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Abstract: In this study, an ideal water-recirculated oxy-fuel power generation system is proposed. The results
of parametric studies of the performance characteristics of the system are discussed. For a given choice of
the turbine inlet temperature, the turbine, which produces power, can be either a gas or a steam turbine. For
maximum efficiency, the turbine inlet temperature is selected as the level of state-of-the-art gas turbines and
the reheat cycle may be adopted not only to enhance the turbine power but also to maintain dryness of the
water with a turbine exhaust temperature that is as high as possible. To obtain a low condensation
temperature for a high purity of CO,, a relatively low pressure expansion process may be added. Finally, the
performance of the water-recirculated oxy-fuel power generation system is discussed with reference to various
operating parameters and system configurations. The optimal operating conditions for high performance and a
high purity of CO, are proposed.
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Table 1 Assumption and operating conditions of
the basic oxy-fuel cycle (Case 1)

Oxy-Fuel Cycle

Turbine Inlet Temperature 1380 ° C
Combustor Pressure 42bar
Condenser Pressure 0.1bar
Turbine Efficiency 90%
Compressor & Pump Efficiency 87%
HRSG Pinch Point 20° C

Sea Water Inlet Temperature 20° C
Condenser Outlet Temperature 25° C
Fuel(Methane) Heat Value[LHV] | 55150KJ/Kg
ASU(Air Separation Unit)

Produced O2 Purity 95%.mol
Produced O2 Status 25 ° C,lbar
HP Distillation Column Pressure | 5.64bar

LP Distillation Column Pressure 1.5bar
Compressor & Pump Efficiency 87 %
CPU(CO2 Purification/Compression Unit)
Recovered CO2 Purity 99.3%.mol
Recovered CO2 Status 25 ° C,100bar
Compressor Intermediate Pressure | lbar
Compressor Inter-cooling Temp 25°C
Compressor Efficiency 87 %
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Fig. 1 Water recirculated Oxy-fuel cycles
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Table 2 Operating conditions and power balance in each case
Case.1 Case.2 Case.3 Case.4 Case.5 Case.6
S Reheating system X X X (0] o (0]
ystem -
. Regenerating system X (0] O X O (0]
Configuration Bottoming cycle X X 0] X X (6]
Turbine inlet temperature (°C) 1380 1380 1380 1380 1380 1380
Operating | Combustor pressure (bar) 42 42 42 42 42 42
Condition | Reheat-combustor pressure (bar) - - - 14 14 14
Condenser pressure (bar) 0.1 0.1 1 0.1 0.1 1
Total heat input Q (%) 100.00 100.00 | 100.00 100.00 100.00 100.00
Total turbine power (%) 56.68 62.78 57.34 58.01 66.10 57.69
HPT power (%) 56.68 62.78 49.52 12.95 14.76 15.00
IPT power (%) - - - 45.07 51.34 32.98
LPT power (%) - - 7.82 - - 9.71
Total compression power (%) 6.98 6.98 7.01 6.54 6.48 6.48
Power Fuel compressor power (%) 1.98 1.98 1.98 1.88 1.86 1.85
Balance O, compressor power (%) 4.88 4.88 4.88 4.56 4.53 4.51
Pump power (%) 0.07 0.11 0.11 0.06 0.09 0.09
Gross power (%) 49.71 55.80 50.33 51.48 59.62 51.24
ASU power (%) 8.33 8.33 8.33 8.35 8.34 8.34
Efficiency considering ASU (%) | 41.37 47.47 42.00 43.16 51.28 42.90
CPU power (%) 4.85 4.85 3.56 4.84 4.86 3.67
Net efficiency (%) 36.53 42.58 38.44 38.29 46.41 39.23
R EEo] 1-4% Aot ol Ad Axv]dl CES Cycle J1QTE{HIo] A~FERL 7]nke] 7] of
Azt AT 7 a5 ET] wEel 2EAl o woll Brlel A e Fu7F ddisith= 7=4 Al
ol AsHAl Ha, old wE HyYl E# o] ofo] ittt o]e Wl SNU Cycle> ILtENIO]
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Table 3 Comparison with other water-recirculating oxy-fuel cycles

SNU Cycle CES Cycle S-Graz Cycle
HPT inlet status 42bar, 1380 ° C 180bar, 560 ° C | 180bar, 560 ° C
Operating | IPT inlet status 14bar, 1380 ° C 42bar, 1380 ° C | 42bar, 1380 ° C
Condition | LPT inlet status - - Ibar, 232 ° C
Condenser pressure (bar) 0.1 0.1 0.1
Total heat input Q (%) 100.00 100.00 100.00
Total turbine power (%) 66.10 67.49 138.07
HPT power (%) 14.76 7.25 5.32
IPT power (%) 51.34 60.22 123.57
LPT power (%) - - 9.18
Total compression power (%) 6.48 9.20 81.90
Power Fuel compressor power (%) 1.86 2.47 1.98
Balance O, compressor power (%) 4.53 6.34 4.88
Flue gas compressor power (%) - - 74.60
Pump power (%) 0.09 0.39 0.40
Gross power (%) 59.62 58.29 56.20
ASU power (%) 8.34 8.34 8.33
Efficiency considering ASU (%) 51.28 49.95 47.87
CPU power (%) 4.86 4.85 4.85
Net efficiency (%) 46.41 45.09 42.99
LPT @ 4@
B o o

0

Fuel
Nz +
Air

>
&

Fig. 7 A schematic diagram of the CES Cycle
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