
 

1. Introduction 

A recent report by the International Energy Agency (IEA) in 

2023 states that global energy-related emissions have reached 

36.8 billion tons in the year 2022, which made the limiting 

global average temperature to 1.5°C by 2100 impossible. The 

expeditious actions by the conference of the parties (COP) will 

make it possible to limit the temperature to 1.7°C. Among the 

pathways suggested for limiting the increasing temperature in  

 

the energy sector, the carbon capture and storage (CCS), carbon 

capture utilization and carbon dioxide removal are among the 

many methods [1]. According to the Intergovernmental Panel on 

Climate Change (IPCC), as an effort to limit the global average 

temperature to below 2°C and to achieve net zero emission or 

’negative emissions’, the Bioenergy with Carbon Capture and 

Storage (BECCS) appears to be a feasible option [2], which can 

reach a potential of capturing 50 Mt CO2/year by 2030 [3]. 

BECCS results in utilization of byproducts obtained from the 
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Abstract 

In this study, the thermodynamic analysis of a combined cycle gas turbine integrated with post-combustion carbon capture and 
storage using the solvent method is performed. The syngas obtained from the gasification of sewage sludge is mixed with methane 
and nitrogen-rich natural gas fuels at different proportions, used in the gas turbine, and the properties of fuel and flue gases are 
analyzed. The flue gas obtained from the fuel mixture is passed through the post-combustion carbon capture and storage at various 
load conditions to assess the heat and electricity required for the carbon capture process. The solvent used for the carbon capture 
from flue gases enables CO2 capture with the high efficiency of 90%. With the calculated results, the load conditions of flue gas 
using fuel mixtures are identified, which reduces the heat and power demand of post-combustion carbon capture and storage and 
provides the possibility to achieve neutral emission. The impact of selected operating conditions of post-combustion carbon 
capture and storage on the CO2 emission reduction process and on the power plant performances is investigated. Considering the 
factors of electricity generation, energy efficiency, heat supply to the consumers, operating load of post-combustion carbon cap-
ture and storage and CO2 emission, the 50% mixture of syngas with both fuels performs better. Also, the use of a mixture of  
2-amino-2methyl-1-propanol and piperazine with reboiler duty 3.7 MJ/kgCO2 in post-combustion carbon capture and storage 
slightly enhanced the performance of the power plant compared to the use of monoethanolamine with reboiler duty  
3.8 MJ/kgCO2.  

Keywords: Thermodynamic modelling; Combined Cycle Gas Turbine; Post-combustion carbon capture and storage;  

CO2 capture; Negative emission 

 

 

 

Vol. 45(2024), No. 4, 85‒93; doi: 10.24425/ather.2024.151999 

Cite this manuscript as: Subramanian, N., & Madejski, P. (2024), Carbon dioxide capture in large-scale CCGT power plant from flue gases 

obtained from various fuel mixtures. Archives of Thermodynamics, 45(4), 85–93. 

Co-published by 

Institute of Fluid-Flow Machinery 

Polish Academy of Sciences 

Committee on Thermodynamics and Combustion 

Polish Academy of Sciences 

 
Copyright©2024 by the Authors under licence CC BY-NC-ND 4.0 

 
http://www.imp.gda.pl/archives-of-thermodynamics/ 

mailto:subraman@agh.edu.pl
http://www.imp.gda.pl/archives-of-thermodynamics/


Subramanian N., Madejski P.  
 

86 
 

Nomenclature 

Abbreviations and Acronyms 

AEEA – aminoethyl ethanolamine 

AMP – 2-amino-2methyl-1-propanol 

BAE – 2-(butylamino)ethanol 

BECCS – bioenergy with carbon capture and storage 

CCGT – combined cycle gas turbine 

CCS – carbon capture and storage 

COP – conference of parties 

DEA – diethanolamine 

DETA – diethylenetriamine 

DHN – district heating network 

EAE – 2-(ethylamino)ethanol 

EGBE – 2-butoxyethanol 

HP  – high pressure 

HRSG – heat recovery steam generator 

IEA – International Energy Agency 

IPCC - intergovernmental panel on climate change 

LP  – low pressure 

MAE – 2-(methylamino)ethanol 

MDEA – methyl diethanolamine 

MEA – monoethanolamine 

PCCS – post-combustion carbon capture and storage 

PZ  – piperazine  

thermochemical conversion process and integration with carbon 

capture technology, which helps not only to fight the climate 

change crisis but also to satisfy the energy demand [4]. 

The use of natural gas in combined cycle gas turbines 

(CCGT) integrated with post-combustion carbon capture 

(PCCS) provides low carbon emission and the possibility of 

achieving higher efficiency of CO2 capture at a lower opera-

tional cost. During the steady state operation, CCGT with PCCS 

can provide a gross efficiency of 58% [5]. The cost saving of 

CCGT integrated with PCCS depends upon the effective opera-

tion of the power plant. When the electricity price is higher, the 

CCGT operation focuses on power generation and reduces the 

CO2 capture process, thus producing more power output by re-

ducing the energy penalty of CCS. When the carbon price is 

higher, the focus will be changed to the carbon capture process 

[6]. 

Post-combustion carbon capture works on low CO2 concen-

trations and has minimised pressure loss when operated using 

solvents. Monoethanolamine (MEA), diethanolamine (DEA), 

methyl diethanolamine (MDEA), aminoethyl ethanolamine 

(AEEA), diethylenetriamine (DETA) are the most commonly 

used solvents in PCCS [7]. The PCCS process using chemical 

absorption solvents has a high carbon capture efficiency of 90% 

– 99% [8]. Despite amine loss and corrosion of utensils during 

the CO2 capture process, MEA is the most widely used solvent 

due to its operation under partial pressure, capture rate and 

chemical kinetics [9]. The steam from the steam cycle of the 

power plant is used for the regeneration of the CO2 capture pro-

cess when operating PCCS is integrated with a power plant. Up 

to 10% of efficiency is reduced during the extraction of steam in 

the power plant due to the energy penalty, which can be mini-

mized by introducing supplementary equipment such as a sup-

plementary steam turbine [10]. Wu et al. [11] state that the in-

troduction of solar energy for the PCCS regeneration process 

has improved the power generation in the steam cycle, which 

reduced the energy penalty to 6.93%. 

The use of a single amine in PCCS has the drawback of con-

suming higher energy for regeneration and a lower absorption 

rate. Nowadays the use of blended solvents is gaining more at-

tention because of the higher CO2 capture rate and lower energy 

required for regeneration [12]. A simulation comparison by 

Ding et al. [13] shows that the blending of piperazine (PZ) with 

MEA and MDEA shows better performance by reducing regen-

eration energy and making the process more cost-effective com-

pared to MEA and blended MEA-MDEA amines. Ping et al. 

[14] experimental study of nonaqueous secondary alkanola-

mines 2-(methylamino) ethanol (MAE), 2-(butylamino) ethanol 

(BAE) and 2-(ethylamino) ethanol (EAE) with 2-butoxyethanol 

(EGBE) used for the CO2 capture process shows the blend of 

EGBE with BAE has a lower regeneration energy of 1.73 MJ/ 

kgCO2 compared to MEA which is 3.8 MJ/kgCO2. The experi-

mental study of blend solvents 2-amino-2methyl-1-propanol 

(AMP)-PZ-MEA with MEA shows that the blend of 6M–7M 

AMP-PZ-MEA solvents has 1.5–2.5 times higher mass transfer 

coefficient and better CO2 capture rate than 5M MEA [15]. 

Due to the volatility of amine, the emission of amine with 

ammonia and other compounds occurs during oxidative degra-

dation. This depends upon various factors such as operating con-

ditions and the composition of flue gases, which can be reduced 

by cooling the treated flue gas at the outlet of the absorber, 

which is done by adding a water wash column [16]. 

Mathematical modelling of complex energy systems is 

a helpful tool in the analysis of conventional systems [17,18], 

those based on renewable energy sources [19], or hybrid energy 

systems [20]. Tools for the simulation of thermodynamics pro-

cesses developed in recent years are increasingly popular,  

e.g. Aspen Plus, Aspen Hysys, GateCycle, IpsePRO or Ebslion 

Professional are used in the presented case [21,22]. 

The novelty of the study is that it identifies the CO2-neutral 

fuel mixture and shows simulation results of the performance of 

CCGT when integrated with PCCS. CCGT is operated using the 

fuels methane and nitrogen-rich natural gas mixed with syngas 

obtained from gasification of sewage sludge at different propor-

tions of 25%, 50% and 75%. The flue gas produced from CCGT 

is passed at different load conditions from 50% to 100% for CO2 

removal to PCCS using the solvent method. Two different aque-

ous solvents 30wt% MEA and a blend of 16wt% AMP – 14wt% 

PZ are used in PCCS. The extraction of steam from CCGT for 

amine regeneration has an impact on the power plant perfor-

mance. Based on the power generation, DHN heat supply, emis-

sion parameters and the regeneration energy of solvents in 

PCCS, the CO2-neutral fuels are identified. 

2. Model and simulation description 

The thermodynamic model of Ebsilon [23] for flows of pure wa-

ter/steam and data of IPAWS-IF97 [24] were used. The Red-
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lich–Kwong–Soave real gas formulation [25] and NIST [26] 

data for calculating MEA mixture properties were adopted. The 

equations of state, mass and energy balances were resolved iter-

atively, with a convergence criterion set to 10−9. This referred 

to the relative deviation between the second-last and the last it-

eration step for mass flow, pressure and enthalpy. 

A model of CCGT operated with two Siemens SGT-800 gas 

turbines with a maximum power of 50.5 MW per turbine and 

a steam turbine with a maximum power of 65 MW is developed. 

The outlet gas from the gas turbine at 553°C is passed through 

the heat recovery steam generators (HRSGs) with high pressure 

(HP) and low pressure (LP) steam levels to produce steam for 

the steam turbine. An economizer is included at the last stage of 

HRSG for a district heating network (DHN) along with a heat 

exchanger, in which steam from the steam turbine is used as a 

hot stream to supply heat to the water. When using different 

fuels in the developed model of CCGT, the gas turbines increase 

the fuel mass flow to operate at full efficiency of 38.1%, which 

also depends upon the calorific value of the fuel. Gas fuels such 

as methane and N2-rich natural gas are used in gas turbines. To 

measure the possibility of achieving a ‘negative CO2 emission’, 

syngas is mixed with the fuel at different proportions as 25%, 

50% and 75%. When operating CCGT with PCCS, CGGT is al-

ways kept in full load condition and the flue gas to PCCS is di-

rected with various load conditions between 50% and 100%. 

When supplying steam to the DHN heat exchanger and PCCS 

for amine regeneration, the power generation in the steam cycle 

varies with changing the behaviour of CCGT. 

PCCS uses an aqueous solution of 30wt% MEA and 

16wt%+14wt% of AMP-PZ solvents and has a CO2 capture ef-

ficiency of 90% and rich CO2 loading of 0.5, 0.62 and 0.86 mol-

CO2/mol-amine, respectively. The absorber operates at 40°C, 

1 bar and the stripper operates at 120°C, 2 bar, respectively. The 

model incorporates mass and energy balance equations to ensure 

accurate simulation of the entire process. These balances ac-

count for the flow rates, temperatures and pressures of all 

streams entering and exiting each component. The reaction 

mechanism between the amines (MEA, AMP-PZ) and CO2 in 

flue gas is manually described within the absorber component, 

as CO2 is selectively separated from the flue gas stream based 

on the capture efficiency. CO2 is then mixed with the amine so-

lution, resulting in the formation of rich amine flow at the bot-

tom outlet of the absorber. A water wash system is added to the 

top of the absorber to minimize solvent emission by cooling the 

low CO2 flue gas stream exiting the absorber, thereby condens-

ing and capturing any solvent vapours before they are released 

into the atmosphere. The rich amine from the absorber is pre-

heated before it enters the stripper. The rich amine solution is 

further heated in a reboiler using steam from CCGT. This heat-

ing process facilitates the separation of CO2 from amine. When 

the amine flows back inside the stripper, CO2 gets separated ex-

iting the top of the stripper. The reaction mechanism in the strip-

per is described similarly to the absorber component, where CO2 

is separated using the separator component of the model accord-

ing to the lean amine loading from the amine stream from the 

reboiler to the stripper after heating. The separated CO2 is cooled 

and compressed up to 110 bar at the CO2 compression system. 

Based on the Gorzów CCGT power plant in Poland [27] and 

the theoretical analysis of PCCS using the solvent method for 

different flue gases, a model of CCGT integrated with PCCS as 

in Fig. 1 is developed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Based on the rich CO2 loading calculation and depending 

upon the CO2 at the PCCS inlet, the required amount of lean 

solvent is given as input to the absorber model [28]. The model 

increases or decreases the flow of amine required for the capture 

to the absorber, considering the flow of CO2 in the flue gas. Due 

to the absence of gas-to-liquid phase mass transfer and chemical 

reaction in the simulation, the internal reactions are manually 

described in the model using the study. 

3. Results and discussion  

3.1. Fuel composition and emission 

The composition of the fuels and mixture of fuels used in the gas 

turbine for combustion such as methane with syngas and N2-rich 

natural gas with syngas at different proportions changes with an 

increase in the proportion of syngas along with a change in the 

lower heating value (LHV) of the fuels. LHV of methane,  

 

Fig. 1. Model of CCGT integrated with PCCS developed using Ebsilon® Professional 16. 
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N2-rich fuel and syngas are 50.5 MJ/kg, 18.63 MJ/kg and  

17.08 MJ/kg, respectively. The presence of CO2 content in syn-

gas increases the CO2 content in the other fuels when mixed. 

When mixing syngas with the other fuels, the lower heating 

value changes due to the increasing syngas content in the fuel, 

and the CO2 content increases. The fuels and the mixture of fuels 

are given as an input to the gas turbine at 30 bar and 25°C. The 

fuels and mixture of fuels are used in the gas turbines of CCGT 

and CO2 emissions are analyzed as in Fig. 2. Due to the CO2 

content in fuel, the combustion of the fuels results in an increase 

in CO2 emission in flue gas with an increased syngas proportion. 

After various stages of HRSG, the flue gas at 0.885 bar and 

104.6 °C is passed to PCCS for CO2 removal process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When the flue gas passes through PCCS at different load 

conditions, the flue gas diverted from PCCS is passed directly 

into the atmosphere. When passing flue gases to PCCS at differ-

ent proportions from 50% to 100%, the CO2 content at the inlet 

of PCCS gets reduced as in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Performance of CCGT without PCCS 

The change in content of the fuel when mixed with syngas does 

not have any adverse effects on the performance of CCGT with-

out PCCS. This is because the gas turbine adjusts the mass flow 

rate of the fuel according to its LHV, ensuring consistent perfor-

mance. With the maximum load of DHN heat supply of 54 MW, 

gas cycle power generation is 100.72 MW, and steam cycle 

power generation 37.65 MW. The performance metrics of 

CCGT without PCCS as detailed in Table 1 remain unchanged 

for using fuels and a mixture of fuels in the CCGT gas turbine. 

 

 

 

 

 

 

 

 

 

 

 

 

Even after accounting for the power consumption of  

9.94 MW by CCGT, the net power produced 128.43 MW is de-

livered to the grid. This demonstrates that the mixture of syngas 

does not impair the overall efficiency and effectiveness of the 

CCGT in generating electricity and supplying heat to DHN. The 

adaptability of the gas turbine to different fuel compositions en-

sures steady performance and reliable power output to the grid. 

3.3. Performance of CCGT with PCCS 

When operating CCGT integrated with PCCS using MEA, the 

Gross power production of the CCGT is maintained between 

129 MW to 131 MW by adjusting the DHN heat supply. For the 

comparison purpose, during the PCCS operation with AMP-PZ 

amine, the same DHN heat supply given for PCCS using MEA 

is used to measure the Gross power production as shown in  

Fig. 4 and Fig. 5 for MEA and AMP-PZ solvents, respectively. 

Initially for flue gas to PCCS at full load condition, the heat sup-

plied to DHN (Fig. 6) according to the availability of steam in 

the steam cycle. The reduced flue gas load conditions to PCCS 

reduce the steam requirement for amine regeneration, making 

more steam available for steam cycle power generation and in-

creasing the DHN heat supply without much possible change in 

gross power. Considering the nominal load of DHN heat supply 

as 54 MW and depending upon the load condition and fuel used 

in CCGT, Fig. 7 shows the % of nominal power at different flue 

gas load conditions of PCCS depending on fuel mixture as net 

energy is maintained between 129 MW to 132 MW. Followed 

by the various operating procedures of CCGT integrated with 

PCCS operations, the change in gross energy efficiency of the 

power plant is noticed in Fig. 8. Since the net energy production 

is maintained between 130 MW to 132 MW by adjusting heat to 

DHN, the net energy efficiency in all the PCCS load conditions 

has very slight differences. Figure 9 shows the total power con-

sumed by the equipment in CCGT and PCCS including the 

pumps, blowers, and CO2 compression system. 

Since the carbon capture efficiency of the solvents used in the 

PCCS is the same, PCCS captures 90% of CO2 from flue gases. 

Considering the highest CO2 capture from syngas of 18.62 kg/s, 

the nominal capture rate in percentage is given in Fig. 10. Due 

 

Fig. 2. CO2 emission from fuels mixed with syngas  

at different proportions. 

 

Fig. 3. CO2 emission from different fuels at the inlet of PCCS 

 increasing with the increase in flue gas load condition. 

Table 1. Performance of CCGT without PCCS operation. 

Parameters Unit Value 

Gross energy (power + heat) MW 192.37 

Net energy (power + heat) MW 138.37 

Net power MW 128.43 

Plant power consumption MW 9.94 

Gross energy efficiency % 72.84 

Net energy efficiency % 52.4 

Net power efficiency % 48.63 
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to the change in the amine stream and gas stream with respect to 

the CO2 content in the flue gas, the power consumption by PCCS 

varies. With the varying load conditions, the PCCS consumes 

5.5% to 11.4% of the power from CCGT for its use. The lower 

the flue gas load operated, the lower the power consumed by 

PCCS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Gross power generation of CCGT using fuel and fuel mixture 

with syngas and treating flue gas in PCCS  

at full load conditions using MEA. 

 

Fig. 5. Gross power generation of CCGT using fuel and fuel mixture 

with syngas and treating flue gas in PCCS  

at full load conditions using AMP-PZ. 

 

Fig. 6. Heat supplied to district heat network at full load condition  

of PCCS depending on fuel mixture as the net energy  

is maintained between 129 MW to 132 MW. 

 

Fig. 7. Percentage of nominal heat load variation in heat supplied to  

district heat network at different flue gas load conditions of PCCS. 

 

Fig. 8. Gross energy efficiency of CCGT using fuel mixture with  

syngas and treating flue gas in PCCS at variable load conditions. 

 

Fig. 9. Total power consumption of CCGT using different fuels and 

mixture of fuels with PCCS operated under different load conditions. 
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After the CO2 capture process, only 10% of CO2 is emitted 

into the atmosphere from PCCS operated at full load condition. 

When PCCS is operated at different load conditions, CO2 in flue 

gas diverted from PCCS is directly passed into the atmosphere. 

Hence, reducing load conditions in PCCS increases the CO2 

emission into the atmosphere. The CO2 emission is estimated by 

the procedure that when biogas produced from biomass is used 

as fuel and CCS is performed, the emission is considered as 

‘zero-emission’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When a syngas mixture with other fuels is used for combus-

tion, the CO2 emitted is estimated by the captured CO2 from the 

share of syngas and the CO2 emitted into the atmosphere 

according to the load changes in PCCS. When the flue gas load 

to PCCS is reduced, more amount of flue gas diverted from 

PCCS passes to the atmosphere and less amount of CO2 from 

the share of syngas enters PCCS, making it less possible to achi-

eve negative emission as in Fig. 11. The range of CO2 emission 

after PCCS varies from 8.36 kg/s to –4.28 kg/s depending upon 

the fuel mixture and PCCS flue gas load conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Analysis of PCCS using different solvents 

The model regulates the flow of amines based on the proportion 

of CO2 entering the PCCS at different load conditions and from 

flue gases produced by various fuels or mixtures of fuels, as il-

lustrated in Fig. 12 and Fig. 13 for PCCS using MEA and a blend 

of AMP-PZ, respectively. The requirement of MEA and AMP-

PZ changes according to the CO2 concentration in the flue gas 

and the rich loading of the amine used. Initially, the mass flow 

rate of lean amine necessary for capturing 14.63 kg/s of CO2 

produced by burning methane in a combined cycle gas turbine 

(CCGT) is calculated to be 136.68 kg/s for MEA and  

136.73 kg/s for AMP-PZ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The steam needed for the reboiler in PCCS is extracted from 

the LP turbine of CCGT at a temperature of 135°C and a pres-

sure of 3 bar. Considering the reboiler duty of MEA and AMP-

PZ, which is 3.8 MJ/kg-CO2 and 3.7 MJ/kg-CO2, respectively, 

the mass flow rate of steam required for processing 13.26 kg/s 

of captured CO2 in rich amines is calculated to be 23.19 kg/s for 

MEA and 22.58 kg/s for AMP-PZ. The model adjusts these ini-

tial calculated values based on the CO2 content in the rich amine. 

As the CO2 content varies, the mass flow rate of steam extracted 

from CCGT for the reboiler is adjusted, as shown in Fig. 14 and 

Fig. 15 for PCCS utilizing MEA and AMP-PZ solvents. 

 

Fig. 10. Percentage of nominal CO2 capture rate in PCCS at different 

load conditions from flue gases produced by different fuels. 

 

Fig. 11. CO2 emitted into the atmosphere after flue gas from different 

fuel mixtures treated in PCCS at different load condition. 

 

Fig. 12. Mass flow of lean MEA supplied to the absorber with PCCS 

operated under different load conditions to treat flue gases  

from different fuels and fuel mixtures. 

 

Fig. 13. Mass flow of lean AMP-PZ supplied to the absorber when 

PCCS operated under different load conditions to treat flue gases  

from different fuels and fuel mixtures. 
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The steam consumption by the reboiler for treating flue gases 

from a 25% N2-rich natural gas and 75% syngas fuel mixture is 

higher compared to that of other fuels. The steam consumption 

varies from 31.38 kg/s to 15.69 kg/s for using MEA and  

30.56 kg/s to 15.28 kg/s for AMP-PZ in operating PCCS at dif-

ferent load conditions. The minimum steam consumption for the 

reboiler among the fuels used is for methane, and varies from 

23.85 kg/s to 11.92 kg/s for MEA and 23.22 kg/s to 11.61 kg/s 

for AMP-PZ depending upon the load conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5. Indicators of CO2 emission level assessment 

With the data obtained from CCGT and PCCS using different 

fuels, mixtures of fuels and different solvents, the CO2 emission 

level assessment indicators are calculated using formulas given 

in [29]. Despite achieving a solvent CO2 capture efficiency of 

90%, due to the operational condition of PCCS, the CO2 capture 

ratio fluctuates with the operational conditions of PCCS. Specif-

ically, this ratio varies between 0.45 to 0.9, corresponding to 

50% and 100% of PCCS load, respectively. Depending upon the 

load conditions, the capture ratio varies as the CO2 capture is 

different from the CO2 generated when changing the load con-

ditions. The use of MEA and AMP-PZ in PCCS showed only 

minor differences in their impact on CCGT. Consequently, these 

differences did not significantly affect the specific emission and 

relative emissivity of CO2. 

Figures 16 and 17 illustrate the specific emission of CO2 

measured in g CO2/kWh, for a methane mixture with syngas and 

N2-rich fuel mixture with syngas, respectively. The relative 

emissivity of CO2 in g/kWh is measured with the heat input from 

the fuel to CCGT of 264 088.22 kW as in Figs. 18 and 19. The 

heat input by the fuel is the same for all the fuels and fuel mix-

tures used in CCGT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Steam consumption by the reboiler of PCCS using MEA  

solvent for flue gases from different fuels and mixture of fuels. 

 

Fig. 15. Steam consumption by the reboiler of PCCS using AMP-PZ 

solvent for flue gases from different fuels and mixture of fuels. 

 
Fig. 16. Specific emission of CO2 in g CO2/kWh measured varying 

 with PCCS load condition for the use of methane and its mixture  

with syngas in CCGT. 

 

Fig. 17. Specific emission of CO2 in g CO2/kWh measured varying 

 with PCCS load condition for the use of N2-rich fuel and its mixture 

with syngas in CCGT. 

 

Fig. 18. Relative emissivity of CO2 in g CO2/kWh measured varying 

with PCCS load condition for the use of methane and its mixture  

with syngas in CCGT. 
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When the PCCS process is not integrated into CCGT, the 

specific emission and relative emissivity measured from the 

power generation and CO2 emission for various fuels are ob-

served to be higher than the emission caused by CCGT as in  

Figs. 20 and 21 for the methane and N2-rich fuel mixture with 

syngas, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions  

The behaviour of CCGT integrated with PCCS hugely depends 

upon the type of fuel used in the gas turbine and the solvent used 

in PCCS. Since the steam required for the solvent regeneration 

is taken from the steam cycle of the power plant, it affects the 

overall efficiency and power generation. The modelling and 

simulation results obtained help to understand various thermo-

dynamic properties of CCGT as well as PCCS. From the data, it 

is observed that when integrating CCGT with PCCS, the PCCS 

consumes 5.5% to 10.5% of power from the power plant for its 

use depending upon the load conditions and steam used for sol-

vent regeneration. Considering the heat and power generation, 

and thermal efficiency of the power plant, the syngas mixture 

with both fuels at 50% helps achieve the possibility of zero or 

negative CO2 emission without much disturbance in the heat and 

power generation process. Also, the load conditions of flue gas 

from a 50% syngas mixture with both fuels can be adjusted from 

80% to 100% to PCCS to maintain a close-to-zero emission.  

The increase of syngas in the mixture with methane and  

N2-rich fuel increases the possibility of achieving ‘negative 

emission’ but on the other hand, the heat and power generation 

are reduced in the power plant, also it requires a huge resource 

of sewage sludge for the gasification process.  

The use of AMP-PZ has very slight differences when com-

pared to MEA in power consumption by PCCS, requirement of 

lean amine and heat supply to the reboiler. As referred to in [13], 

increasing the proportion of PZ in the solvent mixture can lower 

the regeneration rate, which will have a huge impact on the heat 

and power generation process of the power plant. 
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