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Abstract: In order to make full use of renewable energy and improve the efficiency of the power
generation system, an integrated system based on solid oxide electrolytic water hydrogen produc-
tion and energy storage and Allam cycle power generation was proposed. Specifically, the high-
efficiency Allam cycle was applied to the energy storage system of electrolytic water hydrogen
production and the energy storage system of hydrolysis was responsible for providing fuel and
pure oxygen for the Allam cycle. Meanwhile, the thermodynamic calculation model of the system
was established and the simulation calculation of the system was carried out through Matlab self-

programming with a focus on analyzing the influences of turbine inlet and outlet parameters, isen-
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tropical efficiency of power equipment, electrolytic efficiency and minimum cycle temperature on
the energy storage-generation system. The results show that the efficiency of the integrated sys-
tem reaches 54. 47 % and the energy storage density is 214. 85 kW « h « m * under the design con-
dition; there are optimal turbine inlet temperature, optimal turbine inlet pressure and optimal
turbine outlet pressure to make the system efficiency reach the peak; compared with other power
equipment, the internal efficiency of the turbine has the greatest influence on the system perform-
ance, with the internal efficiency of the turbine increasing from 82% to 92% and the system effi-
ciency seeing an improvement of 2. 55 percentage points; the system performance can be improved
by reducing the minimum cycle temperature. When the minimum cycle temperature is reduced from 26 C
to —4 °C, the system efficiency is improved by 6. 03 percentage points. This study can serve as
a valuable reference for the development of new large-scale electric energy storage technology,

and the results of parameter analysis can provide theoretical support for practical engineering

857 %

applications.
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Fig. 1 Schematic diagram of an integrated system based on hydrogen storage from water electrolysis and

Allam cycle power generation
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Fig. 2 Schematic diagram of a simplified electrolysis model

for solid oxides
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Table 1 Main design parameters of electrolytic hydrogen

production energy storage subsystem
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Table 2 Allam cycle subsystem main design parameters
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Table 3 Comparison of validation results of direct-fired CO,

cycle model
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Fig. 3 Influence of turbine inlet temperature on system

performance
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