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Abstract: In order to meet the grid integration requirement for renewable energy, coal-fueled semi-closed CO,
cycle power generation system is required to operate under off-design conditions for extended periods. As the
primary energy consumption component within the system, the off-design performance of air separation unit (ASU)
is critical for the efficient operation of the power generation system over a wide load range. This paper proposes the
off—-design model for the ASU capable of simultaneously producing oxygen at two pressure levels: 6.6 MPa and 33.4
MPa. Based on sliding pressure control strategies, this study investigates the thermodynamic performance and
techno—economic viability of two ASU configurations, internal compression (IC) and external compression (EC),
under variable operating conditions. The results indicate that within the load range of 100% to 80%, the EC model
achieves a reduction in the specific energy consumption of 6.70% to 8.52%, has a 3.02% higher initial investment
cost, and lowers the levelized cost of product by 5.54% compared to the IC model. The EC model has advantages in
operating cost and off-design performance, while the IC model has better performance in terms of high—pressure

safety and initial investment. Therefore, the appropriate model should be selected with careful consideration based
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on specific requirements in engineering applications.
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Table1 Key parameters of ASU under design condition
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Fig.2 Generalized performance map of the centrifugal pump
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Fig. 3 Schematic diagram of the heat exchanger network
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PR 1 4 AR kWht 343.31 350.16 -1.96%
AR % 90.73 91.7 -1.06%
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Table 5 Validation of ASU off—design model

HiH i BHUE SH%E W

PGy
ARBE IRl % 99.50 99.50 0.00%
6.6 MPa /A0 i kg/s 14.34 14.34 0.00%
33.4 MPa S8 A i it kg/s 30.90 30.89 0.03%
R A Nz kWh/t  408.96  408.96 0.00%
AARICR % 96.61 96.61 0.00%

S 4Rz 5y
SRR R Al % 99.5 99.5 0.00%
6.6 MPa %8/ Jfi i kg/s 14.34 14.34 0.00%
33.4 MPa 8 Ji it ke/s 30.9 30.89 0.03%
] A RER kWht 381.5 381.59  -0.02%
AR IR % 90.22 90.21 0.01%
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Fig.4 Key thermodynamic performance parameters of ASU

under design condition
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Table 6 Result of techno—economic analysis of internal

and external compression ASU

2R HLf P R4 S R4
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