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ABSTRACT: Research and development efforts to reduce CO2 emission are in progress to cope
with global warming. CO2 emission from fossil fuel fired power plants is a major greenhouse gas
source and the post—-combustion CO2 capture is considered as a short or medium term option to
reduce COz2 emissions. In this study, the application of the post-combustion CO2 capture system,
which is based on chemical absorption and stripping processes, to typical fossil fuel fired power
plants was investigated. A coal fired plant and a natural gas fired combined cycle plant were
selected. Performance of the MEA-based COz2 capture system combined with power plants was
analyzed and overall plant performance including the energy consumption of the COz capture

process was investigated.
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Table 1 Coal properties
Carbon[wt.%] 71.74
Hydrogen[wt.%] 4.62
Oxygen[wt.%] 6.09
Sulfur[wt.%] 0.71
Nitrogen[wt.%] 1.42
Ash [wt.%] 9.79
Moisture[wt.%] 5.63
HHVI[k]/kg] 30420
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Table 2 Performance of the coal-fired power

plant
Steam turbine power[MW] 653.7
Auxiliary power consumption[MW] 52.7
Net power output[MW] 600.0
Heat inputlMW] 14535
Net efficiency, HHV[%] 41.3

Table 3 Flue gas composition of the coal-fired
power plant

Component Mass flow Mass frac.
[ton/h] [%]
Nitrogen 1765.9 67.07
Oxygen 148.4 5.64
Water vapor 265.1 10.07
Carbon dioxide 453.3 17.22
Total 2632.7 100

Table 4 Natural gas properties

Methane[mol.%] 834

Ethane[mol.%] 15.8

Nitrogen[mol.%] 0.8
HHVI[k]/kg] 53890

Table 5 Performance of the NGCC power plant

Turbine power[MW] 947.6
Compressor and .auXiliary power 3355
consumption[MW]
Generator loss[MW] 121
Net power output[MW] 600.0
Heat input{MW] 1088.9
Net efficiency, HHV[%] 55.1
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Table 6 Flue gas composition of the NGCC po-

wer plant
Mass flow Mass frac.
[ton/h] [%]
Nitrogen 2319.3 74.93
Oxygen 423.2 13.67
Water vapor 152.8 4.94
Carbon dioxide 200.3 6.46
Total 3095.6 100
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Fig. 1 Schematic diagram of post—combustion CO2 recovery system using MEA sorbent.
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Water hydrolysis :
2H,0 < H,0 "+ OH "~

Bicarbonate formation :
2H,0 + CO, < H,0 " + HCO,

Carbonate formation :
H,0 + HCO, < H,0"+ CO,?

Amine protonation :
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Table 7 Fixed value of CO2 removal system

Inlet flue gas temperaturel C] 40
Inlet flue gas pressure[bar] 1
Lean MEA temperature[ C] 40

Lean MEA pressure[bar] 1
Number of stages in absorber 10
Heated rich MEA temperature[ C] 1045
Number of stages in stripper 6
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Fig. 4 Variation of overall system efficiency with
MEA concentration(coal-fired steam po-

wer plant).
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Fig. 5 Variation of overall system efficiency with
MEA concentration(NGCC power plant).
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