was realized by means of hierarchical storage of waste heat under
high pressure compression. A thermodynamic model of the system was established, and a comparative anal-
ysis was made between the proposed system and the existing reference system. The result shows that after
the improvement, the cycle efficiency of the system increases by 3.99% , the energy storage density increa-
ses by 4.47 (kW-h)/m’, and the relative exergy loss of heat exchange parts decreases by 6.80%. The
new system can effectively improve the cycle efficiency by increasing the initial temperature of cooling wa-
ter. The influence of CO, outlet temperature on the cycle efficiency of high temperature heat storage heat
exchanger has an optimal value of 434 K. When the outlet temperature of CO, in the medium temperature
heat exchanger is low, it is conducive to the improvement of cycle efficiency and energy storage density.

The proposed system can provide a feasible scheme for further optimization of CO, energy storage system.
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Tab. 1 Initial design parameters of the system

Z B EY 42
BRI/ K 298. 15 298. 15
W J1/MPa 0.1 0.1
IR EAETEE 1/ MPa 1.5 1.5
AR it E T2/ °C -30 -30
e A RER 71/ MPa 20 20
AR R/ C 30 30
A5 9 1 [/ MPa 0.5 0.5
TR FE 3 K/ MPa 2 2
HeigR e Sl 22 /K 5 5
A HE 1 LRI /K 293.15 363.15
B HE 2 LRI /K 293.15 293.15
S MW 10.00 10.00
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Tab. 2 System design operating results
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Fig. 3 Relative exergy loss rate of system components
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Fig. 10 Effects of CO, temperature at outlet of heat

exchanger 3 on system performance
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Fig. 9 Effects of CO, temperature at outlet of heat

exchanger 2 on system performance
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