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Effect of Carbon Capture Using Pre-combustion Technology on
the Performance of Gas Turbine Combined Cycle
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Abstract >> In this paper, performance of the gas turbine combined cycle(GTCC) using pre-combustion carbon
capture technology was comparatively analysed. Steam reforming and autothermal reforming were used. In the
latter, two different methods were adopted to supply oxygen for the reforming process. One is to extract air form
gas turbine compressor (air blowing) and the other is to supply oxygen directly from air separation unit (O
blowing). To separate CO, from the reformed gas, the chemical absorption system using MEA solution was used.
The net cycle efficiency of the system adopting O, blown autothermal reforming was higher than the other two
systems. The system using air blown autothermal reforming exhibited the largest net cycle power output. In addition
to the performance analysis, the influence of fuel reforming and carbon capture on the operating condition of the
gas turbine and the necessity of turbine re-design were investigated.
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Nomenclature HRSG : heat recovery steam generator
TIT : turbine inlet temperature, °C

BAU : business as usual SR : steam reformer
CCS : carbon capture & storage WGSR : water gas shift reformer
IGCC : integrated gasification combined cycle PSA : pressure swing absorption
IRCC : integrated reforming combined cycle ATR : autothermal reactor
GTCC : gas turbine combined cycle CSU : carbon separation unit
GT : gas turbine ASU : air separation unit
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m : mass flow, kg/s

A . area, m’

P : pressure, kPa

T : temperature, °C

Cp : specific heat, J/kg K
Subscripts

in : inlet

cap. : capture

w/o : without

fuel inlet : fuel inlet flow
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Fig. 1 Configuration of GTCC considering pre-combustion
CO; capture

Table 1 Natural gas composition

i)

Mole fraction [%]

Methane 0.9133

Ethane 0.0536

Propane 0.0214
iso-Butane 0.0046
normal-Butane 0.0048
iso-Pentane 0.0001
Nitrogen 0.0022

Lower heating value [kl/kg] 49,300

Slek. W7)7kse] 7t FEs] 7] uho] vl
TH Y 2j(Heat Recovery Steam Generator, HRSG)o]|
A B2 slgesto] S7IEHIST)olA 7 e jick

AL Y3} SiemensA}e] SCC6-8000HE TthAlo
2 g2 HYSYS'S o] 83t mdas)
et AR A=O] 24 Table 1of LR Sk
AA A 2"e] FoiE A I meeEe S ALt
Hl /d%5<= Table 20f| H]awsto] LUeRf Itk 7F2~E 4]
=719 ¢=H7} 19.5, EHIYT &% (Turbine Inlet
Temperature, TIT)7} 1500°Co]1L GTS} ST &8-S
A2 F =20l 440 MW, 8-80°] 60%= A= U
stel muel A4S ASssct

¢}

2.2 gdaH 2| 3T

211 37| W&

AxA Ao B F 5%7] 7|A7|(Steam Reformer,
SR)E o83 AA7kx WA $742 Fig. 29} L

5 - 2WAL - U5 573

Table 2 Performance of GTCC using the reference of
SCC6-8000H

Ref. Model
Exhaust mass flow [kg/s] 625 625
Pressure ratio 19.5 19.5
Turbine inlet temperature [°C] - 1,500
Turbine rotor inlet temperature [°C] 1,427 1,427
Turbine exit temperature [°C] 630 629
Compressor isentropic efficiency [%] - 90.0
Turbine isentropic efficiency [%] - 90.6
GT power output [MW] 292 293
ST power output [MW] 148 147
System power output [MW] 440 440
System efficiency [%] 60.0 60.0
7t A= Wheoll adt 5719 S 5
7IME7 2 a3 dae A 3400
s A AL sl 5571 ALY AT ew
9191 450~650°CE 7FAEe}. a2o] &3t 7hAhe
A ()3} o] ¥hSste] CO% M2 AT A7k

gas shift reformer, WGSR)o]| 4] 4] (2)¢] WF-2-& =3}
AA7IA Yol Hy gFo] S7isict

C,H,, 4o +0nH,0 —(2n+1)H,+nCO (1)

CO+H,0 >CO,+H, )

Heat from
Burner

Hz Rich gas

MEA

Fig. 2 Schematic diagram of steam reforming process
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Fig. 3 Schematic diagram of autothermal reforming process
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Fig. 4 Configuration of MEA absorbtion process
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Fig. 5 Configuration of carbon separation unit
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Table 3 Performance of GTCC with CO, capture

chasgo] k¥l Biake SHEC] Ao u%)

ek

rr

Table 4 Turbine inlet gas composition

wio ATR ATR
SR w/o cap. SR
cap. Air 0, Air (¢}
Overall CO, capture rate [%)] - 80.0 Nz [%] 73.61 71.02 73.68 70.28
0,
MEA process \ ) 00| 820! 857 Oy [%] 9.86 10.93 6.26 10.65
CO; capture rate [%] Ar [%] 0.88 0.85 066 | 084
Fuel flow [ke/s] 149 | 214] 207 | 19.0 CO, [%] 513 0.03 1.37 1.22
GT power output [MW] 293.0 | 316.7 | 298.0 | 324.7 O [%] 052 18 1802 | 1701
ST power output [MW] 147.0 | 153.6 | 181.9 | 149.7
Gross power output [MW] 440.0 | 470.3 | 479.9 | 474.4
A =) o ogko O =
Gross cycle cfficiency [%] | 60.0 | 447| 468 | 50.6 o ATRO|| B[] 22 Ffo R Hhgo] o] fofXIy.
Reformer power - sl 253 | 10 ueba Ao "Rdt do| TasH =i AR A&
consumption ' : ’
TR — W} Hek SR} 9] ATREANAE 74do] d =
power _ _ _ _
consumption [MW] 73 ARy} spaENle] Ao Solzith wfeb £
CSU power - 212202 |85 T FECO, 2HES DAY MEATA 2YE

consumption [MW]

Net cycle power output [MW]| 440.0 | 431.4 | 434.4 | 417.3

Net cycle efficiency [%] 60.0 | 41.0| 424 | 445

WNet = WGrossine former 7WCSUiWASU (9)

WNet
m - LHV)

MNet = ( (10)
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Table 5 Influence of CO, capture on the operating condition
of the gas turbine

ATR
w/o SR
cap. Air 0O,
Temperature [°C] 1500
Overall CO, capture rate [%] - 80.0
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