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ABSTRACT: Precipitating amino acid solvents are an alternative to conventional amine scrubbing for CO2 capture from flue
gas. Process operation with these solvents leads to the formation of precipitates during absorption that need to be re-dissolved
prior to desorption of CO2. The process configuration is crucial for the successful application of these solvents. Different process
configurations have been analyzed in this work, including a full analysis of the baseline operating conditions (based on potassium
taurate), the addition of lean vapor compression, multiple absorber feeds, and the use of different amino acids as alternative
solvents to the baseline based on potassium taurate. The analysis is carried out with an equilibrium model of the process that
approximates the thermodynamics of the solvents considered. The results show that the precipitating amino acid solvents can
reduce the reboiler duty needed to regenerate the solvent with respect to a conventional MEA process. However, this reduction
is accompanied by an expenditure in lower grade energy needed to dissolve the precipitates. To successfully implement these
processes into power plants, an internal recycle of the rich stream is necessary. This configuration, known as DECAB Plus, can
lower the overall energy use of the capture process, which includes the energy needed to regenerate the solvent, the energy
needed to dissolve the precipitates, and the energy needed to compress the CO2 to 110 bar. With respect to the energy efficiency,
the DECAB Plus with lean vapor compression configuration is the best configuration based on potassium taurate, which reduces
the reboiler duty for regeneration by 45% with respect to conventional MEA. Retrofitting this process into a coal fired power
plant will result in overall energy savings of 15% with respect to the conventional MEA process, including compression of the
CO2 stream to 110 bar. Potassium alanate was found to reduce the energy use with respect to potassium taurate under similar
process configurations. Therefore, the investigation of potassium alanate in a DECAB Plus configuration is highly recommended,
since it can reduce the energy requirements of the best process configuration based on potassium taurate.

1. INTRODUCTION

CO2 capture based on absorption and thermal desorption on a
large scale is considered a suitable technology for carbon
abatement in the current energy sector (highly dependent on
fossil fuels).1−3 Major drawbacks of this technology are the
efficiency penalties and high operating cost, related to solvent
regeneration and CO2 compression, which prevent commercial
application at large scale.4−6 The integration of CO2 capture
into power plants results in a reduction of the net power plant
efficiency which depends on the capture technology, power
plant type, and degree of heat integration.5,7−10 Amine solvents
are the most common industrial choice for low pressure
absorption.11−13 In the case of coal fired power plants,
reductions of plant efficiencies of 9−12 percentage points are
expected for the conventional industrial standard monoethanol-
amine (MEA).14−16 MEA is also degraded in the presence of
SO2, O2, and metal ions in solution with the formation of
irreversible byproducts or degradation products,17 reducing the
absorption capacity of the amine and increasing the emissions
of undesirable products to the atmosphere.18

Improvements to the costs of the conventional industrial
standard (30 wt % MEA solution) can be obtained by screening
for solvents that have higher absorption capacity and rates (e.g.,

promoted tertiary amines and hindered amines such as
promoted MDEA).19−22 Improvements, both economically
and environmentally, can also be made by developing solvents
with a higher resistance to degradation and lower toxicity and
volatility. Alternative solvents to amines are amino acid salts23

and promoted potassium carbonate.24−26 Besides the solvents
suited for the conventional absorption−desorption process,
other solvents that are under development are the phase change
systems such as the carbonate precipitating processes,27 the
demixing solvent technology,28 and precipitating amino acid
salts.29 Alternative process configurations have also been
proposed to reduce capital and operating costs of the CO2

capture process.30 Numerous publications propose flow-sheet
modifications to the conventional MEA industrial process in
order to upgrade the process or its energetic integration with
the steam cycle of the power plant.31−34 Frequent config-
urations to be evaluated are the modification of process
operating conditions (e.g., stripper process conditions, lean-rich
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heat exchanger pinch),35 the use of multiple absorber feeds or
staged feed to the stripper (e.g., the split flow scheme),36 and
the use of the sensible heat contained in the exit streams of the
stripper column (e.g., the lean vapor compression config-
uration).37

Precipitating amino acid solvents are a promising alternative
to amines. In specific cases, a lower energy required to
regenerate the solvent has been reported.38 Other benefits
when compared to MEA are higher stability and lower
corrosion in the case of taurine,39 higher absorption rates in
the case of sarcosine,40 and proline.41 Due to the non-volatile
nature of these solvents, lower emissions are foreseen for
processes based on precipitating amino acids. The simplest
process configuration based on these solvents (DECAB)
requires the use of a spray tower to handle solids during
absorption. The precipitates are re-dissolved before desorption,
which takes place in a conventional stripper.29 The introduction
of an internal recycle in this process configuration (DECAB
Plus) can enhance the release of CO2 without modifications in
the stripper.38

In this work, an evaluation and optimization of different
process configurations based on the precipitating amino acid
solvents is presented. The evaluation has focused on two
research directions: improvements in process configuration and
screening for alternative solvents with improved performance.
The evaluation relies on an equilibrium based model, which
includes all the necessary unit operations of the processes to
capture CO2 from coal fired power plants’ flue gas. The model

uses an approximate thermodynamic representation of the
solvents investigated on the basis of empirical correlations that
have been derived from experimental data. Initially, an
investigation of DECAB and DECAB Plus process conditions
is presented on the basis of potassium taurate. The key
parameters of the processes are modified with the objective of
decreasing the required energy for regeneration. After
optimizing the process conditions, two process additions are
integrated and investigated. These include the lean vapor
compression option and multiple feeds to the absorber. The
performance of other amino acid solvents is also investigated
for the DECAB process configuration.

2. BASELINE CONFIGURATION (DECAB AND DECAB
PLUS)

CO2 absorption in aqueous amino acid salt solutions generally
leads to the formation of precipitates, depending on the
particular amino acid and the concentration in solution.42,43

The composition of the precipitates varies with the structure of
the amino acid used to prepare the amino acid salt solution. It
can contain mainly the pure amino acid, for primary amino
acids, KHCO3, for highly hindered amino acids, or a
combination of amino acid and KHCO3, for other amino
acids.43 This phase change can influence the equilibrium
reactions in CO2 absorption and desorption contributing to
reduce the energy use of the conventional absorption−
desorption capture process. The chemistry of the reaction of
CO2 with amino acid salts in the precipitation regime has been

Figure 1. DECAB and DECAB Plus process concepts based on precipitating potassium taurate. The separator and recycle stream are only pertinent
for the DECAB Plus concept. DECAB can be seen as a simplification of this flowsheet where the recycle stream is set to zero. The ratio of the total
taurine concentration to the total potassium concentration in solution is indicated below the name of each stream. This ratio can be 1 (equimolar
solution), higher than 1 (solution with less potassium than the equimolar solution and, therefore, lower pH0), or less than 1 (solution with more
potassium than the equimolar solution and, therefore, higher pH0).
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described by Kumar.44 The identified effects related to
precipitation are the following: (1) the enhancement of the
specific CO2 capacity of amino acid salt solutions;45 (2) the
acidification of the rich solution, which is not a direct effect of
precipitation but is brought about by introducing a phase
separation after precipitation that partially removes the
supernatant and results in the concentration of the amino
acid in the rich solution once the precipitates have been re-
dissolved.46,47 The first effect, enhancement of CO2 absorption,
occurs when precipitates are formed during absorption as a
result of the chemical reaction of CO2 with the amino acid salt.
The products of this reaction that have a limited solubility (the
pure amino acid and/or the KHCO3) precipitate when the
saturation point is reached. The removal of the solid reaction
product from the liquid phase shifts the reaction equilibrium
toward the production of more products. The result is a rich
stream in the form of slurry that contains mainly the pure
amino acid in the solid phase (for primary amino acids) or a
mixture of pure amino acid and bicarbonate (for more hindered
amino acids) and carbamate, bicarbonate, amino acid salt
counterion (e.g., potassium, sodium), and remaining amino
acid species in the liquid phase. The second effect, acidification
of the rich stream, requires the processing of the slurry in a
solid−liquid separator to partially separate the supernatant
from the solids. This forms a concentrated slurry, which is
heated to dissolve the amino acid precipitates. The resulting
rich solution, enriched in amino acid, is further processed in the
stripper for desorption. The supernatant excess, enriched in
amino acid salt counterions, is recycled to the absorber without
passing through the stripper. After dissolving the amino acid
crystals, the pH of the rich stream is decreased before thermal
desorption, enhancing the release of the chemically bonded
CO2.
Figure 1 illustrates a generic precipitating amino acid process

scheme based on the potassium salt of taurine that exploits
both effects. The flue gas, containing ca. 13% v/v CO2 at 40 °C,
is treated with a solution of potassium taurate with 1:1 molar
amounts of taurine and KOH in a suitable contactor that can
handle solids. This can be a spray tower contactor or a
sequence of spray tower contactor and packed column.29 The
slurry that results from the absorption of CO2 can be directly
regenerated in the stripper, via the lean-rich heat exchanger, in a
process concept known as DECAB.29 In this case, the separator
in Figure 1 is not needed. Alternatively, the slurry can be
treated in the solid−liquid separator, yielding two streams: new
rich stream and recycle. The new rich stream is a slurry
enriched in taurine, that has a taurine-to-potassium molar ratio
([TAU/K]) higher than 1. This stream is further processed in
the stripper, where the CO2 is released, yielding the new lean
stream. By re-dissolving the amino acid crystals, the pH of the
new rich solution is decreased before thermal desorption, which
results in higher partial pressures of CO2 under stripper
conditions that facilitate desorption. The recycle stream is the
supernatant excess enriched in potassium ions, that has a
taurine-to-potassium molar ratio lower that 1. This stream is
mixed with the new lean stream and is fed back to the absorber
without passing through the stripper. Mixing the recycle and
the new lean stream results in the initial lean stream that has a
taurine-to-potassium molar ratio of 1. This process alternative is
known as DECAB Plus.
The technical analysis of these process concepts with

potassium taurate presented in our previous work47 shows
that the DECAB process concept can decrease the reboiler duty

needed for solvent regeneration. Compared to a conventional
MEA process, the reboiler duty of the DECAB process concept
is 10% lower. This duty can be further reduced with the
DECAB Plus concept. Due to the internal recycle in this
process concept, the rich stream that is regenerated in the
stripper has a substantially higher CO2 equilibrium pressure due
to the pH change that is induced by concentrating the amino
acid. For this reason, a “super lean” stream is obtained in the
stripper with less energy penalty. At the same time, the recycled
stream that is fed back to the absorber contains a high
concentration of CO2, which decreases the process capacity.
With an optimum recycle, the first effect is dominant, resulting
in a 35% lower reboiler duty compared to a conventional MEA
process.47 Other effects of the internal recycle, which are linked
to the change of amino acid speciation due to a lower pH, are
the reduction in the heat of desorption and the reduction of the
amino acid solubility in the new rich stream. The first effect
contributes substantially to the reduction in regeneration
energy, but the second effect limits the extension of the
internal recycle (and its benefits) to avoid solids in the new rich
stream that is fed to the stripper. Another point of attention is
that DECAB and DECAB Plus processes require the input of
low-grade energy to re-dissolve the solids formed during
absorption. The energy needed for this phase change is
approximated by the dissolution energy and is supplied to the
new rich stream in the separator heat exchanger (Figure 1).
This energy is of a relatively low quality compared to the steam
quality required by the reboiler, and it could be supplied by low
pressure steam (ca. 1 bar), hot water of about 80 °C, or stripper
reboiler condensate. However, in the case of potassium taurate,
it is substantial in terms of volume, due to the high heat of
dissolution of this amino acid salt.47 For future development of
these processes, the main points for improvement are the net
capacity of the solvent, which becomes a dominant factor when
high portions of the rich stream are recycled, the solubility of
the amino acid, and the heat of dissolution of the amino acid.

3. ALTERNATIVE PROCESS CONFIGURATIONS FOR
DECAB AND DECAB PLUS

The use of alternative process configurations or solvents could
further reduce the energy requirements of DECAB and
DECAB Plus processes. The main focus for process improve-
ment is the selection of process conditions that maximize
process capacity, which in turn will minimize the energy
required by the reboiler for solvent regeneration. Moreover, the
energy required by the separator heat exchanger to re-dissolve
the crystals is linked to the required solvent flow rate, which
depends on the solvent net capacity. Therefore, increasing the
bulk solvent capacity will also reduce the energy requirements
of the separator heat exchanger. The process modifications that
have been analyzed in this work are intended to improve the
process capacity of the DECAB and DECAB Plus process
concepts. The selected process modifications are as follows: (1)
optimization of the operating conditions of the baselines, (2)
the introduction of the lean vapor compression (LVC)
configuration, (3) the use of multiple feeds to the absorber,
and (4) the use of an alternative amino acid solvent to
potassium taurate. These options are discussed in the following
sections.

3.1. Optimization of the Operating Conditions of
DECAB and DECAB Plus. The modifications to the process
operating conditions of the baselines have the objective of
optimizing the combined thermal and pH-shift effects during
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desorption. The thermal effect depends on the operating
temperature of the reboiler, and the pH-shift effect depends on
the amount of precipitate that is formed during absorption, the
temperature at which the solid−liquid separation takes place,
and the fraction of the liquid supernatant that is recycled. For
the purpose of optimization, the reboiler temperature, the
separator temperature, and the flow of the recycle stream have
been modified to analyze the combined effect of temperature
and different [TAU/K] ratios on the reboiler duty.
3.2. Lean Vapor Compression (LVC). The LVC option

has been described and investigated for other solvent systems,
such as MEA.32,33,35,37,48 In this process concept, illustrated in
Figure 2, the lean stream that leaves the stripper column is
flashed adiabatically in a separate vessel. As a consequence of
the pressure reduction, the solvent is partially evaporated. The
vapor generated is recompressed and reinjected at the base of
the stripper column. The benefits of this process concept are
that part of the CO2 remaining in the lean stream is flashed,
reducing the lean loading, and that more steam is generated,
reducing the necessary heat input to the reboiler.
3.3. Multiple Feeds to the Absorber. The DECAB Plus

process concept with multiple feeds to the absorber is
illustrated in Figure 3. In this configuration, the new lean
stream that leaves the stripper column is divided into two
streams. One of the streams is mixed with a fraction of the
recycle stream and fed to the top of the absorber column. The
other stream is mixed with the remaining fraction of the recycle

stream and is fed at an intermediate stage within the absorber
column. This alternative configuration results in two new
streams (one lean and the other semilean) with different CO2

loadings and different [TAU/K] ratios. The lean stream has a
lower CO2 loading than the corresponding lean stream in the
DECAB Plus baseline configuration. This stream is fed at the
top of the absorber column with the aim of increasing the
absorption capacity at the top stages of the absorber. The
semilean stream has an intermediate CO2 loading between the
lean and rich streams and is fed to an intermediate stage in the
absorber column. This configuration also creates a pH gradient
within the absorber due to the different [TAU/K] ratios. The
top stages have a lower pH than the bottom stages.

3.4. Alternative Solvents. Solvent regeneration in the
DECAB and DECAB Plus processes relies on the thermal
energy provided by the reboiler and the pH-shift effect
described in section 2, which helps the reduction of this
energy. Both thermal and pH-shift effects in these processes are
influenced by specific amino acid properties. For the purpose of
selecting a solvent that requires less regeneration energy, there
are key solvent characteristics that are of importance, such as
the net CO2 capacity of the solvent, the absorption rates, the
heat of absorption, and the heat capacity of the solvent.49 The
extension of the precipitation reaction during absorption is
important to the reduction of the regeneration energy, since the
formation of more amino acid precipitates helps to decrease the
pH of the new rich stream formed when a fraction of the

Figure 2. DECAB Plus process based on precipitating potassium taurate with LVC. The ratio of the total taurine concentration to the total
potassium concentration in solution is indicated below the name of each stream. This ratio can be 1 (equimolar solution), higher than 1 (solution
with less potassium than the equimolar solution and, therefore, lower pH0), or less than 1 (solution with more potassium than the equimolar solution
and, therefore, higher pH0).
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supernatant is recycled. The precipitates need to be dissolved
for the pH-shift effect to be effective. Therefore, the amino acid
solubility, which is relevant to the precipitation, and heat of
dissolution, which is relevant to the dissolution of the
precipitates, are also important properties for the selection of
an alternative solvent for these processes.
With the aim of finding alternative solvents to potassium

taurate, the properties of natural amino acids were screened in
this work in order to improve process performance. The
solvent screening strategy was based on the improvement of the
process performance with no-recycle (i.e., no pH-shift effect).
The desired amino acid properties for a successful implemen-
tation in a DECAB-like process are high capacity for CO2, high
stability, and relatively higher solubility and lower heat of
dissolution than taurine. In order to improve the CO2 capacity,
amino acids with hindered amino groups were targeted, since
they generally show higher absorption capacity than primary
amino groups.22 Another relevant characteristic is the
precipitate type that is formed during the absorption of CO2.
The more hindered amino acid species tend to form different
precipitates than taurine. In some cases, a mixture of amino acid
and KHCO3 is formed,50 or in other cases, only KHCO3 is

formed.43 Although these precipitates are different from the
baseline solvent, they are seen as beneficial because they help to
increase the net loading (recycling less CO2 to the absorption
column), they will also induce a pH change (the combination
of amino acid and HCO3

− is more acidic than the pure
bicarbonate solution), and they offer the possibility of
concentrating the rich solution in CO2.
Table 1 shows a summary of the amino acids considered

most relevant for this application based on these properties.
The starting candidates selected were α-alanine or its derivative,
2-methylalanine (2-aminoisobutyric acid), and the 6-amino-
hexanoic acid. The CO2 absorption equilibrium isotherms of
solutions of the amino acids listed in Table 1 were measured in
a well stirred jacketed autoclave at two temperatures (40 and
120 or 130 °C) and concentrations within the precipitation
regime of the amino acids. The details of the experimental
procedure and results can be found in the Supporting
Information to this paper. Absorption mass transfer rates are
also important; however, they have not been included at this
stage because the models developed for DECAB and DECAB
Plus are based on equilibrium. Nevertheless, the relative
absorption rates of the solvents with respect to a 30 wt %

Figure 3. DECAB Plus process based on precipitating potassium taurate with multiple absorber feeds. The process areas with lower pH are
highlighted in red. The ratio of the total taurine concentration to the total potassium concentration in solution is indicated below the name of each
stream. This ratio can be 1 (equimolar solution), higher than 1 (solution with less potassium than the equimolar solution and, therefore, lower pH0),
or less than 1 (solution with more potassium than the equimolar solution and, therefore, higher pH0).

Table 1. List of Amino Acids Relevant for Implementation in a DECAB Process Configuration

amino acid formula abbreviation Mw (g/mol) melting point51 (°C) solubility51 (g/100 mL)

taurine C2H7NO3S TAU 125 328.0 9.49
α-alanine C3H7NO2 ALA 89 316.5 16.58
2-aminoisobutyric acid (2-methylalanine) C4H9NO2 AIB 103 335.0 12.06−18.40
6-aminohexanoic acid (ε-aminocaproic acid) C6H13NO2 6-AHA 131 205.0 50.50
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MEA solution were inspected during the absorption experi-
ments by comparing the time to reach equilibrium of the
different solvents and MEA. This procedure was used to rule
out solvents with substantially lower absorption rates than
MEA. The precipitates formed during absorption were analyzed
by the phosphoric acid method in order to determine the
presence of carbonates in the precipitates. The experimental
procedure is described in the Supporting Information.

4. MODEL DEVELOPMENT

An equilibrium process model (VLEMS) has been developed
for aqueous solutions of amino acids and MEA and has been
used for the evaluation of the different process configurations
proposed in this work. The absorption and desorption
performances are estimated by a series of equilibrium stages
where the mass balances, enthalpy balance, and equilibrium
relations are simultaneously solved, providing the temperature
and composition profiles and the reboiler energy. The model is
based on the following assumptions:

• The only components that are considered in the VLE
calculations are CO2 and water. Amino acids are non-

volatile, and in the case of amines, the vaporization is
neglected.

• Each stage is assumed to be well mixed, and process
conditions and gas and liquid composition are uniform in
each stage.

• Temperature, pressure, and material equilibrium are
reached in each stage.

• The reboiler is considered as an equilibrium stage
• Heat losses are not considered.

The vapor−liquid−solid equilibrium (VL(S)E) data for the
amino acid salts under investigation are necessary to estimate
solid−liquid partition and vapor−liquid equilibrium (VLE)
under different conditions. In our previous work,47 a conceptual
design methodology was introduced, which required three
different experimental tests: the pH determination of solutions
containing different concentrations of amino acid and
potassium hydroxide, the measurement of the VLE on those
solutions at different temperatures, and the determination of
the weight of solids and solid type formed during CO2
absorption in those solutions. The results of each experiment
were fitted to empirical expressions that provided the
estimation of the VL(S)E under different conditions.47

Table 2. Empirical Representation of the VL(S)E for the Different Solvents under Investigation (Potassium Taurate [KTAU],
Potassium Alanate [KALA], and MEA) and the Corresponding Solvent Vapor Pressuresa

parameter

KTAU
VL(S)E,b

eq 1

KALA
VL(S)E,c

eq 1

MEA
VL(S)E,d

eq 1
KTAU vapor pressure,e

eq 2
KALA vapor pressure,f

eq 2
MEA vapor pressure,g

eq 3

A −15.44 16.02 42.49 0.47 −1.80 −5.939 × 10−2

B 9419.69 −6229.32 −17691.20 67.86 99.08 7.621 × 10−3

C 7.87 10.24 −30.10 −0.45 9.00 −1.90 × 10−4

D 1534.81 0 22210.31 0.00 0.00 2.137 × 10−6

E 1536.86 0 −5531.43 0.00 0.00 0.00
F 64.52 0 0.00 0.00 0.00 0.00
G 3.26 0 0.00 0.00 0.00 0.00
H −1561.5 0 0.00 0.00 0.00 0.00

Regression Results
multiple R 0.984 0.986 0.989 0.989 0.985 0.986
standard error 0.322 0.378 0.476 0.04 0.06 0.05
number of observations 118 28 112 179 227 300
SSEh 24900 2633 7.94 × 107 0.06 0.08 0.07
ARD%i 24.8% 27% 41% 3% 5% 3%
aThe coefficients in eqs 1, 2, and 3 are obtained by multiple linear regression, which requires the linearization of the equations. bDerived for
potassium taurate solutions with [TAU/K] from 1 to 1.3 and temperatures from 40 to 130 °C.47 cDerived for potassium alanate solutions,
equimolar, and temperatures of 40 and 120 °C (this work). dDerived for 30 wt % MEA based on the data from Lee52 and Shen and Li.53 eDerived
for potassium taurate solutions with concentrations from 2 to 6 M.47 fDerived for potassium alanate solutions with concentrations from 2 to 6 M
(this work). gDerived for MEA solutions of 30 wt %.47 hSSE: sum of squared errors between the experimental and model values. iARD%: averaged
relative deviation between the experimental and model values. jEquations:

α α α α= + + · + · + · + ·

+ · + ·

P A
B
T

C D
T

E
T

F
T

G H
T

ln( )
ln( )

pH
pH

(1)CO
2

0
0

2
eq

= − +
·

+ · · ·⎜ ⎟
⎛
⎝⎜

⎛
⎝

⎞
⎠

⎞
⎠⎟P A

B X
T

C x x P1 (2)H O s
s s

H O2 2
0

= + · + · + ·P A B T C T D T (3)H O 2 32

PCO2
eq

is the equilibrium CO2 partial pressure (kPa), P
H2O is the vapor pressure of the solutions (bar), PH2O

0

is the pure water vapor pressure (bar), a
is the CO2 loading (mol of CO2/mol of AmA), T is the temperature (°C), pH0 is the initial pH of the solution, and xs is the total mole fraction of
amino acids and potassium in solution.
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Table 2 shows the empirical expressions used to estimate the
VL(S)E of CO2 in 4 M potassium taurate,47 4 M potassium
alanate (measured in this work), and MEA (from literature
data52,53) solutions and the correlations to estimate the water
vapor pressure of these solutions under different conditions. In
the equilibrium model, a constant value of 0.8 Murphree
efficiency is applied at every stage for CO2. This value was
selected to fit the experimental results of Knudsen54 for MEA,
which were conducted at the pilot plant of Dong at the Esbjerg
power plant station. For the other solvents (potassium taurate
and alanate), the same value of the Murphree efficiency was
used due to the lack of pilot plant experimental results with
these solvents. This assumption is equivalent to assuming
similar absorption rates to MEA for these two solvents and
could lead to loadings that deviate from those attainable under
real operating conditions. Although this could be a limiting
factor for future process implementation, it was considered
acceptable for the conceptual design because the objective is to
screen multiple solvents and process configurations. The model
assumptions could be checked in future studies for an optimal
solvent and process configuration. The heat of absorption/
desorption of CO2 is calculated by differentiating eq 1 in
footnote j of Table 2 with respect to 1/T. The heat of
vaporization of water and the heat capacity of steam are
calculated with the equations from the Steam Tables of the
IAPWS-IF97 industrial standard.55 The molar gas heat capacity
for CO2 is calculated with equations from the NIST database.56

In the case of liquid enthalpy calculation, the overall heat
capacity of the entire solution is used. A representative constant
value has been used for taurine57 and alanine.58 This method
neglects the addition of CO2 to the liquid. Solvent density is
considered equal for all trays and given a representative
constant value which has been derived from the literature.58

A number of process variables are important to the
evaluation of the DECAB and DECAB Plus process concepts:

• Taurine-to-potassium molar ratio ([TAU/K]): Repre-
sents the ratio of the total concentration of taurine to the
total concentration of potassium, which is equal to the
concentration of KOH used to prepared the amino acid
salt solution.

• Initial pH of taurine−KOH solutions (pH0): Represents
the pH of an aqueous solution of taurine and KOH
measured at 40 °C. It is related to [TAU/K], as shown in
our previous work:47

= +

⎛
⎝⎜

⎞
⎠⎟fpH

[TAU]
[K ]0 (4)

• Recycle split fraction (RSF): Represents the fraction of
the liquid supernatant (excluding the solid phase) that is
recycled to the absorber column.

=
−

L
L S

RSF R
(5)

Here, LR represents the flow (kmol/s) of the recycle
stream, L represents the flow (kmol/s) of the total rich
stream leaving the absorber, and S represents the flow
(kmol/s) of the solid phase.

• Specific regeneration energy: The energy necessary for
regeneration, calculated by the process model consider-
ing the reboiler duty and the energy required to power
the compressor, in the cases where the LVC is applied.

An isentropic efficiency of 88% and a driver efficiency of
85% are assumed in the calculations of compressor
power. The results are presented as steam equivalent
(GJ/tCO2) energy that will result in the same turbine
power loss as deducting the compressor power from the
gross turbine power output, according to the formula

λ
= +Q Q

W
t R

COMP
(6)

In the equation above, Qt is the total specific
regeneration energy, QR is the estimated reboiler duty
for solvent regeneration, and WCOMP is the estimated
work for the LVC compressor. The term λ accounts for
the loss of turbine power due to steam extraction for the
reboiler. This factor depends on the necessary steam
quality and is derived for each case from the power plant
and capture plant integration correlations developed by
Le Moullec.35 Equation 6 should only be used to
compare cases were the steam quality is similar.

• Total power plant parasitic load: The integration of
DECAB and DECAB Plus into coal fired power plants
requires the use of two different energy sources. On one
hand, the reboiler needs saturated steam at pressures
between 3 and 4 bar, depending on the reboiler
conditions. On the other hand, the separator requires
low grade energy for the dissolution of crystals. In this
case, steam of very low pressure (ca. 1 bar) has been used
in order to provide the necessary energy required by the
separator heat exchanger. The model developed by Le
Moullec35 was used to calculate the parasitic load to a
hypothetical power plant with implemented capture
based on DECAB and DECAB Plus.

= + + +W W W W Wt R LVC SEP COMP (7)

Here, Wt (kWh/tCO2) is the total power plant
parasitic load, WR (kWh/tCO2) is the equivalent work
needed for the reboiler, WLVC (kWh/tCO2) is the energy
required by the LVC compressor, WSEP (kWh/tCO2) is
the equivalent work required by the separator, and
WCOMP (kWh/tCO2) is the energy required to compress
the CO2 from the pressure at the top of the stripper to
110 bar.

5. RESULTS AND DISCUSSION
5.1. Baseline Case Optimization. The optimization of the

lean loading without any recycle (DECAB configuration) at
different reboiler temperatures is shown in Figure 4. The
minimum specific reboiler duty occurs at a CO2 loading of
0.26−0.27 mol of CO2/mol of TAU for every temperature. The
effect of the reboiler operating temperature is not very
substantial but is appreciable from the results in Figure 4.
Higher reboiler temperatures lead to lower specific reboiler
duties due to a more favorable water to CO2 ratio at the
stripper’s top stage conditions. For every temperature analyzed
in Figure 4, the reboiler pressure was fixed at the value that
provides the optimum lean loading. Subsequently, the recycle
split fraction (RSF) was varied from 0 to 50% in order to
induce the pH-shift effect of the DECAB Plus process
configuration. This broad range was selected in order to
study the influence of the pH-shift effect in a broad operating
range. The results of the slurry tests in our previous work47

indicate that the [TAU/K] ratio should be restricted to a range
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from 1 to 1.2 to avoid the presence of any solids in the new rich
stream fed to the stripper. The values of the RSF above 40% fall
outside this range; however, they have been included in the
simulations in order to develop a full understanding of the pH-
shift effect. Figure 5 shows the optimization of the RSF at

different reboiler temperatures. The DECAB Plus process
configuration reduces the specific reboiler energy by 27−29%
depending on the operating reboiler temperature. For all
temperatures, the value of the RSF that minimizes the specific
reboiler duty is around 30%. For higher values of the RSF, the
net capacity of the solvent is considerably reduced due to the
recycle of the absorbed CO2 back to the absorber column. For
these cases, the solvent flow needs to be increased substantially,
to maintain the CO2 removal percentage at 90%, leading to an
increase in the required reboiler duty. For the DECAB Plus
configuration, lower reboiler temperatures lead to lower specific
reboiler duties, despite the fact that for the DECAB
configuration (i.e., 0% RSF) the opposite behavior was found.

This change can be explained by the variation of the pH-shift
effect with temperature. Figure 6 shows the influence of pH0 on

the equilibrium partial pressure of CO2 at optimum lean
loading conditions. When the pH0 is decreased, the equilibrium
partial pressure of CO2 increases significantly. However, for
higher values of temperatures, the effect becomes less
prominent, as indicated by the reduction in the slope of the
PCO2 vs pH0 lines represented in Figure 6. Therefore, the RSF
has a more marked effect on the reboiler duty at lower
temperatures than at higher temperatures.
For further optimization of the DECAB Plus process, the

reboiler temperature and the RSF were fixed and the separator
temperature was decreased from 40 to 25 °C. The implications
for the process are the precipitation of more solids, the need of
extra cooling duty in the separator, and the increase in the
specific energy required to re-dissolve the precipitates. This
modification results in higher [TAU/K] in the new rich stream
for equal values of the RSF. Figure 7 shows the results for a
reboiler temperature of 120 °C and 20% RSF. Although the

Figure 4. Optimization of specific reboiler duty with respect to
reboiler temperature for potassium taurate and the DECAB process
configuration illustrated in Figure 1. Simulations were performed at a
constant recycle split fraction (RSF) of 0% and constant CO2 removal
of 90%.

Figure 5. Optimization of the reboiler duty with respect the recycle
split fraction (RSF) at different temperatures for the DECAB Plus
process configuration illustrated in Figure 1. Simulations were
performed at the optimum lean loading for every temperature and a
constant CO2 removal of 90%.

Figure 6. Influence of pH0 on the equilibrium partial pressure of CO2.
Simulations were performed at a constant loading, corresponding to
the optimum lean loading.

Figure 7. Variation of the reboiler and separator duties with the
separator operating temperature for the DECAB Plus process concept
illustrated in Figure 1. Simulations are done at fixed reboiler
temperature (120 °C), 20% recycle split fraction (RSF), and a
constant CO2 removal of 90%.
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optimal value found for this variable is 30% (Figure 5), the
reduction in the reboiler duty when the RSF increases from 20
to 30% is not significant and it will imply the processing of a
more dense slurry and a larger recycle stream (with
implications to the sizing of the absorption process).
Decreasing the separator operating temperature results in
lower reboiler duties due to the extra pH-shift effect induced by
a higher [TAU/K] ratio in the new rich stream. However, as
indicated in Figure 7, this also increases the specific separator
energy.
5.2. Lean Vapor Compression (LVC). For the evaluation

of the LVC addition to the DECAB and DECAB Plus concepts,
several simulations were performed at different reboiler
temperatures. The reboiler pressure was kept constant at the
value that minimized the specific reboiler duty for every
temperature. The pressure in the flash vessel was decreased
gradually, starting from a value equal to the reboiler pressure, to
atmospheric conditions. The results of these simulations are
shown in Figure 8 for reboiler temperatures of 120 and 130 °C.

Figure 8 shows the specific energy requirements of the reboiler,
which include the energy required to power the compressor in
the form of steam that would result in a power loss to the
turbine equivalent to the LVC compressor power. When the
rich stream is flashed, the reboiler duty necessary to regenerate
the solvent is reduced due to the extra steam generated. The
extra steam is then compressed to the reboiler pressure and fed
back to the stripper. As shown in Figure 8, the total energy
required for regeneration decreases with decreasing flash
pressures. However, for flash pressures near atmospheric
conditions, the energy required by the compressor becomes a
dominant contributor to the total energy requirements and,
therefore, the specific energy requirements raise. At 120 °C, a
pressure difference between the reboiler and the flash vessel of
0.69 bar provides a minimum in the total energy required. At
130 °C, the minimum is reached at a pressure difference of 1.10
bar. The reductions in the specific energy requirements are 7.9
and 7.7% for 120 and 130 °C, respectively. However, operating
the reboiler at 130 °C requires condensing steam of higher
pressure than at 120 °C. The implications of changing the
steam quality are further discussed in section 5.5.

The influence of LVC on the DECAB Plus process
configuration was also investigated at constant reboiler
temperatures and pressures. Figure 9 shows the influence of

the LVC flash pressure on the specific regeneration energy at
120 °C and different values of the RSF. The effect of flashing
the lean stream on the total energy required to regenerate the
solvent is similar for every value of the RSF. In relative terms,
the value of the initial specific energy is reduced from 7.9 to
10.0% when the RSF increases from 0 to 40%.

5.3. Multiple Absorber Feeds. This process configuration
is most appropriated for the cases with a high RSF (above 30%)
where the recycle of the absorbed CO2 back to the absorber
column reduces considerably the net capacity of the solvent
(see section 5.1). The configuration aims, a priori, to increase
solvent capacity by using a stream at the top of the absorber of
a lower CO2 loading. For this purpose, the recycle and the new
lean stream leaving the stripper are split in two. One fraction of
the recycle stream is mixed with the major fraction of the new
lean stream from the stripper and sent to the top of the
absorber (Figure 3). The remaining fraction of the recycle
stream is fed at an intermediate stage of the absorber together
with the remaining fraction of the new lean stream (if there is
one). The effect of this configuration on the required reboiler
duty is shown in Figure 10. For this case, the RSF was fixed at
30%, which is a relatively high value at which the net capacity of
the solvent starts to decline. The new lean stream was entirely
sent to the top of the absorber, and the fraction of the recycle
stream that is mixed with it was gradually decreased from 100%
(all the recycle stream is mixed with the new lean stream,
resulting in a [TAU/K] of 1) to 80% (only 80% of the recycle
stream is mixed with the new lean stream, resulting in a [TAU/
K] higher than 1). By splitting the recycle stream, the pH0 in
the lean stream decreases from 11.77 (value that corresponds to
the equimolar solution, [TAU/K] = 1.00) to 10.54 (value that
corresponds to [TAU/K] = 1.02). The loading of the lean
stream also decreases from 0.29 mol of CO2/mol of TAU to
0.26 mol of CO2/mol of TAU. However, this modification does
not have a positive effect on the reboiler duty, which increases
gradually. This is due to the effect that pH has on the
equilibrium absorption of CO2. The equilibrium partial

Figure 8. Optimization of LVC flash pressure for the DECAB process
concept with LVC illustrated in Figure 2. Simulations were performed
at constant reboiler pressure corresponding to the optimal value for
every temperature, no recycle split fraction (0% RSF), and a constant
CO2 removal of 90%.

Figure 9. Effect of LVC flash pressure on the specific regeneration
energy for the DECAB Plus process concept with LVC illustrated in
Figure 2. Simulations were performed at constant reboiler temperature
(120 °C), different values of the recycle split fraction (0−40% RSF),
and a constant CO2 removal of 90%.
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pressure of CO2 at the top of the absorber increases with lower
pH0 and decreases with lower CO2 loadings. The reduction in
the pH0 of the lean stream has a substantial impact on the
reboiler duty due to the reduction in solvent capacity, which is
not compensated by the reduction in lean loading obtained in
this process configuration. Therefore, the multiple absorber
feeds configuration leads to a higher reboiler duty than in the
other process configurations. For this reason, this alternative
was discarded for further evaluation.
5.4. Alternative Solvents. The absorption capacity of a

selected number of amino acids was investigated at 40 and 120
°C or 130 °C and compared to potassium taurate. Figure 11
shows the isotherms for the absorption of CO2 in these
solvents. The majority of the solutions tested showed higher
absorption capacity (on a mol-to-mol basis) than potassium
taurate at partial pressures of CO2 relevant for flue gas
application (ca. 10 kPa). With respect to regeneration, the 6-
aminohexanoic acid solution (6-AHA) showed a lower partial
pressures of CO2 than taurine at 120 °C, which implies that
more stripping steam will be required to regenerate this solvent
with the consequent impact on the thermal regeneration
energy. The 4 M 2-aminoisobutyric acid (AIB) solution
required a temperature of 130 °C in order to obtain a similar
isotherm to the other amino acids at 120 °C. The low CO2
partial pressures obtained initially at 120 °C indicated that this
temperature was not suitable for an effective regeneration of
this solution. Raising the temperature to 130 °C was not
required when the AIB concentration was reduced to 2 M, but
this reduces the bulk capacity of the solution.
The critical points for solvent precipitation were determined

by visual inspection of the samples during CO2 absorption.
These points are shown in Figure 11 by empty markers. In the
6-AHA sample, precipitates were formed at relatively high
liquid loadings of 0.6 mol of CO2/mol of AmA. This is to be
expected, since this amino acid is more soluble than the other
amino acids tested. However, in the case of α-alanine and 4 M
AIB, precipitation occurred at lower loadings than taurine, 0.26
and 0.15 mol of CO2/mol of AmA, respectively, despite these
two amino acids being more soluble. Decreasing the
concentration of AIB from 4 to 2 M shifted the precipitation
point to 0.64 mol of CO2/mol of AmA. These results have an
effect on the application of these solutions to the DECAB and

DECAB Plus processes. In the 6-AHA solution, precipitates are
formed at a high CO2 partial pressure, which decreases the
enhancement effect during absorption. On the other hand, in
the 4 M AIB solution, precipitates are formed at very low CO2
partial pressures, which will require a deep regeneration to keep
the lean loading below the critical point for precipitation. This
issue can be solved by reducing the AIB concentration, but this
will also reduce the bulk CO2 capacity of the solution.
Considering the absorption and precipitation characteristics,

the most promising amino acid tested is α-alanine. The
potassium alanate solution tested had higher specific capacity
than taurine and a similar regeneration isotherm. Other
attractive properties of α-alanine for its application in
DECAB and DECAB Plus processes are higher solubility
than taurine and much lower dissolution energy.59,60 Therefore,
this amino acid was included in the process model in order to
evaluate its performance in a DECAB configuration.
The DECAB process based on 4 M potassium alanate is

essentially the same as the one for potassium taurate, which has

Figure 10. Effect of multiple absorber feeds on the DECAB Plus
process concept illustrated in Figure 3. Lean stream loading and
reboiler duty vs pH0 in the lean stream. Simulations were performed at
a constant reboiler temperature (120 °C) and a constant CO2 removal
of 90%.

Figure 11. Absorption equilibrium of CO2 (VLE) in aqueous amino
acid solutions at different temperatures measured in this work. The
legend indicates the total concentrations of amino acid and potassium
hydroxide (KOH) in solution. The empty markers indicate the
presence of solids in the liquid phase at equilibrium.
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been described in section 2. For process evaluation, the
absorption data of CO2 on potassium alanate and the vapor
pressure data of the potassium alanate solution were fitted to
eqs 1 and 2 in footnote j of Table 2, respectively. The empirical
correlations presented in this table were used to describe the
VLE of this solvent.
The precipitation characteristics of potassium alanate were

further investigated by analyzing the precipitates formed using
titration to determine the amino acid concentration and
phosphoric acid analysis to determine the presence of
bicarbonates in the precipitate. The potassium salt of α-alanine
solution formed a slurry containing 21 wt % (dry) solids of
which 13 wt % (dry) were bicarbonate species. The analysis
procedure and experimental data are provided in the
Supporting Information. The other necessary physical proper-
ties were retrieved from the literature as explained in section 4.
For a DECAB configuration basis, the optimization of the

lean loading for potassium alanate at different reboiler
temperatures is shown in Figure 12. The minimum specific

reboiler duty occurs at a CO2 loading of 0.32−0.33 mol of
CO2/mol of ALA. At this loading, the specific reboiler duty for
potassium alanate is lower than that for potassium taurate (also
included in the figure). Nevertheless, for loadings above 0.26
mol of CO2/mol of ALA, precipitates will form at temperatures
around 40 °C. Therefore, the loading needs to be restricted at
that value to avoid precipitation of the lean stream when it is
fed to the absorber. The minimum reboiler duty is then 3.25
GJ/tCO2, with a reboiler temperature of 130 °C. With the
addition of LVC to the process, the specific regeneration energy
can be reduced to 2.81 GJ/tCO2.
5.5. Evaluation of Process Alternatives. This section

provides an overview of the process concepts analyzed in this
work and their performances. Table 3 shows the performance
of the process configurations investigated and the most optimal
process conditions of each configuration. The evaluation of a
conventional 30 wt % MEA capture process, based on the same
model and assumptions as in the other process configurations,
has been added to the table for comparison. The evaluation is
based on the equivalent work of each configuration, which has
been calculated with the model developed by Le Moullec35 and

includes the energy use of each process configuration, the work
of the LVC compressor (when present), and the work to
compress the CO2 to 110 bar. This model focuses on
retrofitting a coal fired supercritical power plant of 1200MWe
gross with re-superheating of the intermediate pressure steam.
The steam for the boiler is drawn off between the IP and LP
turbines at 5.9 bar, is expanded through an auxiliary turbine to
reduce the pressure to the optimum working pressure in the
reboiler, and then is cooled by preheating the power plant
boiler working water before being fed to the capture plant
reboiler. The reboiler condensate energy (at around 135 °C) is
also used in the preheating train of working water. A similar
scheme could be used for the separator, assuming that the IP/
LP turbine line has enough steam flow to supply the reboiler
and separator and to operate the low pressure turbine. Before
entering the turbine, the pressure of the working steam is
increased proportionally to the drawn off flow rate using a
throttle valve. In this way, the different qualities of steam
required by the separator and the reboiler and the electricity
supply for the compressors are considered. The consumption of
the CO2 compressor (used to deliver the CO2 at a pressure of
110 bar) is also calculated with this model, considering the
differences in the delivery pressure of the CO2 stream from the
stripper.
The lean loading of the MEA and TAU process

configurations was optimized to minimize the reboiler duty.
In the case of alanine (ALA), the maximum lean loading was
fixed at 0.26 mol of CO2/mol of ALA, because precipitates will
form in the lean stream at 40 °C and higher loadings. This
loading is far from the optimum. Therefore, the reduction in
the overall energy required by the DECAB process when the
solvent is changed from taurine to alanine is not substantial.
The major savings with respect to taurine rely on the lower heat
of dissolution of alanine, resulting in lower energy required by
the separator to dissolve the precipitates.
The optimization of operating conditions was based on the

reduction of reboiler energy. On the basis of potassium taurate,
the DECAB process configuration reduces the reboiler duty but
at the expense of increasing the separator energy. Under the
integration conditions suggested by Le Moullec,35 which might
not be optimal for the integration of the separator energy into
the steam cycle, there is no real gain in the overall energy use of
the DECAB configuration as compared to conventional MEA.
The addition of the LVC to the process reduces the overall

energy requirements of the DECAB process configuration. In
the case of potassium alanate, the required energy is lower than
the MEA baseline with savings of 6%, which is similar to the
savings obtained by adding the LVC to the MEA conventional
process configuration. Nevertheless, the DECAB Plus config-
uration has a net beneficial impact on the energy use of the
capture process. However, the reduction of the reboiler duty by
RSF values over 20% or by reducing the separator temperature
to room temperature does not result in a reduction of the
overall energy required by the capture process. The best
configuration is the DECAB Plus with LVC, which provides
15% energy savings with respect to MEA and 8.5% with respect
to MEA with LVC.

6. CONCLUSIONS
DECAB and DECAB Plus are two novel process concepts
based on precipitating amino acids that can reduce the
regeneration energy required by the CO2 capture process. An
analysis of process conditions and different configurations of

Figure 12. Optimization of specific reboiler duty with respect to
reboiler temperature for potassium alanate and the DECAB process
configuration illustrated in Figure 1. Simulations were performed at a
constant recycle split fraction (RSF) of 0% and constant CO2 removal
of 90%.
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these two process concepts has been conducted on the basis of
the necessary energy to regenerate the solvent. The
configurations analyzed contribute to decrease this energy
with the only exception of the multiple feeds to the absorber.
This configuration was aimed to increase the solvent capacity
by using a lean stream at the top of the absorber column with
lower loading than the DECAB Plus baseline configuration.
However, the lower pH of this stream did not decrease the
regeneration energy as expected.
The developed process configurations also require low-grade

energy to dissolve the precipitates formed during absorption.
The energy requirements of the reboiler and the separator heat
exchanger were added to calculate the overall energy
requirements of the process. The DECAB process config-
uration based on taurine reduces the reboiler energy by 10%
with respect to conventional MEA and by 12% when LVC is
added. However, this reduction is accompanied by an increase
in the energy required by the separator heat exchanger to
dissolve the precipitates. Under the assumptions considered for
the retrofit of these processes into power plants, which are
based on a pre-existing model and are not optimal for the
integration of the separator energy into the steam cycle, the
final energy use of these process alternatives is higher than the
conventional MEA process. Nevertheless, all the DECAB Plus
configurations analyzed reduce the overall energy use of the
capture process with respect to the MEA baseline. The best
process configuration in this study is the DECAB Plus process
configuration based on potassium taurate with a reboiler
temperature of 120 °C and solid−liquid separation at 40 °C.
This alternative reduces the overall energy of the capture
process by 15% compared to the MEA baseline with
compression of the CO2 to 110 bar.
Other amino acid solvents were investigated in this work in

order to explore potential reductions in the energy required by
the DECAB process configuration. Among the solvents
investigated, the potassium salt of α-alanine was identified as
a potential candidate for the application in the DECAB
configuration. The performance of the DECAB configuration
based on potassium alanate is better than potassium taurate due

to the lower heat of dissolution of α-alanine. With the addition
of LVC, it reduces the energy penalty of the MEA baseline by
6%. Considering the benefits that the DECAB configuration
with potassium alanate has over potassium taurate, a DECAB
Plus configuration based on this solvent has the potential to
further reduce the energy requirements of the capture process.
Moreover, a better integration within the steam cycle should
reduced the energy figures presented in this work.
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■ NOTATION
6-AHA 6-aminohexanoic acid
AIB 2-aminoisobutyric acid
ALA α-alanine
AMA amino acid (represents the zwitterion species)
AMAK+ potassium salt of an amino acid (represents the
species that has the amine group deprotonated)
ARD% average relative deviation
LVC lean vapor compression
KALA potassium alanate
KTAU potassium taurate

Table 3. Predicted Performance of Various Solvents and Process Configurations for 90% CO2 Capture from Flue Gas
Originating from a Coal Fired Power Planta

reboiler
S−L

separatorc LVC energy work

process
configuration solvent

T
(°C)

P
(bar)

Ps
(bar)

T
(°C)

RSF
(%)

P
(bar)

QR
(GJ/t)

QSEP
(GJ/t)

WR
(kWh/t)

WLVC
(kWh/t)

WSEP
(kWh/t)

WCOMP
(kWh/t)

WT
(kWh/t)

conventional MEAb 120 1.9 3.13 NA NA 1.9 3.66 0.00 309.8 0.0 0.0 93.6 403.4
conventional
+ LVC

MEA 120 1.9 3.13 NA NA 1.2 3.18 0.00 272.7 9.2 0.0 93.6 375.5

DECAB TAU 120 1.8 3.13 40 0% 1.8 3.31 1.01 282.7 0.0 63.4 95.2 441.3
DECAB ALA 120 1.8 3.13 40 0% 1.8 3.37 0.56 287.4 0.0 35.4 95.2 418.0
DECAB ALA 130 2.5 4.16 0 0% 2.5 3.20 0.55 301.4 0.0 34.7 85.4 421.5
DECAB + LVC TAU 120 1.8 3.13 40 0% 1.1 2.86 0.93 247.5 12.1 58.3 95.2 413.1
DECAB + LVC ALA 130 2.6 4.16 40 0% 1.4 2.52 0.54 242.1 18.2 34.5 84.2 379.1
DECAB Plus TAU 120 1.8 3.13 40 20% 1.8 2.45 0.96 214.8 0.0 60.2 95.2 370.2
DECAB Plus TAU 115 1.5 2.70 40 40% 1.8 2.39 1.24 199.7 0.0 77.0 100.7 377.4
DECAB Plus TAU 120 1.8 3.13 25 20% 1.8 2.26 1.37 199.3 0.0 84.8 95.2 379.3
DECAB Plus
+ LVC

TAU 120 1.8 3.13 40 20% 1.1 2.07 0.88 183.5 9.9 55.1 95.2 343.6

DECAB Plus
+ LVC

TAU 120 1.8 3.13 25 20% 1.1 1.90 1.24 169.1 9.7 77.4 95.2 351.4

aThe working conditions of the reboiler and the solid−liquid (S−L) separator are provided: temperature (T), pressure (P), and the pressure of
condensing steam required (Ps).

bOn the basis of the results of Sanchez Fernandez et al.47 cThe steam pressure (Ps) is 1 bar in all cases.
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RSF recycle split fraction (%)
SSE sum of squared errors
TAU total amount of taurine species (mol)
VLEMS vapor−liquid equilibrium multistage model

Symbols
P pressure (bar)
pH0 pH of a solution containing taurine and KOH (-)
PCO2

equilibrium partial pressure of CO2 (kPa)
Ps steam pressure (bar)
Q specific thermal energy requirement (GJ/tCO2)
T temperature (°C)
W specific work requirement (kWh/tCO2)

Greek Symbols
α liquid CO2 loading (mol of CO2/mol of AMA)

Subindexes
t total
R reboiler
LVC LVC compressor
SEP separator
COMP CO2 compressor
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