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1. Mono Ethanol Amine (MEA)
2. Exhaust gas recirculation (EGR)
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Figure 1- Schematic of the NGCC
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1. Enhanced MHI J Turbine
2. HRSG

3. Peng-Robinson

4. Gibbs Reactor

5. NBS Steam
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Table 1- operation condition of the power plant

Parameter Value
Inlet air temperature (°C) 25
Inlet air flow rate (kg/s) 599.2
Air compressor adiabatic efficiency (%) 88
Fuel inlet temperature to the combustion chamber (°C) 204.4
Fuel inlet pressure to the combustion chamber (bar) 28.37
Fuel flow rate for each combustion chamber (kg/s) 16.6
Fuel composition (mol. %)
Methane (CH4) 93.1
Ethane (C2H6) 3.2
Propane (C3H8) 0.7
n-Butane (C4H10) 0.4
Carbon dioxide (CO2) 1
Nitrogen (N2) 1.6
Fuel lower heating value (kJ/kg) 47210
HP turbine adiabatic efficiency (%) 90.2
IP turbine adiabatic efficiency (%) 93.95
LP turbine adiabatic efficiency (%) 95.6
HP turbine inlet condition 593.3°C, 166.5 bar
IP turbine inlet condition 592.9°C, 24.82 bar
LP turbine inlet condition 297.4°C, 3.283 bar
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Figure 2- CO, chemical absorption cycle
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1. Electrolyte non-random two-liquid
2. Carbamate: MEACOO-
3. Bicarbonate: HCO3-
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Table 2- overall design parameters for absorption cycle

Parameter Value

Rich/lean heat exchanger minimum approach temperature (°C) 8.5
Pressure drop in rich/lean heat exchanger (bar) 0.4

Pumps adiabatic efficiency (%) 75

Blower adiabatic efficiency (%) 90

Reboiler temperature (°C) 120
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Table 3- design parameters for CO, compression process

Parameter Value
Property package Peng-Robinson

Inlet pressure (bar) 1.8

Outlet pressure (bar) 150
Compressor pressure ratio per stage 2
Pressure drop in intercoolers (%) 2
Compressors adiabatic efficiency (%) 85
Pump adiabatic efficiency (%) 75
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1. Organic Rankine cycle (ORC)
2. Kalina cycle
3. Goswami cycle
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Table 4- Overall performance of the NGCC power plant

Parameter Simulation value Value in reference [21]

Gas turbines power output (MW,) 687.84 689.83
Steam turbine power output (MW,) 314.78 314.52
Auxiliary power consumption (MW,) 22.42 22.38
Net power output (MW.) 980.2 981.97

Net thermal efficiency (%LHV) 62.5 62.6
Flue gas flow rate (kg/s) 1232 1231.55

Flue gas composition (mol. %)

N, 73.86 73.86

0, 10.84 10.83

CO; 4.62 4.619

H.0 9.8 9.801

Ar 0.89 0.887
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Table 5- parameters and simulation results of the absorption cycle for the first integration case

Parameter Simulation value | Value in reference [12] | Value in reference [34]
Simulation method Rate-based Non-equilibrium stage Rate-based
Flue gas flow rate (kg/s) 1232 650.9 725
Flue gas CO; content (mol. %) 4.62 3.8 4.04
CO, capture efficiency (%) 90 90 90
Absorber pressure (bar) 1.15 1.1 1.2
Stripper pressure (bar) 2 1.9 -
Pressure drop in absorber (mbar) 50 50 -
Pressure drop in stripper (mbar) 50 50 -
Absorber packing type FLEXIPAC 2.5Y - Mellapak 250Y
Stripper packing type IMTP 38 - Mellapak 250Y
Rich solvent loading (mol CO2/mol MEA) 0.4738 0.47 -
Lean solvent loading (mol CO2/mol MEA) 0.2508 0.22 0.20
R/L heat exchanger mlmTum Approach 8.5 8.5 10
temperature (°C)
Power consumption (MJ/kg CO,) 0.21 0.15 -
Reboiler duty (MJ/kg CO,) 4.01 3.74 3.96
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Figure 4- NGCC power plant integrated with post-combustion CO, capture and compression system (case 1)
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Table 6- overall performance of the designed ORCs

Parameter ORC 1 ORC 2
Working fluid Benzene n-Pentane
Critical temperature of the Working fluid (°C) 288.9 196.5
Critical pressure of the Working fluid (bar) 49.24 33.75
Normal boiling point of working fluid (°C) 80.09 36.06
Turbine adiabatic efficiency (%) 85 85
Pump adiabatic efficiency (%) 75 75
Net power output (MW) 5.52 9.73
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Table 7- summary of the simulation results

Parameter Power plant Casel Case 2 Case 3

Gas turbine power output (MW,) 687.84 687.84 687.65 687.65

Steam turbine power output (MW,) 314.78 207.71 211.06 211.06
Auxiliary power consumption (MW,) 22.42 22.42 23 23
Power consumption in CO, capture cycle (MW,) - 16.77 10.62 10.62
CO, compression power consumption (MW,) - 24.72 24.65 24.65
ORCs net power output (MW,) - - - 15.25
Auxiliary steam turbine power output (MW,) - 5.87 5.65 5.65

Net power output (MW,) 980.2 837.6 846.1 861.35

Net thermal efficiency (%) 62.5 53.4 53.98 54.96

CO; emission (g/kWh) 324.71 38.4 37.37 36.71
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English Abstract

Investigation on post-combustion CO, capture from NGCC power plant
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In this study a 1000 MW NGCC power plant has been integrated with post-combustion CO, capture and
compression process to mitigate its emission. The MEA-based CO, capture process was designed for 90%
CO, separation. The detailed models of the power plant, CO, capture and compression process were
developed in Aspen HYSYS V9 in order to analyse the performance of the integrated system. Three cases of
integration have been investigated. In the first case, the power plant net thermal efficiency was decreased
from 62.5% to 53.4%. This efficiency drop due to steam extraction from the power plant to provide reboiler
duty and power consumption by capture and compression process. The effect of exhaust gas recirculation
(EGR) on the plant performance was studied in the second case. EGR implementation and waste heat
recovery by organic Rankine cycle in the third case led to an increase of 1.56% in the power plant efficiency
in comparison with the first case. The CO, emission of the power plant was decreased from 324.71 g/kWh to
36.71g/kWh in the third case of integration.

Keywords: NGCC power plant, post-combustion CO, capture, heat integration, EGR, organic Rankine cycle
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