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Abstract: Environmental preservation presents numerous challenges, particularly in capturing carbon dioxide.
Despite multiple studies on this topic, there remains a need for additional capture plants, particularly in the
energy sector. The power industry emits flue gas during its post-combustion process, and capturing carbon
dioxide from this gas would make power plants more environmentally friendly while aiding the preservation
of the planet. The work conducted in This study aimed to investigate the gap in knowledge to contribute to the
development of a better world without harming it. The identified research gap reveals no established optimal
monoethanolamine (MEA) solvent concentration for the process. A simulation was performed using Aspen
Hysys to analyze the absorption efficiency at higher solvent concentrations and address this issue. The input
data was obtained from a flue gas capture plant in the UK. The results obtained from discrete increments
indicate an optimal solid result for an MEA concentration of 36 wt.%. Further analysis of temperature and
pressure revealed that other solvents, such as diethanolamine (DEA) and triethanolamine (TEA), are more
stable at higher concentrations and that DEA and TEA at the same concentration as MEA consumed
significantly less energy to capture carbon dioxide.

Keywords: carbon capture; monoethanolamine; energy consumption; post-combustion; process
simulation; Aspen Hysys

1. Introduction

Global warming resulting from climate change is one of the significant technical issues facing
the world in this century. Considering the temperature, particulate (ash), SOx, and NOx content of
the flue gas generated by the power station, our discussion assumes that the flue gas has been
pretreated to a solvent-dependent level, as particulate matter clogs, absorber packing, foaming, and
pressure drop increase. NOx and SO: react with amine solvents to form heat-stable salts, which
reduce solvent activity. The degree of upstream processing achieved will depend on the site.
Commercial solvents place strict demands on SOz, NOx, and particulates. Environmental controls are
already mandatory for power plants in Europe, the USA, and Japan, including flue gas
desulphurization (FGD) and low NOx burners. With the FGD unit, the temperature and SO:
concentration will be lowered to levels suitable for CO:z capture, however additional treatment (e.g.
caustic wash) may be required to reduce SO: concentrations to levels acceptable for CO: capture
economically[1]. To prevent global warming, one promising option is to capture the CO: produced
from the significant emission sources from various industries such as power plants, cement, and steel
industries and transport them via CO: pipelines/clusters to suitable platforms wherein it is securely
stored. One of the robust options used traditionally in capturing CO: in natural gas processes is using
alkanol amines as a solvent, and the same has been applied so far in post-combustion carbon capture
processes from flue gas emitted from power plants, the cement industry, etc. A comprehensive
review of three different capture technologies was given elsewhere by Kheirinik et al. (2021).
COVID-19 lockdown in 2020 and a co-occurring increase in greenhouse gases (GHGs) and global
temperature trends prove that anthropogenic COz is essentially to blame for recent global warming.
According to studies, coal-fired power plants, in particular, emit the largest amount of greenhouse
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gases (GHGs), mainly CO:. Hence, a trade-off must be made between energy demand and GHG
mitigation to avoid global warming exceeding 3°C by the end of the 21st century|[2].

The chemical absorption process using MEA consists of two fundamental stages: a cross-heat
exchanger, a reboiler, and a condenser|[3].
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Figure 1. Schematic of a typical carbon capture process [4]

Zhang and Chen [5,6], Delfort et al. [7] and Wang et al. [8] have described various parts of the

process and combined their information; the detailed process is given. The MEA, now enriched with
COg, enters a cross-heat exchanger, where the temperature is increased further before entering the
stripper at an elevated temperature just above approximately 100 °C. The stripper is heated by a
reboiler, which is economically sourced by the power plant's turbines producing the flue gas. A two-
version CaO was fabricated under pressurized CO: at nominal room temperature. The hydroxide
formation from these two oxides closed the surface area gap, but the formation of byproduct water
limited the further carbonation of Ca(OH)z. The adequate activation energy of decarbonization for
CaO sorbent milled with water decreased significantly after 50% sorbent regeneration[9].
As shown in Equation 1-5, this process involves the dissociation of water (equation 1) and bicarbonate
(equation 3), the hydrolysis of CO: (equation 2) and carbamate (equation 3), and the protonation of
the solvent MEA, a non-ideal liquid phase. For this reason, the NRTL (active electrolytes) package in
Aspen HYSYS accounts for non-ideal liquid phases, as numerical models are necessary for calculating
the essential properties of transport Zhang and Chen [5,6], such as;

2H20 «> H30* + OH- 1)

CO2+ 2H20 <> HCO5 + H30 @)
HCOx + Ha0 < CO52+H30 3)
MEACOO-+ H20 «» MEA+ HCOs (4)
MEAH*+ H20 <> MEA+ Hs0* )

Because this reaction is reversible, the reaction kinetics are crucial. Below are the reaction kinetics
for COz absorption by MEA. Carbamate is formed in equation 6, while the reverse reaction is shown
in equation 7 [10]. Bicarbonate is formed in equation 8 and is the forward reaction, while equation 9
is the reverse reaction [11].

MEA+CO2+ H20 — MEACOO-+ Hs0* (6)

MEACOO-+ Hs0* — MEA+CO2+ H20 %)
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CO»+ OH-— HCO- 8)

HCO- — CO:2+ OH- 9)

In Table 1, kn is the reaction rate constant for reaction 10, 'ajj' is the species' reactivity, and 'kn' is
the equilibrium constant (chemical) of the species forming.

Table 1. Reaction Kinetic Equations for CO2 Absorption [12].

Related Species Reaction Direction Kinetic Expression
Forward Te = ke * amea *aco,
MEACOO- Reverse
— ke _+aMEAC00_*aH30+
KMEACMMMM ap,o
Forward

rs = ks * acop * aon—

HCO3™
Reverse __ kg
rg_KHCOQ*aIkO_
Table 2. Reaction Kinetic Equations for CO2 Absorption [12].
Related Species Reaction Direction ij (kmol/m?. s) ¢j (kJ/gmol)
Forward 3.02 x 1014 41.20
Reverse 5.52 x 1023 69.05
MEACOO- (Absorption)
Reverse 6.56 x 1027 95.24
(Desorption)
Forward 1.33x1017 55.38
HC Reverse 6.63 x 1016 107.24
Forward 3.02 x 1014 41.20

Risk assessments are crucial in carbon capture plants as they help identify and mitigate potential
hazards from handling and storing substances beyond their limits. By understanding the limitations
and properties of solvents like MEA and the risks associated with COz, operators can implement
necessary precautions and procedures to ensure the safety of both personnel and the environment
[13].

A reported study used a rotating packed-bed absorption column with the amine solvent MEA
and a 40% saturated gaseous mixture feed to match the saturated flue gas. The effect of the mass
percentage of the solvent was investigated, and an optimum could be found on additional variables
[14].
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Delfort et al. [7] studied solvent MEA degrading at a 40 wt. % experimentally in a laboratory.
They used unconventional inhibitors to reduce the magnitude of MEA oxidation and degradation,
investigated other amines that were oxidizing at the same concentration, and validated their
efficiencies. Reducing energy cost was investigated by testing various blends of a variety of amines
and comparing the resultant data produced by a software called 'Bruker Top Spin 3.5'. The optimum
blend was the first blend, where the MDEA increased while the P.Z. amine decreased[15,16].
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Figure 2. Schematic of experimental apparatus utilized [15]

The availability of various amines in the industry is less freely obtainable than in MEA, where
the challenges occur. Two types of amines were investigated for removing CO: within hydrocarbon
streams, and the physical properties of these amines were analyzed. It was found that the properties
of these amines decreased as the temperature increased, which validates their use within other
blends. [17]. It has been shown that amine blends can be used to capture CO: from flue gas from coal
fires, but the advancement of operational use for amine blends could be faster.

It has been found that amine-based scrubbing solvents, particularly monoethanolamine (MEA),
may negatively impact freshwater ecosystems, causing a 10-fold increase in toxicity. The impact on
terrestrial ecosystems, however, is relatively minor. To ensure the overall sustainability of climate
change mitigation efforts, it is essential to consider these environmental impacts when implementing
Carbon Capture and Storage (CCS) technologies [18].

Process simulation software allows studies to be carried out without the experimental restriction
in variations or the high costs of every single study. For the above investigation by Mores et al. [19],
previous works were also used to simulate and validate the mathematical optimization model. The
results agreed and obtained a close fit with the mentioned raw data, meaning the mathematical model
could now be used for optimization. Chu et al. [20] carried out work to deduce the optimum
operational pressure, height, and packing for the absorption column based on the working conditions
labelled T13 in China precisely [21]. The results showed better performance with larger porosities
and operational at atmospheric conditions with a column height of 8 meters.

Gaspar et al. [22] investigated models for dynamic behavior versus transient behavior for CO:z
capture and investigated configurations of solvent-stored tanks.
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The numerical model was validated with the findings from Weiland et al. [23], which showed
that high loads for CO: had an impact on specific reboiler duty. Additionally, the configuration for
solvent storage was viable and excluded any extra costs involved. Ahn et al. [24] studied reducing
energy consumption in the CO2 adsorption process using 30 wt. % MEA solvent by modifying the
stripper unit, attaching overhead compressions and condensing evaporation, and then evaluating
accordingly. The results showed that the improved amine processing directly improves the reboiler
stage.

Research has been carried out to validate the transient stage by Kvamsdal et al. [25]. However,
the trend patterns have deviated enough to consider it non-validated or in progress status. According
to [26], optimal CO: capture (from post-combustion) was simulated using reduced models
corresponding to technological-economic objectives. As simple models were limited, they developed
a method for optimum operation, and a reduced model would be highly beneficial in simulations.
Using reduced models corresponding to technological and economic objectives, optimum CO2
capture was simulated. Simulating a reduced model would be beneficial as simple models were a
limitation. Using existing data, the new techno-economical model was simulated using Response
Surface Modelling (MODDE 7 package) and compared with the Aspen HYSYS 7.3 model Peng-
Robinson fluid package. As a result of the findings, tabulated data identified optimal processes and
costs for various electric prices. This excellent reduced model evaluates the optimum running and
power usage alongside the varying costs for electricity in industrial use. Model validation does not
require further research, but optimization can be analyzed in more detail to maximize efficiency.

Andrade [27] used gPROMS to simulate a carbon capture process using MEA to reduce cost[28].
The simulated model showed that by reducing the capture rate to 75%, the purity of CO: increased
to 88%, and the mass fraction of solvent MEA increased to 40%, the specific heat cost would be
reduced by 5%. The adsorption operation (with MEA) was investigated with a comparative focus on
the equilibrium-based selected model and the rate-based selected model; these were carried out on
gPROMS. The rate-based selected model obtained predictions much better and more accurately than
the equilibrium-based model chosen.

Lawal et al. [29] simulated the same process above but added a reboiler and a recycle stream to
the absorber. Results showed that the absorption unit showed a more significant sensitivity in the
ratios of MEA and flue gas and that the rising reboiler duty impacted the poorer performance of MEA
regeneration. They simulated a 500 MWe sub-critical power plant in 2012, using data merged from
previous work. Three MEA concentrations were tested in this simulation, with 40 wt. % of MEA
solvent being the most efficient concentration for CO: capture. The height of the column was
optimum at 27 m, and the cost of MEA solvent regeneration was higher at high concentrations.

Garcia et al. [30] validated a pilot plant simulation against four experimental data sets for the
adsorption process using 30 wt. % MEA concentration. The desorption column had an average
absolute relative deviation of 9.2%, and the reboilers' liquid flux temperature at output had a
deviation of 3.3%.

Moioli et al. [31] simulated the CO: adsorption process with MEA and evaluated the
thermodynamic aspect impacting the reboiler's energy-saving duty. The validation could not be
proved as the adsorption rate was below the 85-90% range at 75.9% CO2 adsorption. The rate-based
model was validated against the equilibrium stage model, and the equilibrium stage model was
rejected. The rate-based model promotes scope for varied concentrations using the rate-based model.
The Aspen Plus RateSep model was used to simulate experimental results from the CASTOR project
in 2007, and the results were acceptable but higher than the predicted results for the gas phase profile
of temperature. Lim et al. [32] studied the absorber and the stripper with two rate-based models and
validated the results against a 0.1 MW pilot plant based in Boryeong So, Utah, Korea.

The study used MEA solvent in a stripper integrated with a refinery plant. The results showed
that the heat demand in the stripper increased when lower temperatures were simulated [33].

Luo et al. [34] investigated integrating a power plant of 453 MWe NGCC into a CO: absorption
process, including a compression unit for the CO:z product. They found that the integration improved
the net efficiency and could be tested with other process aspects.

d0i:10.20944/preprints202405.0195.v1
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Moioli et al. [35] used Aspen Plus to simulate Lewis and Whitman's film theory and compared
the results with experimental results. The simulated results showed slower results than the
experimental data, thus confirming that much work and model validation needs to be carried out.
Luo and Wang [36] validated a rate-based model for a combined cycle gas turbine (CCGT) plant using
an MEA concentration of approximately 30 wt. %. They found that the model was even closer to the
data from a pilot plant than any previous work.

Research by Luo and Wang [36]owed that thermodynamic models had a high impact on the
accuracy of VLE for the lean solvent mixture. The modified rate-based model raised the accuracy of
the density of the liquid mixture and better predicted the simulation.

A study comparing the models in Aspen Plus against equivalent models in Aspen HYSYS was
investigated by i [37] The results showed that the rate-based model in Aspen Plus had the most
negligible variations in its equilibrium-based model, whereas the rest of the comparisons were very
similar.

In 2013, I et al. investigated configuration optimization for capturing CO: by the absorption
method. The results showed that including a vapor recompression saved the most energy, resulting
in a total heat demand of approximately 2.9 M]/kg compared to the standard configuration at 3.26
M]J/kg. In 2014, Ui and Kvam merged the two investigations, Ji [37] and Ui et al. [38], and analyzed
various configurations alongside the Aspen HYSYS and Aspen Plus models. The results showed that
the configuration with the vapor compression lowers energy consumption and is an optimized
process.

Akram et al. [39,40] simulated CO2 loadings ranging from 5.5-9.9 vol. % on Aspen HYSYS and
found that the higher the CO:z loading, the higher the absorption and the higher the flow rate for MEA
meant more CO2 absorbed.

Rehan et al. [41] investigated the impact of an intercooler unit at various locations in the
configured design to save energy. Rahmanian et al. [42] used Aspen HYSYS to simulate a pilot plant
and investigated the impact packing structure has on the absorption of COz. They concluded that the
B.X. type had the largest surface area and obtained the lowest energy consumption.

Global energy demand is one of the main contributors to CO: emissions, which must be
contained by capturing methods to control this source that is currently damaging the environment
(as mentioned earlier). Despite this, CO2 capture is a confirmed challenge and presents many
challenges in implementing the process due to its feasibility. A great deal of research is continually
being conducted to develop the process as well as reduce operational and maintenance costs. In
conclusion, the literature review chapter has demonstrated that within this pool of studies, discrete
concentrations of MEA solvent are the area of knowledge gap within the CO: absorption process
using MEA. The range in which MEA can be tested in simulations is limited. However, the behavior
is important to analyze, as so far, the minimum concentration or cut-off has not been determined or
claimed. According to the literature study, up to 45 wt.% of MEA concentration can be allowed. Thus,
the range of MEA concentrations from 30-45 wt. % (usually fixed at 30 wt. %) shows opportunities
for simulation using Aspen HYSYS in increments of 2 wt. %.

2. Materials and Methods

Numerical data (flow rates/temperatures/pressures, etc.) entered into the flowsheet model. The
data were obtained from a capture plant in the U.K. In modeling, the property package decides which
models will be evaluated. According to components of interest, Aspen HYSYS suggests
recommended packages. During CO: capture, the acid gas is considered automatically [43].
Simulation can begin with the amine package, which consists of reliable models.

Table 3 lists the components of acid gas using the amine property package. The Kent-Eisenberg
model usually models the liquid phase, while the Peng-Robinson (P.R.) model usually models the
vapor phase. The package limits simulation parameters. Table 4 summarizes the operating conditions
of amines and their blends within Aspen. As a result, MEA concentrations will be below 50 wt.%
maximum [44].

d0i:10.20944/preprints202405.0195.v1
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Table 3. Types of processes recommended for this package ([45]).

Acid Gases CO», H:S, COS, CS2
Hydrocarbons CH4, C2
Olefins Co=, Co=, Cu=, Co=
Mercaptans M-Mercaptan, E-Mercaptan
Non-Hydrocarbons Hz, N2, Oz, CO, H20
Aromatics CesHs, Toluene, e-CsHs, m-
Xylene
Acid Gases CO», H:S, COS, CS2
Hydrocarbons CH4, C2
Olefins Co=, Co=, Cu=, Co=

Table 4. Limits for adhering to the amine package ([45]).

Concentration Acid Gas Partial T OF
) (Weight %) Pressure
Amine Name (psia)
MEA 15-20 0.00001-300 77-260
DEA 25-35 0.00001-300 77-260
TEA, MDEA 35-50 0.00001-300 77-260
DGA 45-65 0.00001-300 77-260
DEA/MDEA 35-50 0.00001-300 77-260
MEA/MDEA 35-50 0.00001-300 77-260

K is the equilibrium ratio predicted by the Kent-Eisenberg model in the liquid phase. This model
uses non-linear expressions to describe phase and chemical equilibrium, electroneutrality, and mass
balances for electrolytes in the liquid phase. The Peng-Robinson (P.R.) model predicts the equilibrium
ratio in the vapor phase. The model also predicts non-ideal systems. Using the Peng-Robinson (PR)
equation of state, systems of two, three, and singular phases can be efficiently evaluated while reliable
simulations can be solved ([45]).

3.1. Model Parameters

The following literature sources were used to calculate critical parameters and compositions
(Table 5): Ui, [46], Akram et al. [39], and Gervasi et al. [47]

3.2. Modelling Methodology

Table 5 lists the model parameters in the following steps to simulate the process. The following
steps were undertaken to get the results.

Table 5. Base case specification data.

Description Value/Selection
Flue gas temperature 51.1°C
Flue gas pressure 101.7 kPa
Flue gas flowrate 85000 kmole/h
MEA temperature 40 °C
MEA pressure 101.3 kPa
MEA flowrate (1st iteration) 120,000 kmole/h
COzin inlet 14.9 mole-%
MEA in inlet (1st iteration) 30 mass-%
Stages in absorber 10

Temperature of absorber 40 °C
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Pressure of absorber 110 kPa
Murphree efficiency in the 0.25
absorber
Pressure of desorber 190 kPa
Reflux ratio of desorber 0.3
Murphree efficiency in the 1.0
desorber
Temperature of reboiler 120 °C
Properties Package Amine Package

e  The components within the properties section were selected and confirmed.

e In response to Aspen HYSYS acknowledging the selected components list, the amine package
was recommended for process simulation, fluid properties prediction, and acid gas cleaning
evaluations.

e  Enter feed data into model parameters.

e Figure 3 shows the flowsheet, which includes the absorbing column, cross heat exchanger,
stripper column with reboiler and condenser, mixer, and recycle.

e  Column convergence was achieved after many iterations (see Table 5).

e Once the base case results were validated, the solvent concentrations were varied by 2 wt% and
the simulation was run to collect 30 - 46 wt% data

e  The calculations were made, and the obtained results were plotted in Excel.

- ‘4 - ( Makeup Watter
MEA MEA

|
RCY-1 Recycle MIX-100
Out

Lean
MEA

Gases

——
—ﬂ" TR co2
Condensor

Flue gas
Inlet

-

Rich MEA Heated
Rich

Amine

T-100

Reboller

Stipper

Figure 3. The flowsheet of process simulation for CO: capture. using MEA solvent.

The following equations were used to calculate the relative parameters based on the resultant
data. MCCC2 (kg/h) represents the rate at which CO: is captured; nCO2 represents the number of
moles in and out; MCO2 represents the molecular weight of CO; and Q (kJ/h) represents the reboiler
duty (Akram et al. 2016); h is the COz absorption efficiency as a percentage fraction; and last but not
least, CO2 in and out are respectively flow rates [19]

MCO2 = (nCO2in - nCO20ut) * MWCO2 (10)

Q
Mco,

Energy Consumption (%)= (11)
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n=1- (12)

For further analysis, the new data calculations were represented graphically, and the optimal
parameters were located and simulated again using different variables.

e  Using the existing simulation, two new parameters were chosen to vary, as the behavior at peak
concentration showed potential.

e  The chosen parameter was the temperature (rising in 5 °C increments) of the solvent, within the
limits ranging from 303 K to 328 K (30-55 °C) from Zhang and Chen [5]. In contrast, the maximum
temperature was 80 °C, which is not simulated because corrosion and oxidation increase
dramatically at this temperature, as shown in Fischer et al. [42].

e  Pressure was the second chosen parameter. It was simulated from 200 kPa to 1000 kPa in 100
kPa increments.

e A further simulation of the same configuration was performed. However, simulations to
compare MEA with two other amines, DEA and TEA, were performed in separate flow sheets
and are not shown for brevity. Pressure and temperature sensitivities were simulated in MEA.

e  The obtained data were analyzed and discussed.

3.3. Convergence Chalenges

1 [37] described convergence challenges in this simulation. Solvent flow rate and pressure were
susceptible to stimulation. The stripper convergence depends heavily on the absorbed data. There
were many iterations until the columns converged. If the complete simulation could not be solved,
iterations were carried out on individual columns. As soon as the two columns converged, they were
connected, and the last few adjustments were made to keep them converged.

4. Results and Discussions

The results in Figure 4 are significant as they demonstrate a high absorption efficiency of 87.02%
at a close solvent concentration of 30 wt.%. This validates the findings of &Ji [46] and suggests that
the base case with the lowest solvent concentration can still achieve efficient absorption.

At the optimum concentration of 36 wt.% MEA, the absorption efficiency reaches nearly 90%.
This is significantly higher than the efficiency at the lowest concentration of 30 wt.% MEA,
approximately 87.02%, and higher than the efficiency at the highest concentration of 46 wt.% MEA,
which is approximately 89.67%.

Because MEA is the capturing component, more MEA contacts CO: molecules, and more
adsorption is expected. After the peak point, however, absorption stops increasing and remains
constant because equilibrium has been reached, and no more reactants can be saturated to convert
into the product.
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Figure 4. Graphical results for the effect of MEA concentration on the absorption efficiency of CO-.

As shown in Figure 5, there is a correlation between the absorption rate trend and Figure 4. An
increase in solvent concentration seems to decrease the absorption rate, although at the same
optimum concentration of 36 wt.% MEA, the absorption rate increases slightly and then stabilizes.
The same reason causes this opposing trend, but they are connected. As the absorption efficiency
increases and becomes constant with increased solvent concentrations, the actual absorption rate
decreases and remains constant with equilibrium.

75000
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60000

55000

CO2 Absorption Rate (kgmoles/kg)
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28 33 38 43 48

MEA Concentration (wt%)

Figure 5. Graphical results for the effect of MEA concentration on the absorption rate

The relationship between energy consumption and MEA concentration is inversely
proportional. As the MEA concentration increases, the energy consumption decreases. This can be
observed in Figure 6, where the energy consumption declines as the MEA concentration increases.
However, at a concentration of 36 wt.%, the energy consumption reaches its highest point before
gradually decreasing. This suggests that there might be an optimal MEA concentration that balances
both absorption rate and energy consumption.
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As a result, regeneration is unnecessary after the maximum absorption point, decreasing overall
energy consumption. As expected, the initial decrease in energy consumption should have been
followed by a slight increase until the optimum point, but this was not the case, and each discrete
increment converged well except for points between the first and optimum, indicating that the results
were abnormal. Many trials were carried out before convergence was reached, and as confirmed by
i [46], the columns are sensitive and challenging to convergence.
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Figure 6. Graphical results for the effect of MEA concentration on energy consumption.

Aside from the initial validation of the base case, Figure 7 examines the specific trend of the
reboiler duties for different CO: loadings. Akram et al. [39] ) indicate that the experimental and
simulated work shown in the literature has been validated. While the CO2 loadings were much lower,
the trend showed that duty decreased as the loading increased despite the lower CO: loadings.

Knudsen et al. [48] showed the lowest specific reboiler duty at high COz loading and closely matched
the current simulation results at 87% CO: absorption.
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Figure 7. shows 87% and 90% specific reboiler duty validation with literature data.

Table 6 presents the simulation kinetic data and a literature validation comparison. For the
resultant data to be a real representation of the CO: capture process, these criteria were checked in
the simulated model to ensure the reactions are correct and the simulation is valid. According to
simulation, kinetic data, reaction constants, and activation energies agree with the literature data. In
both columns, the activation energy differs very little in forward and reverse reactions. Despite the
slight difference in operating conditions, the simulation values are slightly higher. They confirm a
valid simulation model and agree about the reaction constant.

Table 6. Validation data of simulated reaction kinetics against Zhang et al. (2013).

Zhangetal. (2013) Zhang etal. (2013) HYSYS
Reaction Direction ij (kmol/m?. s) ¢j (kJ/gmol) Simulation ij
(kmol/m?3. s)
Forward (Absorption) 3.02 x 10+ 41.20 3.02 x 10+
Reverse (Absorption) 5.52 x 10» 69.05 5.52 x 10»
Forward (Desorption) 1.33 x 1017 55.38 1.33 x 1017
Reverse (Desorption) 6.63 x 1016 107.24 6.63 x 1016
Reverse (Desorption) 6.63 x 1016 107.24 6.63 x 1016

4.1. Further Result and Discussion

Figures 4 to 6 show that the MEA concentration was 36 wt.%. To analyze MEA in more depth,
two other amines, DEA and TEA, were also simulated and run on Aspen HYSYS for temperature
analysis at the same concentration as MEA. Figure 8 and Figure 9 show the results of varying the
solvent inlet temperature.
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Figure 8. Graphical results for the effect of temperature on the absorption efficiency of COs.

Temperature affects CO:z absorption efficiency for all three amine solvents, as shown in Figure
8. However, MEA seems to fluctuate compared to DEA and TEA, which rise more steadily. In this
case, the solvent MEA is more stable at a limited temperature range, and once another temperature
limit has been reached, the molecules have much more energy to collide and react with COg, thus
increasing absorption. At a temperature of 55 °C, MEA solvent shows the most outstanding
absorption efficiency and captures 92% COs..

In contrast to MEA, DEA seems less affected by higher temperatures, with an increase of less
than 1% in absorption efficiency from the lowest to the highest inlet temperature. Therefore, DEA is
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less sensitive to this temperature range than MEA. In addition, Pouladi et al. [49] analyzed how
temperature impacts tower performance using DEA and found that above 53 °C, absorption
decreases tower performance. DEA has shown here that it is much less sensitive to temperature than
MEA solvent, so further increases in temperature would not add any benefit.

However, the TEA trend has an increasingly steeper slope than DEA and is much more sensitive
to temperature changes. Similar to MEA, TEA increases the absorption efficiency of CO: as
temperature increases. While 40 °C is used in the simulation by @i [46], this temperature shows that
MEA is the best solvent and absorbs the most CO: out of the three solvents. At the highest
temperature of 55 °C, MEA still takes the top position and absorbs 92% CO:. Unless the inlet
temperature is lowered to 30 to 35°C, which, according to the results, shows DEA to be the better
performer, MEA has been the preferred choice.

Figure 9 also shows how temperature impacts energy consumption for three amines. Similar
trends were observed in Figure 8. Solvent TEA, however, seems to have a much lower slope and
consumes less energy than it adsorbs CO2. DEA also appears to follow the same trend, and increasing
temperature does not affect energy consumption as much. While MEA increases energy consumption
similarly to that seen in absorption efficiency, the regeneration of MEA is much greater than that of
DEA and TEA. This means that because MEA has a much higher energy consumption, DEA and TEA,
while not far from MEA in absorption efficiency values, should be utilized more, bringing the energy
costs down significantly.

800
700
600
500
—o— MEA

400
® oo ———o—— ¢
300

—&— DEA
TEA
200

Energy Consumption (MJ/kg)

100

28 33 38 43 48 53 58
Temperature (°C)

Figure 9. Graphical results for the effect of temperature on energy consumption.

The temperature sensitivities of MEA and TEA were relatively similar, but DEA had much less
impact. The base case involved an absorb pressure of approximately 101 kPa, and increments of 100
kPa were simulated to check how pressure affected absorption efficiency.

As shown in Figure 11 and Figure 10, the results show a very steady and non-fluctuating trend
in energy consumption. Among the most exciting results seen in Figure 11 is that MEA has a higher
absorption rate and a more significant gap at lower pressure than DEA and TEA, indicating a higher
absorption rate. As the graph shows, the gap between the amines narrows as the operating pressures
increase, and the CO: absorption efficiency becomes similar pressures.
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Figure 10. Graphical results for the effect of pressure on the absorption efficiency of CO..

Pouladi et al. [49] found that inlet pressure variation does not affect tower performance. Still, in
this case, the varied pressure of the tower/column significantly impacts tower performance,
indicating that higher operational pressures encourage this reaction. At these pressure ranges, MEA
still performs the best among the three amines; at its highest-pressure range, MEA has a 97%
absorption efficiency.
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Figure 11. Graphical results for the effect of pressure on energy consumption.

As shown in Figure 11, the gap is smaller at lower operational pressures than energy
consumption. While MEA appears to behave linearly as pressure increases, the energy consumption
is also very high. Compared to DEA and TEA, the energy required to regenerate MEA is much higher.
Therefore, DEA and TEA perform better at higher operation pressures than MEA, and the balance
between energy consumption and CO: absorption is vital for revealing better amine.

After analyzing the performance of three different amines at various temperatures and pressures,
DEA and TEA's discrete concentration analysis needs to be further investigated. Two amines can be
tested at discrete concentrations to determine their limits. The amine behavior of a column at each
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stage can be compared with a packed column to determine which CO2 is absorbed and what stages
can be reduced.

5. Conclusions

The predicament of carbon capture feasibility appears as a quarry requiring reduction. Although
some costs can be reduced, the best option is to try all angles and accumulate the savings to make the
process feasible. Despite much research, the capture process is still not fully integrated, and there is
room for improvement in reducing costs and optimizing operations. A knowledge gap was found
where discrete solvent (MEA) concentration data had not been analyzed, which led to a deeper
analysis of temperature and pressure sensitivity simulations. Based on these results, further studies
can be undertaken on the other two amines (DEA and TEA) or the most appropriate solvent for
industry.

o After 36 wt.%, all higher concentrations are constant and less than the optimum concentration
for COz absorption efficiency.

e  As equilibrium is reached, the absorption remains constant at higher concentrations as the
capture rate falls.

e  Despite the optimum MEA concentration of 36 wt.%, the highest energy consumption also
resulted in the highest costs, so the optimum concentration also has higher costs.

e  The working simulation model confirmed agreement with literature values for the base case's
reaction kinetics and absorption efficiency.

e  In the simulated temperature and pressure ranges, MEA had the highest absorption (up to 97%)
compared to DEA and TEA.

e  Energy consumption increased as absorption increased with temperature and pressure.

e DEA and TEA require less energy than MEA to achieve similar results when operating at high
pressures. Therefore, these fewer common amines are alternatives to MEA at higher operating
pressures.
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