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Combined Cycle with Oxy-Combustion Carbon Capture by Changing the
Oxygen Supply System
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kts@Inha@ac.kr Abstract >> As a solution to the growing concern on the global warming, re-

searches are being actively carried out to apply carbon dioxide capture and stor-

Rec.eiVEd 25 July, 2019 age technology to power generation systems. In this study, the integrated gas-
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Accepted 31 August, 2019 ification combined cycle (IGCC) adopting oxy-combustion carbon capture was
modeled and the effect of replacing the conventional air separation unit (ASU)
with the ion transport membrane (ITM) on the net system efficiency was
analyzed. The ITM-based system was predicted to consume less net auxiliary
power owing to an additional nitrogen expander. Even with a regular pressure ra-
tio which is 21, the ITM-based system would provide a higher net efficiency than
the optimized ASU-based system which should be designed with a very high pres-
sure ratio around 90. The optimal net efficiency of the ITM-based system is more
than 3% higher than that of the ASU-based system. The influence of the operat-
ing pressure and temperature of the ITM on system efficiency was predicted to

be marginal.
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Table 3. Performance of IGCC system depending on oxygen

= = separation method
Parameter Value
3.1 MAZF EX| w0 UE Hs HS Oxygen separation method ASU I™
Pressure ratio 21 | 21 | 60
SCOC-IGCCY] Aba3+ FAE ASULF ITMO & Separated oxygen purity (%) 95 199.5]99.5
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t} ITM ARE A|AEIS] Ail= = 71x|olth A2 Wet Coal consumption (kg/s) 54.8'150.9 | 46.2
Oxygen consumption at combustor (kg/s)| 75.8 | 60.7 | 54.8
Collected CO2 mass flow (kg/s) 138.2114.8]103.6
Table 2. Performance of ITM using the reference GT power (MW) 46121429 7(474 8
Parameter Value ST power (MW) 331.7(297.2|236.9
Operating temperature (°C)24) 815.6 ASU power consumption (MW) 109.2| - -
Operating pressure (bar)w 13.8 ITM power consumption (MW) - |183.6]165.8
Mechanical efficiency (%) 99.0 Nitrogen expander power (MW) - |119.0{107.5
Generator efficiency (%) 98.5 Oxygen comp. power consumption (MW)| 16.7 | 16.4 | 38.3
Motor efficiency (%) 95.0 CSU power consumption (MW) 55.8145.541.1
Main air compressor isentropic efficiency (%) 86.2 Aux. power (MW) 22.6 | 20.6 | 36.7
Oxygen compressor isentropic efficiency (%) 88.9 Net power (MW) 588.7|579.8|537.3
Nitrogen expander polytropic efficiency (%) 90 HHYV Net efficiency (%) 39.6142.0 | 43.1
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