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Abstract: 

The massive deployment of Renewable Energy (RE) over the last 10 years, in an attempt to reduce 
drastically the greenhouse gas emissions to limit the effects of global warming, is putting a severe 
constraint on classical thermal power production. Indeed, the inherent highly intermittent and uncertain 
character of RE in combination with the lacking storage capacity of batteries (especially for medium to 
long term) is requiring high flexibility from the classic thermal power production to ensure grid stability. 
Small-scale thermal production in Decentralized Energy Systems (DESs), possibly in Combined Heat 
and Power (CHP) applications like micro Gas Turbines (mGTs), offer high potential to provide this 
necessary flexibility. However, if we want to move towards a full carbon neutral society by 2050, these 
units cannot emit any greenhouse gases. Applying Carbon Capture (CC), offers a solution, yet this 
option was never found economically feasible for these small-scales (5-500kWe). Indeed, the post-
combustion chemical absorption process requires a considerable amount of energy, degrading the 
plant performances. The heat required to regenerate the solvent in the stripper column is the main 
contribution to the CC energy consumption. Therefore, to make carbon-clean mGTs more efficient and 
thus economically profitable, this energy penalty must be minimized. Next to a better integration of the 
different mGT and CC heat streams, selection of the appropriate solvent and process configuration will 
help reducing this energy penalty. In this respect, this work is a pre-study on the impact of the solvent 
and process selection on the energy consumption for the CC plant coupled with an mGT. Two 
amine(s)-based solvents are selected and investigated in this preliminary study: 
monoethanolamine (MEA) and a mixture of methyldiethanolamine (MDEA) with piperazine (PZ) 
implemented considering an InterCooling Absorber (ICA) configuration. To compare the potential of 
both solvents, the performance of an mGT, namely the Turbec T100, coupled with a chemical 
absorption plant is assessed for both cases using Aspen Plus. Firstly, the operating parameters, such 
as the solvent mass flow rate and the stripper pressure, have been optimized for the conventional 
MEA process, resulting in a decrease in the Specific Reboiler Duty from 4.53 MJ/kgCO2 to 3.86 
MJ/kgCO2. Next, the use of MDEA/PZ instead of MEA, after selecting the most suitable solvent 
composition and operating parameters, resulted in a specific reboiler duty of 3.22 MJ/kgCO2, 
corresponding to a 29.1% decrease compared to the conventional MEA process. Finally, the ICA 
configuration does not show any real improvement in CC performances.  
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1. Introduction 

The contribution of Renewable Energies (RE), like wind and solar, in electricity production has increased 
significantly in recent years. In Belgium, the share of the RE energy production in the total energy mix grew 
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by 31.8% from 2019 to 2020, accounting for 18.6% of the total electricity production in 2020 [1]. However, 
the unpredictable character of RE is adding severe constraints on the reliability and the stability of the 
electricity grid to keep demand and production balanced. Therefore, given the lacking storage capacity of 
batteries, high flexibility from classical thermal electricity production is required [2].  

In this context, small-scale thermal production in Decentralized Energy Systems (DESs), possibly in 
Combined Heat and Power (CHP) applications like micro Gas Turbines (mGTs), offer high potential to 
provide the necessary flexibility. Nevertheless, although burning of natural gas results in lower CO2 emission 
than others fossil fuels like coal or oil, reducing the carbon footprint of mGTs is essential to move towards a 
carbon-clean power production [3]. In this perspective, applying post-combustion Carbon Capture (CC) 
offers a solution to remove CO2 from mGT flue gases. 

Amine based absorption-regeneration process is widely used and commercially mature for removing CO2 
from flue gases [4]. Monoethanolamine (MEA) is the benchmark solvent given its high reactivity with CO2 
and its low price [5]. However, the MEA-based process is characterized by a high energy requirement for the 
absorbent regeneration due to the high decomposition enthalpy of carbamate formed by MEA and CO2 
(95 kJ/molCO2) [6]. Therefore, applying CC significantly reduces the plant efficiency. Moreover, the energy 
penalty is higher for GTs and more specifically for mGTs due to the low CO2 concentration in their exhaust 
gases. Indeed, mGTs operate with a high excess of air to limit the turbine inlet temperature for blade 
resistance constraints [7]. Applying Exhaust Gas Recirculation (EGR) is a way to increase the CO2 content in 
flue gases to decrease this energy penalty [8]. Giorgetti et al. [9] investigated the energy impact of coupling 
an mGT and a CC in series. The results showed that the CC reboiler duty is 4.43 MJ/kgCO2, which reduces 
the mGT electrical efficiency by 7.9 percentage points. Mansouri et al. [10] showed a decrease in electrical 
efficiency from 31.2% to 23% by adding CC to an mGT. Therefore, this reboiler duty has to be reduced to 
make carbon-clean mGT more efficient and thus economically profitable.  

The reduction of the CC energy requirement can be achieved by selecting a better amine(s)-based solvent. 
In this regard, methyldiethanolamine (MDEA) is a promising absorbent due to the low decomposition heat of 
bicarbonate formed by MDEA and CO2 (61 kJ/molCO2) [6]. Moreover, MDEA has numerous advantages 
such as low degradation and corrosion rate, high CO2 loading capacity, high resistance to thermal and 
oxidative degradation as well as environmental friendliness [11]. Nevertheless, the CO2 absorption by MDEA 
has a very slow reaction kinetics: the reaction rate constant of MDEA with CO2 at 25°C is 6.71 m3/kmol.s 
compared to 5939 m3/kmol.s for MEA [12]. Hence, an absorption rate activator is typically added to enhance 
the reaction of MDEA with CO2. Piperazine (PZ) is usually used as the promoter for boosting the CO2 
absorption rate of alkanolamines solvents due to its ability to quickly form carbamates with CO2 [13]. The 
CO2-PZ kinetic constant at 25°C is equal to 76000 m3/kmol.s [14]. The use of the MDEA/PZ blend as solvent 
for post-combustion carbon capture has already been investigated by several researchers. Mudhasakul et 
al. [11] simulated a natural gas sweetening process using an MDEA/PZ blend. They concluded that the PZ 
concentration has a significant impact on the process performances and found that 5 wt.% of PZ mixed with 
45 wt.% of MDEA is the most appropriate blend composition. Zhao et al. [6] showed that a 
20 wt.% PZ/30 wt.% MDEA is the most suitable solvent solution for post-combustion capture in a 650 MW 
coal fired power plant, which results in a reboiler duty of 2.74 MJ/kgCO2. Khan et al. [15] selected a 
35 wt.% MDEA/15 wt.% PZ solvent concentration and obtained a reboiler duty of 3.235 MJ/kgCO2. Finally, 
Dubois et al. [16] demonstrated that replacing the conventional 30 wt.% MEA solvent by a 
30 wt.%PZ/10 wt.% MDEA solution induces a decrease in the regeneration energy from 3.36 MJ/kgCO2 to 
2.75 MJ/kgCO2 to remove CO2 from cement plant flue gases. However, the impact of the MDEA/PZ solvent 
to remove CO2 from mGT exhaust gas (with a lower CO2 content) has not been investigated. Note that more 
resistant solvents against degradation than MDEA/PZ are available and could lead to better 
performances [17]. However, these solvents are much complex and their exact composition is difficult to 
obtain.  

Next to the careful selection of the solvent, further reduction in CC energy consumption can also be achieved 
by improving the process configuration. For example, the absorber intercooling configuration (ICA) is an 
absorption enhancement modification which aims to increase the solvent CO2 loading at the absorber 
outlet [16]. Li et al. [5] demonstrated that the absorber intercooling can lead to 1.8 % reduction in 
regeneration energy for the MEA-based process. Zhao et al. [6] showed that a 12.6 % decrease in reboiler 
duty can be achieved with ICA, corresponding to a reduction of the net efficiency penalty from 8.49% to 
7.92% for a MDEA/PZ-based CC applied to a coal-fired power plant. However, again, no specific studies are 
performed on application with specific low CO2 content, as those found in the mGT.  

Due to the lack of studies dealing with the CC process improvement for mGT application, a preliminary 
investigation allowing to select the most appropriate solvent and process configuration is needed. To this 
end, during the work presented in this paper, we investigated the effect of using various MDEA/PZ blends 
with the conventional CC configuration as well as absorber intercooling on the CC energy demand for a 
typical mGT, the Turbec T100. The most appropriate MDEA/PZ solvent proportion will be selected. 
Moreover, the different operating parameters will be optimized with the aim to minimize the reboiler duty. The 
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paper is structured as follows: the simulation approach is first described. Then, the results are presented and 
discussed and followed by a comparison between solvents and configurations in terms of energy 
consumption. Finally, the conclusion section summarizes the main outcomes of this work. 

2. Simulation approach 

In this section, a general description of the mGT, the CC and the CC with absorber intercooling plants is 
presented and each numerical model, implemented in Aspen Plus, is detailed. 

2.1. Micro gas turbine 

For this study, we used the Turbec T100 mGT, which operates according to the typical recuperated Brayton 
cycle (Fig 1). Fresh air enters in the compressor which increases the pressure depending on the requested 
power output by a ratio of 3 to 5 (1). Next, the compressed air is preheated in the recuperator using the 
remaining heat of the exhaust gases leaving the turbine (2). Preheating the air before combustion allows to 
increase the efficiency of the mGT. In the combustion chamber, natural gas is burnt with air to increase the 
flue gases temperature from typically 590°C to 950°C (3). Although the global efficiency of the cycle 
increases with increasing turbine inlet temperature (TIT), the TIT is limited to 950°C to avoid damaging the 
turbine blades (no turbine cooling). The expansion of the hot gases in the turbine provides power to the 
shaft (4). The power is partially used by the compressor and the remainder is converted into electrical power 
by the generator (5). After the flue gases have passed through the recuperator, the residual heat is 
recovered in the economizer to produce thermal power by generating hot water/steam (6). By including this 
last step, the mGT operates in CHP-mode. In this classical configuration, the CO2 content of the flue gases is 
very low (1.7 vol.%), hence EGR offers a solution to increase this fraction up to 4.3 vol.%. EGR is performed 
by splitting and recirculating part of the exhaust gases into the mGT cycle. Recirculating gases are 
cooled (7), separated from condensed water (8), driven by a blower (9) and filtered, to remove possible 
impurities, before entering the compressor (10).  

The mGT with EGR cycle is simulated using Aspen v9.0 as described in [8]. The requested electrical power 
output is set to the nominal power of 100kWe. The EGR ratio, which is defined as the ratio between the 
volumetric flow rates of recirculating gases and exhaust gases, is adapted to obtain a concentration of 
oxygen in the combustor inlet of 16 vol.%. This fraction corresponds to the minimal O2 amount ensuring a 

stable combustion and limiting CO emissions [8].   

2.2. Conventional carbon capture configuration 

The conventional carbon capture process, illustrated in Fig. 2, is composed of two columns: absorber and 
stripper columns. Flue gases are fed into the bottom of the absorber, while the lean solvent, an aqueous 
solution of amine(s), is fed at the top (1). The liquid solvent, by interacting with the gas phase, absorbs the 
CO2 and exits from the bottom of the absorber with a higher content of CO2 (rich solvent), while the gases, 
cleaned from about 90% of CO2, are released at the top. The absorption process occurs typically at 40°C 

 

 
Fig. 1.  The Turbec T100 is a typical recuperated Brayton mGT cycle. The concentration of CO2 in the 
flue gases is increased by performing Exhaust Gas Recirculation (EGR), which consists of recirculating a 
fraction of the exhaust gases into the mGT cycle (in orange) 
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and at atmospheric pressure. Then, the rich solvent is pumped (2) into a heat exchanger (3), where it is 
heated by the lean solvent exiting the stripper column and is fed at the top of the stripper (4). The solvent is 
regenerated into the stripper by heat input through the bottom reboiler (5). The regeneration process is 
performed in a temperature range of 100-150°C and a pressure range of 1.2-5 bar depending on the solvent. 
The CO2 leaves the top, after passing through the condenser, where most of the water is removed allowing 
to reach a CO2 purity of about 90 wt.% (6). Then, the captured CO2 is generally compressed and can be e.g. 
stored in geological storage or converted into valuable compounds such as methane or methanol. The 
regenerated solvent exits the desorber bottom, is pumped (7) through the heat exchanger (3), and is 
cooled (8) before entering the absorber top. Moreover, at the top of both columns, a water-wash process is 
usually installed to remove solvent residues carried out by flue gas or CO2 stream. This washing process has 

not been considered in this work due to its limited influence on the absorption-regeneration performances.  

The CC plant model is based on the works of Giorgetti et al. [9]. The CC plant has been modelled upon the 
model of the Pilot-scale Advanced Capture Technology (PACT) facilities at the UK Carbon Capture and 
Storage Research Centre (UKCCSRC). The model of Giorgetti has been validated against experimental and 
numerical results of Agbonghae et al. [18]. More details about the model validation can be found in [19]. 
Giorgetti et al. [9] made some modifications on the column dimensions so that the entire mGT flue gas flow 
rate can be treated. The absorber and stripper column specifications are presented in Table 1. Moreover, in 
Giorgetti’s model, the reboiler duty was supplied by an external natural gas-fired boiler and the flue gases of 
this external boiler are injected together with mGT flue gases at the CC plant inlet. Nevertheless, we opted in 
the present work to not define the thermal energy source and, thus, not consider the external boiler, since we 
aim to focus on the impact of solvents, pressure, and configuration on the CC process performances 
themselves. This was done to better understand these impacts, and to avoid any possible interference of the 
boiler on the performance (in the form of higher CO2 content in the flue gases).  

 

 
Fig. 2.  The CC plant is a conventional amines-based absorption-regeneration process. The intercooling 
absorber aims to reduce the solvent temperature inside the absorber (in red). 

 

 

Table 1.  Column specifications. 

Absorber height 6 m  

Absorber diameter 0.6 m 

Stripper height 6 m 

Stripper diameter 0.4 m 

Packing type of the column IMPT 

Packing size 

Absorber pressure 

Absorber temperature 

Stripper pressure 

Stripper temperature 

38 mm 

1 atm 

40 °C 

1.2 bar 

100 °C 
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The model has been developed in Aspen Plus v9. The thermodynamics models used are the Electrolyte 
Non-Random Two Liquid (ENRTL) model for electrolyte properties in liquid phase and the PC-SAFT 
equation of state for vapor phase. The model properties parameters were taken from [20] and [21]. The 
absorber and the stripper columns were simulated using the Aspen Plus RadFrac model and the rate-based 
approach was used [22]. The HanleyIMPT model has been applied for the mass transfer and the interfacial 
area calculations. The absorption and stripping columns have been divided in 30 calculation stages in the 
simulations. The capture efficiency has been set to 90% for all the simulations, as is commonly done in 
similar cases in literature. To facilitate convergence and reach this capture efficiency, several design 
specifications have been implemented: the CO2 flow rate in the lean aqueous solution is adjusted to reach an 
absorption efficiency of 90% and the reflux ratio of the stripping column is determined to extract the exact 
CO2 mass flow rate previously captured in the absorber. More details about simulations parameters can be 
found in [9].  

2.3. Conventional capture configuration with absorber intercooling 

The CO2 absorption with chemical reaction is an exothermic process. Therefore, the solvent temperature 
increases along the absorber. This higher temperature results in an increase of the CO2 partial pressure due 
to the shift of the absorption equilibrium and has an effect on the reaction kinetics. As a consequence, the 
CO2 absorption capacity of the solvent is reduced. Inserting an intercooler in the absorption column to cool 
down the solvent can increase its absorption capacity [5,6]. The configuration with the addition of the 
intercooler system is shown in Fig. 2 (red parts). The intercooler is placed in the middle of the absorber. The 
entire flow of liquid solvent circulates in the intercooling loop. The pump efficiency is set to 0.8 and the 
cooling temperature is 40°C.  

3. Results and discussion 

In this section, the results obtained with both MEA and MDEA/PZ solvents as well as with conventional and 
intercooled absorber configurations are presented and discussed. To perform a relevant comparison 
between solvents, the CC process has been optimized for each case by analysing the impact of some 
operating parameters such as the mass flow rate of the amines solution and the stripper pressure. 
Subsequently, a comparison between optimal processes have been carried out. 

The outputs of the mGT+EGR model have been used as inputs of the CC models. The mGT flue gas 
properties are presented in Table 2. Note that flue gases were cooled down to 40°C before entering the CC 
plant. In this case, no condensate is produced given that the dewpoint of flue gases is just below 40 °C. If it 
was not the case, the addition of a separator is necessary to remove the condensate (as in the EGR loop). 

Table 2.  Properties of the mGT-EGR cycle flue gas entering the CC plant. 

Mass flow rate 0.291 kg/s  

Temperature 40°C 

Composition   

N2 

CO2 

H2O 

O2 

79.01 vol.% 

4.31 vol.% 

4.26 vol.% 

12.42 vol.% 

 

Note that NOx emissions are not considered in our simulations. Indeed, in steady-state simulations, the 
absorption of impurities, such as NOx, in the CC plant will not impact the performances. These species will 
have an impact on the solvent degradation after several absorption-regeneration cycles, representing 
phenomena with considerable time constants. However, this analysis is outside the scope of this paper. 
Moreover, mGT NOx emissions are lower than large-scale gas turbines emisisons due to the limiting 
temperature at the outlet of the combustion chamber (e.g below 15 ppm for the Turbec T100 [23]). In 
addition, performing EGR even leads to more reduced NOx emissions. Consequently, the impact of NOx on 
the CC plant is expected to be rather limitative. 

3.1. Conventional configuration with MEA 

This section focuses on the optimisation of the MEA conventional process by analysing the impact of the 
solvent flow rate and the stripper pressure on the reboiler duty. 

3.1.1 Solvent circulation rate effect 

The solvent flow rate, expressed as the ratio between the liquid amines and the flue gas mass flow rates 
(L/G), has a strong impact on the Specific Reboiler Duty (SRD) as presented in Fig. 3(a). The SRD, defined 
in Eq.(1), is the ratio between the reboiler duty of the stripping column and the mass flow rate of CO2 
captured by the CC plant.   
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SRD =
Preboiler

�̇�𝐶𝑂2

 (1) 

On the one hand, increasing the L/G ratio requires a higher energy input to heat up the solvent flow rate 
(Fig. 3(a)). On the other hand, lower L/G ratios than the optimal one lead to a significant increase in the 
SRD. Indeed, to operate at similar CO2 removal rate, decreasing the solvent flow rate leads to an increase in 
CO2 cyclic capacity, which is the difference between the CO2 loading of lean and rich solvents as observed 
in Fig. 3(b). However, once the L/G ratio becomes very low, the lean solvent CO2 loading drastically 
decreases to compensate the reduction in solvent flow rate by increasing the CO2 cyclic capacity to maintain 
the same capture efficiency. Therefore, the solvent circulating in the stripper has a lower CO2 content, which 
means that an additional energy input is needed to keep the driving forces constant [9]. Accordingly, there is 
an optimal L/G ratio which minimizes the regeneration energy. The optimal L/G ratio is about 1.2 kg/kg and 
corresponds to an SRD of 4.53 MJ/kgCO2 for a stripper pressure of 1.2 bar and a reboiler temperature of 
about 100°C. 

Besides, Fig. 3(a) presents a comparison with the model of Giorgetti et al. [9]. We can observe that Giorgetti 
obtained a higher optimal L/G ratio (1.4 kg/kg) corresponding to a lower SRD (4.43 MJ/kgCO2). This 
difference can be explained by the fact that Giorgetti uses a natural gas fired boiler to provide the thermal 
energy to the stripper as explained previously. Indeed, the external boiler operates in 10% air excess and the 
boiler exhaust gases are injected at the CC inlet with the mGT flue gases. Consequently, the mass flow rate, 
but more importantly the CO2 concentration of the inlet gas are higher with the use of an external boiler. This 
results in a lower energy requirement for the regeneration process.  

3.1.2 Stripper pressure effect 

The effect of the regeneration pressure has been investigated by performing simulations using different 
stripper pressure levels (see Fig. 4(a)). We can observe that increasing the stripper pressure allows to 
reduce the reboiler duty. For an elevation of the boiler pressure from 1.2 bar to 2.1 bar, the SRD decreases 
from 4.53 MJ/kgCO2 to 3.86 MJ/kgCO2. Moreover, the optimal L/G ratio decreases from 1.2 to 0.9 for the 
same pressure augmentation. This optimal L/G ratio reduction is due to an increase of the CO2 cyclic 
capacity from 0.240 molCO2/molMEA to 0.316 molCO2/molMEA to operate at a constant CO2 removal rate. The 
diminution of the regeneration energy requirement results not only from the lower optimal solvent flow rate, 
but also from the decrease of the ratio between the partial pressure of H2O and CO2 due to an equilibrium 
shift in the amines solution [24]. Therefore, a reduced water amount is evaporated in the stripper to capture 
the same quantity of CO2 and the energy contribution for the water vaporization is smaller. Furthermore, 
higher pressure results in higher temperature in the stripper column as presented in Fig. 4(b). However, high 
temperature enhances amine degradation and can lead to corrosion problems. Therefore, it is recommended 
for MEA 30 wt.% to constrain the reboiler temperature to a maximum of 125°C [25]. Consequently, the 
pressure of 2.1 bar seems to be the best compromise between CC energy requirement and amines thermal 
stability. 

We can note that, in the condenser, the higher temperature does not significantly influence the condenser 
heat duty given the increase in condensing temperature. Indeed, the condenser duty is about 10 kW for each 
considered stripper pressure. Therefore, a higher stripper pressure does not make heat recovery from the 
condenser more profitable. 

3.2. Conventional configuration with MDEA-PZ blend 

 

  
Fig. 3.  a) The L/G ratio has an important influence on the specific reboiler duty and the optimal L/G 
depends on the CO2 fraction in flue gases b) The difference between the rich and lean loadings rises 
while the L/G ratio reduces to keep the CO2 removal rate at 90%. 
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In this section, the results obtained with the MDEA/PZ solvent are presented. The optimal solvent 
composition has been first determined, followed by the investigation of the stripper pressure effect on the 
reboiler duty.  

3.2.1. MDEA/PZ ratio effect  

As presented in the introduction, PZ is added to MDEA for promoting the solvent reaction with CO2. 

Therefore, compared to the conventional MEA 30 wt.% process, the PZ concentration in the solvent is a new 
parameter to consider. In this regard, different MDEA/PZ proportions have been investigated in this work to 
find the optimal one. Similar to the conventional MEA process, a fixed total amine concentration (PZ+MDEA) 
of 30 wt.% and stripper pressure of 1.2 bar are considered.  

Replacing MDEA by PZ reduces the reboiler duty, as can be seen in Fig. 5. For example, the SRD 
decreases from 4.42 MJ/kgCO2 to 4.05 MJ/kgCO2 by increasing the PZ concentration from 10 wt.% to 
15 wt.%. However, the change in PZ concentration from 15 wt.% to 20 wt.% does not show any significant 
modification. Higher PZ concentrations than 20 wt.% are not recommended due to the increase in solvent 

viscosity, volatile amines losses and solvent precipitation [26]. By comparing with the conventional 
30 wt.% MEA solution, the 15 wt.% PZ/15 wt.% MDEA solution shows a 10.6% reduction of the SRD and a 
decrease in the optimal L/G ratio from 1.2 to 0.9.  

For both lean and rich solvents, the CO2 loading increases as the PZ concentration increases (see Fig. 6). It 
can be also noted that the lean CO2 loading tends to zero when the L/G ratio is low. This results in a sudden 
increase in the reboiler duty for suboptimal L/G ratio. Therefore, a slight decrease in the solvent flow rate can 
result in a drastic increase of the SRD, which can seriously affect the robustness of the process. 
Nevertheless, this effect is less pronounced with the 10 wt.% MDEA/ 20 wt.% PZ solvent due to the higher 
lean CO2 loading near the optimal L/G ratio. Consequently, the 20 wt.% PZ content is selected as the most 
appropriate concentration. The minimal regeneration energy is about 4.12 MJ/kgCO2 at a L/G ratio of 
1 kg/kg. 

3.2.2 Stripper pressure effect 

 

 
Fig. 5.  The addition of piperazine in the MDEA-based solvent allows to reduce the specific reboiler duty. 

 

 

 

  
Fig. 4.  a) Regenerating the solvent at higher pressure has a positive impact on the reboiler duty, b) The 
stripper pressure is limited by the reboiler temperature to limit amines degradation. 
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As for the MEA process, the effect of the stripper pressure on the CC performances has been evaluated for 
the MDEA 10 wt.%/PZ 20 wt.% blends. This MDEA/PZ blend is more resistant against thermal degradation 
and corrosion than the MEA 30 wt.% solvent. Therefore, the regeneration process can be performed up to a 
reboiler temperature of 150°C [16]. As shown in Fig. 7, the stripper can operate up to a pressure of 5 bar. As 
for MEA, increasing the stripper pressure has a positive impact on the thermal energy consumption. The 
reboiler duty decreases from 4.12 MJ/kgCO2 to 3.22 MJ/kgCO2 as the stripper pressure increases from 1.2 

to 5 bar. However, it should be noted that a small decrease in L/G ratio near the optimal operating point 
leads to a significant increase in SRD. Therefore, operating at higher regeneration pressure seems less 
optimal from a robustness point of view. Another point is that working under higher pressure requires some 
adaptations, which increases the CAPEX of the CC plant.  

3.3.  Absorber intercooling configuration 

The absorber intercooling has been applied on the CC process with optimized parameters, determined in the 
previous section, for both MEA 30 wt.% and MDEA 10 wt.%/PZ 20 wt.% solvents. Contradictory to what was 
expected, the intercooling has only a limited influence on the reboiler duty for MEA and almost no influence 
for MDEA for the mGT-EGR case (Fig. 8). For example, the intercooling reduces the SRD from 3.86 
MJ/kgCO2 to 3.76 MJ/kgCO2 for MEA (2.59% decrease) and from 3.22 MJ/kgCO2 to 3.21 MJ/kgCO2 (0.31% 
decrease) for MDEA/PZ at the optimal L/G ratios. To explain this moderate performance improvement, the 
solvent temperature profiles along the absorber are shown in Fig. 9. We can observe that cooling down the 
solvent to 40°C changes more significantly the temperature profiles for MEA than for MDEA/PZ. However, 
the temperature level in the absorber is quite low for both solvents (up to 50-55°C). By comparison, 
Dubois et al. [16] obtained a temperature up to 85°C into the absorber for the treatment of flue gases 
containing 20 vol.% of CO2. Accordingly, the low CO2 content in mGT flue gases (4.31 vol.%) induces a 
lower heat of reaction and thus lower absorber temperature. Hence adding intercooling will only moderately 
affect the performance.  

In consequence, performing absorber intercooling for the CO2 capture applied to mGT flue gases does not 
really provide any significant benefit for the MDEA/PZ solvent. In contrast, intercooling could be benefit for 

 

  
Fig. 6.  The CO2 in the rich (a) and lean (b) solvent increases with the PZ content. 

 

 

 

  
Fig. 7.  (a) The increase in stripper pressure is advantageous from an energy requirement point of view, 
(b) The use of MDEA/PZ solvent allows to operate under high stripper pressure due to the high thermal 
stability of the solvent 
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the MEA solvent. Cooling down the solvent to a lower temperature should lead to a higher benefit on the 
regeneration energy. Reaching a lower temperature is however not feasible with an air-cooled cooler and the 

cooling energy will not be free. The optimisation of the intercooling position into the column could also 
potentially lead to a higher impact on the temperature profile. Nevertheless, additional utilities and 
operational costs are to be considered to assess the real interest of this configuration. This can only be done 
in a full thermo-economical analysis, which is outside the scope of this work. 

3.4 Comparison of the processes 

To assess the impact of all modifications on the cycle performance, a global comparison between both 
solvents, 30 wt.% MEA and 10 wt.% MDEA/20 wt.% PZ, with the conventional configuration, at the highest 
stripper pressure (2.1 bar for MEA and 5 bar for MDEA/PZ) and with the absorber intercooling configuration 
(at the highest stripper pressure) is performed (Fig. 10). For each case, the operation at the optimal L/G ratio 
has been considered. A first observation that can be made is that the SRD is lower for the MDEA/PZ solvent 
for each process compared to MEA. The absorber intercooling configuration with the MDEA/PZ solvent 
results in the lowest reboiler duty. Compared to the conventional MEA process, the SRD is reduced from 
4.53 MJ/kgCO2 to 3.21 MJ/kgCO2, corresponding to an SRD decrease of 29.1%. Note that the MDEA/PZ 
process under a stripper pressure of 5 bar without intercooling almost achieved the same SRD reduction 
(3.22 MJ/kgCO2). It should be noted that operating under a higher stripper pressure for MDEA/PZ involves 
more power consumed by pumps in the process compared to MEA which operates at a lower stripper 

 

  
Fig. 9.  The cooling of the solvent induces a small change in the temperature profile in the absorber for the 
MEA (a) and the MDEA/PZ (b) solvents 

 

 

 

 
Fig. 8. Performing absorber intercooling does not reduce significantly the regeneration energy due to the 
low CO2 content in mGT flue gases. 
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pressure (Fig. 10(c)). These involved power consumptions are however negligible compared to the reboiler 
duty values shown in Fig. 10(b). We can also observe that adding the intercooling absorber has a minor 
effect on the pump consumption.  

Then, the impact of each CC process on the mGT electrical efficiency has been evaluated. The electrical 
efficiency η𝑒  is defined as follows:  

η𝑒 =
𝑃𝑒𝑙−𝑃𝑝𝑢𝑚𝑝𝑠

𝐿𝐻𝑉𝑁𝐺 �̇�NG+𝑃𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟
 (2) 

where Pel is the mGT electrical power output, Ppumps the power consumed by the pumps in the CC plant, �̇�NG 
the mass flow rate of natural gas burnt in the mGT combustion chamber and Preboiler the thermal power 
provided to the reboiler of the stripping column. The MDEA/PZ process under a stripper pressure of 5 bar 
gives the highest electrical efficiency. The electrical efficiency is increased from 22.1%, using the 
conventional MEA process, to 23.3% by changing the solvent. In other words, the efficiency penalty induced 
by the CC application has been reduced from absolute 4.67% to 3.5%. Nevertheless, it should be 
emphasized that these electrical efficiencies are possibly slightly overestimated given that we have not yet 

 

  

 

  

 

  

 

Fig. 10.  The comparison of the specific reboiler duty (a), the reboiler duty (b), the pumps power 
consumption (c), the global electrical efficiency (d), the reboiler temperature (e) and the exergy 
efficiency (f) between the 30 wt.% MEA and the 10 wt.% MDEA/20 wt.% PZ for the conventional process, 
at the highest stripper pressure (2.1 bar for MEA and 5 bar for MDEA/PZ) and with the absorber 
intercooling configuration, highlights that 10% MDEA with intercooling leads to the lowest SRD and 
energy penalty. 
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considered an efficiency transfer of the thermal energy input for the reboiler since the energy source has not 
been defined. However, we observed previously that using an external boiler for this purpose allows to 
reduce the SRD due the higher CO2 content in gas at the inlet of the CC. Another point is that usually a 
blower is used to convey flue gases from the mGT outlet to the CC inlet. This blower has not been modelled 
in the present analysis and therefore its impact on the performances has not been considered. 

Finally, a comparison of the different processes in terms of exergy efficiency has been performed. The 
exergy efficiency is calculated as follows:  

η𝑒 =
𝑃𝑒𝑙−𝑃𝑝𝑢𝑚𝑝𝑠

𝑥𝑁𝐺 𝑚𝑁𝐺̇ +�̇�𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟
 (3) 

where 𝑥𝑁𝐺  is the chemical exergy of the natural gas and �̇�𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 the exergy rate supplied to the reboiler. The 
fuel chemical exergy 𝑥𝑁𝐺  is calculated with Eq. (4), applicable to gaseous hydrocarbons fuels as CaHb [27]. 

𝑥𝑁𝐺

𝐿𝐻𝑉𝑁𝐺
≅ 1.0330 + 0.0169

𝑎

𝑏
−

0.0698

𝑎
 (4) 

For the reboiler exergy �̇�𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 calculation, since the heat source has not been defined in this work, the 
exergy transfer has been considered as heat transfer occurring at the reboiler temperature (Fig. 10(e)). 
Therefore, the reboiler exergy is calculated as follows:  

�̇�𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 = 𝑃𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 (1 −
𝑇0

𝑇𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟
) (5) 

where 𝑇0 is the reference temperature, taken at 288.15 K. The exergy efficiencies are quite similar for all 

cases (≅ 25%) (Fig. 10(f)) given that the major fraction of the exergy flows is linked to the mGT part [28], 
which is the same for all cases. We can nevertheless observe that the exergy efficiency is slightly higher for 
the MDEA/PZ process for the conventional and high stripper pressure, as well as the small positive effect of 
absorber intercooling on the MEA case. In summary, this exergy comparison does not allow to clearly 
highlight the benefit from changing the solvent or operating condition because the heat exchange at the 
reboiler has not been taken into account. Indeed, generally heat is transferred to the reboiler from a hot 
stream and a consequent exergy fraction is destroyed in the heat exchange process [29]. Therefore, once 
the heat input process is determined and a more effective energy integration between the mGT and the CC 
is performed, it will be interesting to repeat out this exergy analysis to compare the different processes. 

4. Conclusions 

The objective of this study was to evaluate the impact of the solvent and process selection on the energy 
consumption of carbon capture applied to a mGT with EGR. The use of the MDEA 10 wt.%/PZ 20 wt.% 
solvent and the absorber intercooling for post-combustion CC applied to mGT flue gases has been 
investigated using the Aspen Plus software. The mGT cycle and conventional MEA 30 wt.% process were 
modelled using previous works, in which experimental data were used to validate these models, as starting 
point. Several process parameters, including the solvent flow rate and the stripper pressure, have been 
optimised for each case in order to reduce the reboiler duty. 

Firstly, the optimization of the solvent circulation rate and the stripper pressure (2.1 bar) for the MEA 
conventional process results in a decrease in the SRD from 4.53 MJ/kgCO2 to 3.86 MJ/kgCO2 under a 90% 
CO2 removal rate. Then, the 10 wt.% MDEA/20 wt.% PZ ratio has been selected as the most appropriate 
solvents concentrations. At the optimal stripper pressure of 5 bar, this MDEA/PZ blend allows to reach a 
SRD of 3.22 MJ/kgCO2 corresponding to a decrease of 29.1% compared to the conventional MEA process. 
Regarding the mGT performances, this energy penalty reduction corresponds to an increase in the electrical 
efficiency from 22.1% to 23.3%. As a consequence, the selection of the MDEA/PZ solvent for removing CO2 
from mGT flue gases leads to a significant benefit. Finally, the addition of an intercooler in the middle of the 
absorber column does not significantly improve the CC performances due to the low CO2 content in the mGT 
flue gas leading to a limited increase of the temperature level inside the absorber.  

In future works, other process modifications such as the Rich Vapor Compression (RVC) and the Cold 
Solvent Split (CSS) will be investigated to further reduce the reboiler duty. Once the most appropriate CC 
process has been selected, future research will focus on the energy integration between the mGT and the 
CC plant through an exergy analysis to reduce the energy penalty. 

Acknowledgments 

The authors would like to acknowledge the financial support received from the FPS Economy, Energy 
Transition Fund (Project BEST).  

References  



12 
 

[1] Elia. Belgium’s electricity mix in 2020: Renewable generation up to 31% in a year marked by the 
COVID-19 crisis [Internet]. 2020 [cited 2021 Mar 10]. Available from: 
https://www.elia.be/en/news/press-releases/2021/01/20210107_belgium-s-electricity-mix-in-2020 

[2] Pickard WF et al. Addressing the intermittency challenge: Massive energy storage in a sustainable 
future [Scanning the Issue]. Proc IEEE. 2012;100(2):317–21.  

[3] European Union. 2050 long-term strategy | Climate Action [Internet]. [cited 2021 Mar 2]. Available 
from: https://ec.europa.eu/clima/policies/strategies/2050_en 

[4] Leung DYC et al. An overview of current status of carbon dioxide capture and storage technologies. 
Vol. 39, Renewable and Sustainable Energy Reviews. Elsevier Ltd; 2014. p. 426–43.  

[5] Li K et al. Systematic study of aqueous monoethanolamine-based CO2 capture process: Model 
development and process improvement. Energy Sci Eng. 2016;4(1):23–39.  

[6] Zhao B et al. Enhancing the energetic efficiency of MDEA/PZ-based CO2 capture technology for a 
650 MW power plant: Process improvement. Appl Energy. 2017 Jan 1;185:362–75.  

[7] Akram M et al. Performance evaluation of PACT Pilot-plant for CO2 capture from gas turbines with 
Exhaust Gas Recycle. Int J Greenh Gas Control. 2016 Apr 1;47:137–50.  

[8] De Paepe W et al. Exhaust gas recirculation on humidified flexible micro gas turbines for carbon 
capture applications. In: Proceedings of the ASME Turbo Expo. American Society of Mechanical 
Engineers (ASME); 2016.  

[9] Giorgetti S et al. Carbon capture on micro gas turbine cycles: Assessment of the performance on dry 
and wet operations. Appl Energy. 2017;207:243–53.  

[10] Mansouri Majoumerd M et al. Micro gas turbine configurations with carbon capture - Performance 
assessment using a validated thermodynamic model. Appl Therm Eng. 2014 Dec 5;73(1):172–84.  

[11] Mudhasakul S et al. A simulation model of a CO2 absorption process with methyldiethanolamine 
solvent and piperazine as an activator. Int J Greenh Gas Control. 2013 Jul 1;15:134–41.  

[12] Sema T et al. A novel reactive 4-diethylamino-2-butanol solvent for capturing CO 2 in the aspect of 
absorption capacity , cyclic capacity , mass transfer , and reaction kinetics. 2015;(May).  

[13] Ibrahim AY et al. Effects of piperazine on carbon dioxide removal from natural gas using aqueous 
methyl diethanol amine. J Nat Gas Sci Eng. 2014 Nov 1;21:894–9.  

[14] Derks PWJ et al. Kinetics of absorption of carbon dioxide in aqueous piperazine solutions. Chem Eng 
Sci. 2006;61(20):6837–54.  

[15] Khan AA et al. Experimental investigation on efficient carbon dioxide capture using piperazine (PZ) 
activated aqueous methyldiethanolamine (MDEA) solution in a packed column. Int J Greenh Gas 
Control. 2017;64(September):163–73.  

[16] Dubois L et al. Comparison of various configurations of the absorption-regeneration process using 
different solvents for the post-combustion CO2 capture applied to cement plant flue gases. Int J 
Greenh Gas Control. 2018;69(March 2017):20–35.  

[17] Singh A et al. Shell Cansolv CO2 capture technology: Achievement from first commercial plant. 
Energy Procedia. 2014;63:1678–85.  

[18] Agbonghae EO et al. Experimental and process modelling study of integration of a micro-turbine with 
an amine plant. Energy Procedia. 2014;63:1064–73.  

[19] Giorgetti S et al. Carbon Capture on a Micro Gas Turbine: Assessment of the Performance. In: 
Energy Procedia. Elsevier Ltd; 2017. p. 4046–52.  

[20] Zhang Y et al. Thermodynamic modeling for CO2 absorption in aqueous MEA solution with electrolyte 
NRTL model. Fluid Phase Equilib. 2011 Dec 15;311(1):67–75.  

[21] Chen C. Thermodynamic Modeling for CO2 Absorption in Aqueous MDEA Solution with Electrolyte 
NRTL Model. 2011;176–87.  

[22] Zhang Y et al. Rate-based process modeling study of CO2 Capture with aqueous monoethanolamine 
solution. Ind Eng Chem Res. 2009;48(20):9233–46.  

[23] Turbec Spa. T100 Microturbine System. Tech Descr T100 [Internet]. 2009;1–17. Available from: 
http://people.unica.it/danielecocco/files/2012/07/Microturbina_T100_Detailed_Specifications1.pdf 

[24] Warudkar SS et al. Influence of stripper operating parameters on the performance of amine 
absorption systems for post-combustion carbon capture: Part I. High pressure strippers. Int J Greenh 
Gas Control. 2013;1–9.  

[25] Biliyok C et al. Evaluation of natural gas combined cycle power plant for post-combustion CO2 
capture integration. Int J Greenh Gas Control. 2013 Nov 1;19:396–405.  

[26] Frailie. Modeling of Carbon Dioxide Absorption / Stripping by Aqueous Methyldiethanolamine / 



13 
 

Piperazine. University of Texas; 2014.  

[27] Montero Carrero M et al. Does humidification improve the micro Gas Turbine cycle? Thermodynamic 
assessment based on Sankey and Grassmann diagrams. Appl Energy. 2017 Oct 15;204:1163–71.  

[28] Giorgetti S et al. Optimal design and operating strategy of a carbon-clean micro gas turbine for 
combined heat and power applications. Int J Greenh Gas Control. 2019 Sep 1;88:469–81.  

[29] Calbry-Muzyka AS. Comparative analysis of CO2 capture systems: an exergetic framework. PhD 
Thesis. Stanford University; 2015.  

 

 

 

 

 

 

 


