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Abstract−Based on the rate-based process simulation, performances of MEA and NH3 based large-scale CO2 capture
in packed columns under different flue gas parameters were investigated. Simulation results show that the CO2 regener-
ation energy for the MEA based process is lower than that for the NH3 based process, which is mainly because the flow
rate of the MEA solution is significantly lower than that of the aqueous ammonia. The MEA leakage concentration is
far lower than the NH3 leakage concentration, and this indicates that the NH3 abatement system should be added for
dealing with the NH3 slip in the NH3 based CO2 capture process. With the flow rate of the flue gas increasing, the liq-
uid gas ratios for both processes decrease, which gives rise to the decrease of the CO2 removal efficiencies for the two
processes. Since the liquid gas ratios are very high, the temperature of the flue gas has little effects on the MEA and
NH3 based CO2 capture processes. The comparative studies on the effects of the flue gas parameters can provide tech-
nical guidance for the pretreatment of the flue gas before CO2 capture.
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INTRODUCTION

Post-combustion CO2 capture with the chemical absorption
method is considered as a feasible way for mitigating the huge CO2

emissions from coal-fired power plants [1]. Categorized by the ab-
sorbent, the chemical absorption methods for CO2 capture from
the flue gas of coal-fired power plant mainly include the MEA [2]
and NH3 [3] based processes. The MEA based CO2 capture pro-
cess has been applied to capture CO2 from the flue gas in pilot-
scale power plants due to its high CO2 reactivity [4,5]. However, it
has low CO2 absorption capacity [6], degradation caused by high
temperature, O2 and acid gases (SO2, NOx, and HCl) [7], corro-
sive problems [8], and high energy requirement for regeneration
[9]. Accordingly, the NH3 based process is considered as a promis-
ing alternative due to its high CO2 absorption capacity, no degra-
dation and corrosion, and simultaneous capture of CO2, SO2, and
NOx [1,10].

Currently, most studies on the MEA and NH3 based CO2 cap-
ture processes focus on small-scale applications, while those at a
scale of 1 million tons CO2 captured annually at a capture efficiency
of 90% are less investigated [11]. From the long run, only the large-
scale CO2 capture can actually mitigate the CO2 emissions from
the power plants significantly. For the large-scale CO2 capture, experi-
mental studies need large capital costs and are not suitable for the
initial technology development, while process simulations provide
an economical and convenient method. Categorized by the descrip-
tion of heat/mass transfer, there are two models for simulating the
MEA and NH3 based processes, namely the equilibrium- and rate-

based models. The equilibrium-based model assumes that the vapor
and liquid phases leaving every stage reach equilibrium, while the
rate-based model considers the actual heat/mass transfer rates and
assumes the equilibrium of the vapor and liquid phases only exists
at their interface [12]. If using the equilibrium-based model, the
overestimated heat/mass transfer rates can lead to overestimated
CO2 absorption rate and correspondingly higher CO2 loading of
the rich solvent flowing out of the absorber. This can further result
in lower regeneration energy due to that the rich solvent directly
flows into the stripper after the heat-exchanger and heater, and it
needs less energy for regenerating the same amount of CO2 if its
CO2 loading is higher. The regeneration energy predicted by Duan
et al. [13] with the equilibrium-based model is significantly lower
than that predicted by Zhang and Guo [14] with the rate-based
model and the experimental results from the Munmorah pilot plant
[15]. The rate-based model is more appropriate for simulating the
MEA and NH3 based CO2 capture processes, which has been con-
firmed by Zhang et al. [16] for the MEA based process, and Ghaemi
et al. [17] for the NH3 based process.

The MEA solution and aqueous ammonia represent two typical
absorbents for the chemical absorption method, and therefore their
comparative studies can give technical guidance for selecting which
one for the large-scale CO2 capture. However, previous compara-
tive studies on the two processes mainly focus on the mass trans-
fer ability [18,19], absorption rate [20], CO2 removal ability [21-
23], absorption capacity [21,24,25], and regeneration energy [15,
26]. Puxty et al. [18] reported that the overall mass transfer coeffi-
cients for the 5 mol/L MEA solution at 40 oC and 60 oC were 1.5-2
times larger than those for the 6 mol/L aqueous ammonia at 20 oC.
Dave et al. [19] reported that at the same CO2 loading, the overall
mass transfer coefficients for the 30 wt% MEA solution at 40 oC
were approximate to those for the 10 wt% aqueous ammonia at
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20 oC. Hsu et al. [20] compared the absorption rates of CO2 into
the MEA solution and aqueous ammonia and found that, in gen-
eral, the absorption rate of CO2 into the MEA is higher than that
of CO2 into aqueous ammonia. Yeh and Bai [21] reported that the
maximum CO2 removal efficiency by aqueous ammonia can achieve
99%, while under the same operating conditions, the maximum
CO2 removal efficiency is 94% by MEA. Niu et al. [22] compared
the capture efficiencies of CO2 by fine spray of MEA solution and
aqueous ammonia and found that under comparable conditions
and with the same absorbent concentrations, the CO2 removal effi-
ciency of using MEA solution is lower than that of using aqueous
ammonia due to the larger stoichiometric ratio of MEA to CO2. Pel-
legrini et al. [23] also confirmed the superiority of aqueous ammo-
nia on CO2 removal ability. Yeh and Bai [21], Ma et al. [24], and
Rivera-Tinoco and Bouallou [25] all reported that comparing to
the MEA solution, aqueous ammonia has a higher CO2 absorp-
tion capacity, and the maximum CO2 absorption capacity of aque-
ous ammonia is three times of that of MEA solution [21]. The lowest
regeneration energy reported from the Munmorah pilot plant (4.0-
4.2 MJ/kg CO2) for the NH3 based process is higher than the typi-
cal regeneration energy (3.7 MJ/kg CO2) for the MEA based pro-
cess [15], but after the optimization by Zhang and Guo [26] using
the rate-based process simulations, the regeneration energy can be
lower than that for the MEA based process.

Although there are many papers discussing the comparisons of
the two processes, effects of the flue gas parameters such as the flow
rate, temperature and CO2 concentration on the two processes in
packed columns are less focused. The difference of the coal com-
bustion due to the different qualities of coal and its combustion
process and following desulfurization, denitration and cooling opera-
tions can all lead to the change of the flow rate, temperature, and
CO2 concentration of the flue gas, which may further affect the CO2

capture process. Niu et al. [27] and Ma et al. [28] performed exper-
iments on the laboratory-scale MEA and NH3 based processes,
respectively, and found that the increase of flow rate of the flue gas
or its CO2 concentration will both lead to the decrease of the CO2

removal efficiency when keeping the concentration of absorbent
constant. But, these experiments only focused on the small-scale
MEA and NH3 based CO2 capture processes. Meanwhile, effects of
flue gas parameters on the solvent leakage, CO2 output and regen-
eration energy were not included in these comparisons [18-26].
Here, the CO2 output is the flow rate of CO2 in the gas product
flowing out of the stripper. Besides, the reaction column is also a
critical consideration for the MEA and NH3 based process. Puxty
et al. [18] and Dave et al. [19] measured the overall mass transfer
coefficient using a wet-wall column. Hsu et al. [20] measured the
absorption rate with a stirred vessel. Yeh and Bai [21] and Pellegrini
et al. [23] measured the CO2 removal efficiency using a semi-con-
tinuous flow reactor. Niu et al. [22] measured the CO2 removal effi-
ciency with a fine spray column. Ma et al. [24] measured the CO2

removal efficiency using a bubble reactor. Rivera-Tinoco and Boual-
lou [25] meansured the CO2 absorption capacity with a thermo-
stated glass reactor of Lewis-type. However, for actual industrial
applications, the packed columns having high separation perfor-
mance are often adopted. The vapor-liquid mass transfer behavior
in packed columns is different from that in wet-wall column, stirred

vessel, semi-continuous flow reactor, bubble reactor, and thermo-
stated glass reactor of Lewis-type, and fine spray column. Yu et al.
[15] adopted the packed columns but did not consider the effects
of flue gas parameters on the two CO2 capture processes, while the
focus is mainly on the NH3 based CO2 capture process.

Thus, in this paper, the rate-based process simulations of the large-
scale MEA and NH3 based CO2 capture processes in packed col-
umns were carried out. Effects of the parameters of the flue gas
such as the flow rate, temperature, and CO2 concentration on the
two CO2 capture processes were investigated and compared. The
comparative studies on effects of the flue gas parameters can pro-
vide technical guidance for the pretreatment of the flue gas before
CO2 capture.

MEA AND NH3 BASED CO2 CAPTURE PROCESSES

Simplified flow diagram for the MEA and NH3 based large-scale
CO2 capture processes is shown in Fig. 1. For the two processes,
the major difference is the absorbent adopted for capturing the CO2

in the flue gas, in which the MEA based process adopts the MEA
solution while the NH3 based process adopts the aqueous ammo-
nia solution. After the desulfurization, denitration and cooling opera-
tions, the flue gas flows into the absorber and contacts countercurrent
with the lean absorbent flowing into the absorber from its top. In
the absorber, the lean absorbent absorbs the CO2 in the flue gas
and turns into the rich absorbent. Then, the rich solvent directly
flows into the stripper after heat-exchanger and heater. Steam is
introduced for regenerating the rich solvent and the regenerated
CO2 is used for the following storage or utilization. The absorbers
in the MEA and NH3 based CO2 capture processes are often oper-
ated at the normal pressure. This is particularly appropriate for large-
scale CO2 capture process because the flow rate of the flue gas is
very high and it will cost too much energy for compressing the flue
gas. The stripper in the MEA based CO2 capture process can be
operated at significantly or slightly evaluated pressures [13,29]. This
stripper in the NH3 based process can also be operated at the nor-
mal pressure or significantly evaluated pressures [14,15]. Compared
with the evaluated pressures, regeneration at normal pressure can
reduce the regeneration temperature and further reduce the require-
ment for the steam from the power plant. In this paper, the absorber

Fig. 1. Simplified flow diagram for the MEA and NH3 based CO2
capture processes.
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and stripper are both operated at the normal pressure.
In addition, according to the rate-base process simulations of

the NH3 based large-scale CO2 capture process reported by Zhang
and Guo [14], both the absorber and stripper adopt packed col-
umns, and the packing material is DZ-II-750Y packing. The inner
diameter and packed height of the absorber are 12.0 m and 20.0 m,
respectively. The inner diameter and packed height of the stripper
are 10.0 m and 12.0 m, respectively. In the MEA and NH3 based
processes, the condenser temperatures are both set as 30 oC while
the boilup ratios are set as 0.17 and 0.35, respectively. Here, the boi-
lup ratio is the vapor flow rate at the last stage to the bottom liq-
uid product [12]. For the two processes, the temperatures of the
rich solvents flowing into the stripper are both set as 90 oC.

For the full flue gas from a typical 500 MW coal-fired power
plant, the absorber will be too huge if keeping the CO2 removal
efficiency above 90% [14], and therefore Zhang and Guo [14] sug-
gested capturing part of the full flue gas. Since there is no fully ver-
ified or commercialized CO2 capture process at the scale of 1 million
tons CO2 captured annually at a capture efficiency of 90% at pres-
ent [11], we considered part of the full flue gas after the desulfur-
ization, denitration and cooling operations from a typical 500 MW
coal-fired power plant. According to Ref. [30], the parameters of
part of the full flue gas are shown in Table 1, if keeping the CO2 re-
moval efficiency as 90%, the CO2 captured annually can reach 1 mil-
lion tons. When studying the effects of the parameters of the flue
gas, if one of the flow rate, temperature, and CO2 concentration
changes, the other two are assumed unchanged. When changing
the CO2 concentration in the flue gas, we keep the sum of the vol-
ume concentrations of N2, CO2, H2O and O2 as 1.0 by adjusting
the N2 concentration.

The properties of the absorbents for the MEA and NH3 based
large-scale CO2 capture processes are shown in Table 2. The MEA
solution adopted the typical 30 wt% MEA solution, while the aque-
ous ammonia adopted the optimized concentration 3.0 mol·L−1 [14].
Their CO2 loading and temperature of the two absorbents also re-
ferred to Ref. [14]. Their flow rates are determined by using the
rate-based model built in the next section. Under these flow rates,
the CO2 removal efficiencies of the two CO2 capture processes can
both reach 90%. Besides, although the chilled ammonia process
was developed by Alstom for dealing with the NH3 slip problem,
it still suffers precipitation problem and high energy requirement
for chilling the flue gas and absorbent [31]. Also, if adopting the
chilled ammonia process, it still needs the NH3 abatement system

for reducing the NH3 leakage concentration to the environmental
requirement [31]. Thus, in this paper, the aqueous ammonia adopted
the optimized absorbent temperature 38 oC in Ref. [14].

RATE-BASED MODEL

1. Model Specification
The rate-based model was built for simulating the MEA and NH3

based CO2 capture processes. The core of the rate-based model is
describing the actual heat/mass transfer and chemical reactions.
The Redlich-Kwong equation of state and the Electrolyte-NRTL
method are used for computing properties of the vapor and liquid
phases, respectively. Detailed descriptions of the Redlich-Kwong
equation of state and the Electrolyte-NRTL method can be found
in our previous work [32]. In this paper, CO2, NH3, and N2 are seen
as the Henry components, and their vapor-liquid equilibriums are
described with the Henry’s law. Meanwhile, the vapor-liquid equi-
librium of the solvent water is described with the Raoult’s law. The
Henry’s constants of CO2, NH3, and N2 are obtained with the fol-
lowing correlation:

(1)

in which Aij, Bij, Cij, Dij, Eij are the related parameters, as shown in
Table 3. The flow model is set as countercurrent. The liquid holdup
is determined by using the method reported by Chen [33], and
4% of the free volume of the column is chosen in this paper. The heat
transfer coefficient is estimated with the Chilton-Colburn method

Hij T, p( ) = Aij + 
Bij

T
----- + Cij T + DijT + 

Eij

T2
-----,lnln

Table 1. Parameters of part of the full flue gas from a typical 500 MW coal-fired power plant

Flow rate,
kg/s

Pressure,
kPa

Temperature,
oC

Volume concentration, vol%
N2 CO2 H2O O2

185.7 101.3 50.0 71.29 12.43 11.84 4.44

Table 2. Properties of the absorbents for the MEA and NH3 based large-scale CO2 capture processes
Absorbent Flow rate, m3/s Concentration, mol·L−1 CO2 loading, [C]mol/[N]mol Pressure, kPa Temperature, oC
MEA solution 0.495 MEA: 5.0 0.23 101.3 38
Aqueous NH3 2.050 NH3: 3.0 0.23 101.3 38

Table 3. Temperature-dependent binary parameters-HENRY
Component i NH3 CO2 N2

Component j H2O H2O H2O
Temperature units K K K
Property units Pa Pa Pa
Aij −133.463 170.713 176.507
Bij −157.552 −8477.71 −8432.77
Cij 28.1001 −21.9574 −21.558
Dij −0.049227 0.00578075 −0.00843624
Eij 0 0 0
TLOWER 273 273 273
TUPPER 498 500 346
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[34]. The mass transfer coefficient and interfacial area are estimated
with the empirical correlation formulas developed by Bravo et al.
[35]. Other relevant coefficients are obtained from the default cor-
relations in Aspen Plus [12].

There are two models for describing the chemical reactions in
the MEA-CO2-H2O or NH3-CO2-H2O system: chemistry and kinetic
models. For the chemistry model, all chemical reactions are equi-
librium reactions. As for the kinetic model, it adds the kinetic reac-
tions of CO2 with NH3 and OH− which describe the chemical re-
actions more precisely. The absorber and stripper both adopt the
kinetic model, except that the condenser and reboiler stages adopt
the chemistry model. The settings of the reaction model for the

Table 4. Chemistry and kinetic models for the MEA-CO2-H2O sys-
tem

Reaction
ID Reaction type Chemical equation

Chemistry model for the MEA-CO2-H2O system
1 Equilibrium 2H2O↔H3O++OH−

2 Equilibrium CO2+2H2O↔HCO3
−+H3O+

3 Equilibrium HCO3
−+H2O↔CO3

2−+H3O+

4 Equilibrium MEAH++H2O↔MEA+H3O+

5 Equilibrium MEACOO−+H2O↔MEA+HCO3
−

Kinetic model for the MEA-CO2-H2O system
1 Equilibrium MEAH++H2O↔MEA+H3O+

2 Equilibrium 2H2O↔H3O++OH−

3 Equilibrium HCO3
−+H2O↔CO3

2−+H3O+

4 Kinetic CO2+OH−

→HCO3
−

5 Kinetic HCO3
−

→CO2+OH−

6 Kinetic MEA+CO2+H2O→MEACOO−+H3O+

7 Kinetic MEACOO−+H3O+
→MEA+CO2+H2O

Table 5. Chemistry and kinetic models for the NH3-CO2-H2O sys-
tem

Reaction
ID Reaction type Chemical equation

Chemistry model for the NH3-CO2-H2O system
1 Equilibrium 2H2O↔H3O++OH−

2 Equilibrium CO2+2H2O↔HCO3
−+H3O+

3 Equilibrium HCO3
−+H2O↔CO3

2−+H3O+

4 Equilibrium NH3+H2O↔NH4
++OH−

5 Equilibrium NH3+HCO3
−

↔NH2COO−+H2O
6 Salt NH4HCO3(S)↔NH4

++HCO3
−

Kinetic model for the NH3-CO2-H2O system
1 Equilibrium NH3+H2O↔NH4

++OH−

2 Equilibrium 2H2O↔H3O++OH−

3 Equilibrium HCO3
−+H2O↔CO3

2−+H3O+

4 Kinetic CO2+OH−

→HCO3
−

5 Kinetic HCO3
−

→CO2+OH−

6 Kinetic NH3+CO2+H2O→NH2COO−+H3O+

7 Kinetic NH2COO−+H3O+
→NH3+CO2+H2O

8 Salt NH4HCO3(S)→NH4
++HCO3

−

Table 6. Parameters of k, n, and E in Eq. (3) for the Kinetic mod-
els of the MEA-CO2-H2O and NH3-CO2-H2O systems

Reaction ID k n E, KJ·mol−1

Kinetic model for the MEA-CO2-H2O system
4 4.32e+13 0 055.38
5 2.38e+17 0 123.11
6 9.77e+10 0 041.20
7 3.23e+19 0 065.44

Kinetic model for the NH3-CO2-H2O system
4 4.32e+13 0 055.38
5 2.38e+17 0 123.11
6 1.35e+11 0 048.43
7 4.75e+20 0 069.09

condenser and reboiler are the same with the templates in Aspen
Plus [12]. The chemistry and kinetic models for the MEA-CO2-
H2O and NH3-CO2-H2O systems are shown in Tables 4 and 5, re-
spectively.

For the equilibrium reactions, equilibrium constants should be
determined. The equilibrium constants for the equilibrium reac-
tions in the MEA-CO2-H2O system are calculated by using the stan-
dard Gibbs free energy change. The equilibrium constants Keq for
the equilibrium reactions in the NH3-CO2-H2O system are calcu-
lated using the following correlation [12]:

lnKeq=A+B/T+C ln(T)+DT, (2)

where T is the Kelvin temperature and A, B, C, D are relevant param-
eters. Here, the relevant parameters are determined according to
Ref. [36]. For the kinetic reactions, reaction rates should be deter-
mined. The reaction rates of the kinetic reactions in the MEA-CO2-
H2O and NH3-CO2-H2O systems are determined by the follow-
ing power law [12]:

(3)

where r is the reaction rate, k is the pre-exponential factor, n is the
temperature exponent, E is the activation energy, R is the universal
gas constant, Ci is the molarity of component i, αi is the stoichiomet-
ric number of component i, and N is the number of components.
The parameters of k, n and E in Eq. (3) for the kinetic models of
the MEA-CO2-H2O and NH3-CO2-H2O systems are shown in Table
6. For the MEA-CO2-H2O system, the kinetic parameters for reac-
tion 4 are taken from Pinsent et al. [37], the kinetic parameters for
reaction 5 are derived by using the kinetic parameters of reaction
4 and the equilibrium constants of the reversible reactions 4 and 5,
and the kinetic parameters for reactions 6-7 are calculated from
the work of Hikita et al. [38]. For the NH3-CO2-H2O system, the
kinetic parameters for reactions 4-7 are obtained from Pinsent et
al. [37].
2. Model Validation

The model validation was carried out for ensuring the effective-
ness of the rate-based model. The thermodynamic model was val-
idated using the flash calculations. Since MEA is less volatile, ex-
perimental results on vapor partial pressures in the MEA-CO2-H2O

r = kTn − 
E

RT
-------

⎝ ⎠
⎛ ⎞ Ci

αi,
i=1

N
∏exp
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system usually only focus on the CO2 partial pressures [39,40]. Fig.
2 shows the comparison of the predicted CO2 partial pressures at
40 oC and 60 oC in the MEA-CO2-H2O system, and the experimen-
tal results reported by Jou et al. [40]. But for the NH3-CO2-H2O

Fig. 3. Comparison of the predicted (a) CO2 and (b) NH3 partial pressures at 60 oC and 80 oC in the NH3-CO2-H2O system and the experi-
mental results reported by Kurz et al. [41] for 60 oC and Goppert and Maurer [42] for 80 oC.

Fig. 4. The predicted (a) CO2 removal efficiency and (b) CO2 output in the MEA and NH3 based large-scale CO2 capture processes at differ-
ent stage numbers.

Fig. 2. Comparison of the predicted CO2 partial pressures at 40 oC
and 60 oC in the MEA-CO2-H2O system and the experimen-
tal results reported by Jou et al. [40].

system, since NH3 is easy to volatilize, experimental results on vapor
partial pressures in this system focus on both the CO2 and NH3

partial pressures [41,42]. Fig. 3 shows the comparisons of the pre-
dicted CO2 and NH3 partial pressures at 60 oC and 80 oC in the NH3-
CO2-H2O system, and the experimental results reported by Kurz
et al. [41] for 60 oC and Goppert and Maurer [42] for 80 oC. From
Figs. 2 and 3, it can be seen that the predicted CO2 pressures in
the MEA-CO2-H2O system and CO2 and NH3 partial pressures in
the NH3-CO2-H2O system all agree well with the experimental
results. Thus, the effectiveness of the thermodynamic models used
in this paper can be ensured. The effectiveness of the rate-based
model established above for the MEA and NH3 based CO2 cap-
ture processes was also validated, and its details can be found in
Refs. [12,14].

Apart from the model validation, the stage number chosen when
performing simulations may affect the model outputs after the rate-
based model is determined. Fig. 4 shows the predicted CO2 removal
efficiency and CO2 output in the base scenarios of the large-scale
MEA and NH3 based CO2 capture processes at different stage num-
bers. Here, the base scenarios are the same as the operating condi-
tions determined in the previous Section. The larger stage number
can give more accurate model outputs, but it is usually more diffi-
cult to reach convergence when performing simulations at larger
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stage number. When the stage number reaches equal to or above
20, the predicted CO2 removal efficiency and CO2 output change
little. Thus, in this paper, the absorber and stripper both adopt 20
stages when carrying out rate-based simulations.

RESULTS AND DISCUSSION

1. Effects of Flow Rate of Flue Gas
Effects of flow rate of the flue gas on the MEA and NH3 based

large-scale CO2 capture processes are shown in Fig. 5. With the flow
rate of the flue gas increasing, the CO2 removal efficiencies for the
two processes both decrease gradually, which is due to the limita-
tion of the absorption capacity of the absorbent. When the flow
rate of the flue gas is higher than 185.7kg·s−1, the CO2 removal effi-
ciencies for the two processes are both lower than 90%. CO2 re-
moval efficiency for the MEA based process decreases more rap-
idly. Through calculating the CO2 absorption rate in the absorber,
we find that the CO2 absorption rate for the MEA based process
decreases, while that for the NH3 based process increases with the
flow rate of the flue gas increasing. This results in that the CO2 out-
put for the MEA based process decreases with the flow rate of flue
gas increasing, while the CO2 output for the NH3 based process
increases gradually. Considering that the reboiler heat duties change
little, the CO2 regeneration energy for the MEA based process in-
creases with the flow rate of the flue gas increasing, while that for
the NH3 based process decreases gradually. But in this calculation,
the CO2 regeneration energy for the MEA based process is always
lower than that for the NH3 based process, where the CO2 regen-

eration energy is the ratio of the reboiler heat duty to the CO2 out-
put. This is because for the stripper, more than half of the regen-
eration energy is used for heating the rich solvent [15], and the flow
rate of the MEA solution is significantly lower than that of the aque-
ous ammonia. As the increased flue gas dilutes the slipping MEA
and NH3, the MEA and NH3 leakage concentrations both decrease
with the flow rate of the flue gas increasing. Also, the MEA leak-
age concentration (280-370 ppmv) is far lower than the NH3 leak-
age concentration (3.83-3.84 vol%) and the NH3 abatement system
should be added for dealing with the NH3 slip.

In general, for the MEA and NH3 based large-scale CO2 cap-
ture processes, the increase of the flow rate of the flue gas leads to
the decrease of CO2 removal efficiencies and absorbent leakage
concentrations. With the flow rate of flue gas increasing, the CO2

output decreases and the CO2 regeneration energy increases for
the MEA based process, while the CO2 output increases and the
CO2 regeneration energy decreases for the NH3 based process.
2. Effects of Temperature of Flue Gas

Effects of temperature of the flue gas on the MEA and NH3 based
large-scale CO2 capture processes are shown in Fig. 6. The absorp-
tions of CO2 with MEA and NH3 can both release heat. In theory,
the increase of the temperature of the flue gas can inhibit the CO2

absorption. But for the MEA and NH3 based large-scale CO2 cap-
ture processes, their liquid gas ratios are both very high, especially
that of the NH3 based process. This results in that the tempera-
ture in the absorber is mainly controlled by the temperature of the
corresponding absorbent, rather than that of the flue gas. Thus,
with the temperature of the flue gas increasing, the CO2 removal

Fig. 5. Effects of the flow rate of the flue gas on the MEA and NH3 based large-scale CO2 capture processes: (a) CO2 removal efficiency, (b)
MEA and NH3 leakage concentrations, CO2 output, and (d) regeneration energy.
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efficiency for the MEA based process decreases slightly, while that
for the NH3 based process changes little, and at the same time the
MEA leakage concentration increases slightly, while the NH3 leak-
age concentration changes little. When the temperature of the flue
gas is above 70 oC, the CO2 removal efficiency for the MEA based
process is already below 90%. The slight decrease of the CO2 re-
moval efficiency for the MEA based process with the temperature
of the flue gas leads to the decrease of the CO2 output and the in-
crease of the CO2 regeneration energy due to that the reboiler heat
duty changes little.

In general, the liquid gas ratios of the MEA and NH3 based large-
scale CO2 capture processes are very high, especially that for the
NH3 based process. For this reason, the temperature of the flue gas
slightly affects the MEA based process; and the CO2 removal effi-
ciency and CO2 output decrease slightly with the increase of the
temperature of the flue gas while the MEA leakage concentration
and CO2 regeneration energy increase slightly. Meanwhile, the tem-
perature of the flue gas almost does not affect the NH3 based pro-
cess. From the perspective of the exhaust system of the power plants,
higher exhausted flue gas means lower requirement for the cool-
ing operations at the pretreatment stage of the flue gas. MEA solu-
tion is easier degraded at higher temperatures [43], and the increase
of the temperature of the flue gas can reduce the CO2 absorption
capacity of the MEA solution. On the contrary, the NH3 based CO2

capture process does not have the degradation problem.
3. Effects of CO2 Concentration of Flue Gas

Effects of CO2 concentration of the flue gas on the MEA and
NH3 based large-scale CO2 capture processes are shown in Fig. 7.

Keeping the absorbents for the two processes unchanged, with the
CO2 concentration of the flue gas increasing, the CO2 removal effi-
ciencies for the two processes decrease gradually and the CO2 re-
moval efficiency for the MEA based process decreases more rap-
idly. When the CO2 concentration of the flue gas is lower than 10.5
vol%, the decrease of the CO2 removal efficiency for the MEA based
process is slow, but when the CO2 concentration is higher than 10.5
vol%, it begins to decrease significantly. When the CO2 concentra-
tion is higher than 12.5 vol%, the CO2 removal efficiency for the
MEA based process is smaller than that for the NH3 based pro-
cess. Although the CO2 removal efficiencies for the two processes
decrease gradually, the CO2 absorption rates for the two processes
both increase with the CO2 concentration of the flue gas increas-
ing. The increase of CO2 absorption rate means higher CO2 load-
ing of the rich solvent flowing out of the absorber. As the rich solvent
directly flows into the stripper after the heat-exchanger and heater,
higher CO2 loading of the rich solvent can lead to the increase of
the CO2 output, and therefore, the CO2 outputs for the two pro-
cesses increase gradually. Considering the reboiler heat duty changes
little, the increase of the CO2 outputs for the two processes lead to
the decrease of their CO2 regeneration energies. Besides, the in-
creases of the CO2 absorption rates for the two processes mean that
the heat due to the absorption of CO2 increases. Compared with
the NH3 based CO2 capture process, the released heat due to the
absorption of CO2 with MEA is higher and the liquid gas ratio for
the MEA based process is lower, the MEA leakage concentration
increases more significantly due to the increase of the released heat
for absorption.

Fig. 6. Effects of the temperature of the flue gas on the MEA and NH3 based large-scale CO2 capture processes: (a) CO2 removal efficiency,
(b) MEA and NH3 leakage concentrations, CO2 output, and (d) regeneration energy.



1484 M. Zhang and Y. Guo

August, 2015

In general, with the CO2 concentration of the flue gas increas-
ing, for the MEA and NH3 based large-scale CO2 capture processes,
the CO2 removal efficiencies decrease, the absorbent leakage con-
centrations increase, the CO2 outputs increase, and the CO2 regen-
eration energies decrease. Compared with the MEA based process,
the decrease of the CO2 removal efficiency and the CO2 regeneration
energy and the increase of the NH3 leakage concentration and the
CO2 output are all smaller for the NH3 based CO2 capture process.

CONCLUSIONS

Rate-based models for the MEA and NH3 based large-scale CO2

capture processes were established, respectively. By the rate-based
process simulating, effects of the parameters of the flue gas such as
its flow rate, temperature and CO2 concentration on the absorp-
tion and regeneration processes of the large-scale CO2 capture in
packed columns using MEA solution and aqueous NH3 were investi-
gated.

The increase of the flow rate of the flue gas leads to the decrease
of CO2 removal efficiencies and absorbent leakage concentrations
for the two processes. With the flow rate of flue gas increasing, the
CO2 output decreases and the CO2 regeneration energy increases
for the MEA based process, while the CO2 output increases and
the CO2 regeneration energy decreases for the NH3 based process.
The temperature of the flue gas slightly affects the MEA based pro-
cess, and the CO2 removal efficiency and CO2 output decrease slightly
with the increase of the temperature of the flue gas, while the MEA
leakage concentration and CO2 regeneration energy increase slightly.

But, the temperature of the flue gas almost does not affect the NH3

based process. From the perspective of the exhaust flue gas system
of the power plants, high temperature of the exhausted flue gas means
low requirement for the cooling operations at the pretreatment
stage of the flue gas, which is more favorable for the NH3 based
CO2 capture process. For both of the MEA and the NH3 based CO2

capture processes, with the CO2 concentration of the flue gas increas-
ing, the CO2 removal efficiencies and the CO2 regeneration ener-
gies decrease, the absorbent leakage concentrations and the CO2

outputs increase.

ACKNOWLEDGEMENTS

This work was supported by the National Natural Science Foun-
dation of China under Grant No. 51390493, and the Beijing Mu-
nicipal Commission for Science & Technology under Grant No.
Z08040902950803.

REFERENCES

1. B. T. Zhao, Y. X. Su and Y. C. Peng, Int. J. Greenh. Gas Control, 17,
481 (2013).

2. N. Razi, H. F. Svendsen and O. Bolland, Int. J. Greenh. Gas Con-
trol, 19, 331 (2013).

3. S. Y. Park, K. B. Yi, C. H. Ko, J. H. Park, J. N. Kim and W. H. Hong,
Energy Fuels, 24, 3704 (2010).

4. B. Huang, S. S. Xu, S. W. Gao, L. B. Liu, J. Y. Tao, H. W. Niu, M. Cai
and J. Cheng, Appl. Energy, 87, 3347 (2010).

Fig. 7. Effects of the CO2 concentration in flue gas on the MEA and NH3 based large-scale CO2 capture processes: (a) CO2 removal effi-
ciency, (b) MEA and NH3 leakage concentrations, CO2 output, and (d) regeneration energy.



Performance simulations of MEA/NH3 based large-scale CO2 capture in packed columns under different flue gas parameters 1485

Korean J. Chem. Eng.(Vol. 32, No. 8)

5. P. Galindo, A. Schaffer, K. Brechtel, S. Unterberger and G. Schef-
fknecht, Fuel, 101, 2 (2012).

6. Q. Zeng, Y. C. Guo, Z. Q. Niu and W. Y. Lin, Ind. Eng. Chem. Res.,
50, 10168 (2011).

7. C. K. Ahn, H. W. Lee, Y. S. Chang, K. Han, J. Y. Kim, C. H. Rhee,
H. D. Chun, M. W. Lee and J. M. Park, Int. J. Greenh. Gas Control,
5, 1606 (2011).

8. V. Darde, W. J. M. van Well, P. L. Fosboel, E. H. Stenby and K.
Thomsen, Int. J. Greenh. Gas Control, 5, 1149 (2011).

9. J. T. Yeh, K. P. Resnik, K. Rygle and H. W. Pennline, Fuel Process.
Technol., 86, 1533 (2005).

10. B. G. Choi, G. H. Kim, K. B. Yi, J. N. Kim and W. H. Hong, Korean
J. Chem. Eng., 29(4), 478 (2012).

11. K. Han, C. K. Ahn, M. S. Lee, C. H. Rhee, J. Y. Kim and H. D. Chun,
Int. J. Greenh. Gas Control, 14, 270 (2013).

12. AspenTech, Aspen Plus document version V7.3, AspenTech, Burl-
ington, Massachusetts (2011).

13. L. Q. Duan, Y. Yang, S. H. Zhang and Y. P. Yang, J. N. Chin. Electr.
Power Univ., 39(1), 7 (2012).

14. M. K. Zhang and Y. C. Guo, Int. J. Greenh. Gas Control, 16, 61
(2013).

15. H. Yu, L. C. Li, S. Morgan, A. Allport, A. Cottrell, J. Mcgregor, L.
Wardhaugh and P. Feron, In: Chemeca 2012, Wellington, 1097
(2012).

16. Y. Zhang, H. Chen, C. C. Chen, J. M. Plaza, R. Dugas and G. T.
Rochelle, Ind. Eng. Chem. Res., 48, 9233 (2009).

17. A. Ghaemi, S. Shahhosseini and M. G. Maragheh, Chem. Eng. J.,
149, 110 (2009).

18. G. Puxty, R. Rowland and M. Attalla, Chem. Eng. Sci., 65, 915
(2010).

19. N. Dave, T. Do, G. Puxty, R. Rowland, P. H. M. Feron and M. I.
Attalla, Energy Procedia, 1, 949 (2009).

20. C. H. Hsu, H. Chu and C. M. Cho, J. Air Waste Manage. Assoc.,
53, 246 (2003).

21. A. C. Yeh and H. Bai, Sci. Total Environ., 228, 121 (1999).
22. Z. Q. Niu, Y. C. Guo and W. Y. Lin, J. Chem. Eng. Chin. Univ., 24(3),

514 (2010).
23. G. Pellegrini, R. Strube and G. Manfrida, Energy, 35, 851 (2010).

24. S. C. Ma, M. X. Wang, Y. X. Sun, J. W. Cui and W. Z. Chen, J. Chin.
Soc. Power Eng., 32(1), 52 (2012).

25. R. Rivera-Tinoco and C. Bouallou, J. Cleaner Prod., 18, 875 (2010).
26. M. K. Zhang and Y. C. Guo, Appl. Energy, 111, 142 (2013).
27. Z. Q. Niu, Y. C. Guo and W. Y. Lin, Proc. CSEE, 30(32), 41 (2010).
28. S. C. Ma, Y. X. Sun, Y. Zhao, W. W. Fang, J. Han and P. Z. Liang,

Acta Chim. Sinica, 69(12), 1469 (2011).
29. D. H. V. Wagener and G. T. Rochelle, Chem. Eng. Res. Des., 89, 1639

(2011).
30. X. Z. Zeng, C. H. Chen and B. C. Gao, Environ. Prot. Chem. Ind.,

20(6), 12 (2000).
31. P. M. Mathias, S. Reddy and J. P. O’Connell, Int. J. Greenh. Gas Con-

trol, 4, 174 (2010).
32. M. K. Zhang and Y. C. Guo, Int. J. Greenh. Gas Control, 29, 22

(2014).
33. E. Chen, Carbon dioxide absorption into piperazine promoted potas-

sium carbonate using structured packing, Ph. D. Thesis, University
of Texas at Austin, Austin, Texas (2012).

34. T. H. Chilton and A. P. Colburn, Ind. Eng. Chem. Res., 26, 1183
(1934).

35. J. L. Bravo, J. A. Rocha and J. R. Fair, Hydrocarbon Process., 64, 91
(1985).

36. Z. Q. Niu, Y. C. Guo, Q. Zeng and W. Y. Lin, Fuel Process. Technol.,
108, 154 (2013).

37. B. R. Pinsent, L. Pearson and F. J. W. Roughton, Trans. Faraday
Soc., 52, 1512 (1956).

38. H. Hikita, S. Asai, H. Ishikawa and M. Honda, Chem. Eng. J., 13, 7
(1977).

39. J. I. Lee, F. D. Otto and A. E. Mather, J. Appl. Chem. Biotechnol., 26,
541 (1976).

40. F. Y. Jou, A. E. Mather and F. D. Otto, Can. J. Chem. Eng., 73, 140
(1995).

41. F. Kurz, B. Rumpf and G. Maurer, Fluid Phase Equilib., 104, 261
(1995).

42. U. Goppert and G. Maurer, Fluid Phase Equilib., 41, 153 (1988).
43. C. Gouedard, D. Picq, F. Launay and P. L. Carrette, Int. J. Greenh.

Gas Control, 10, 244 (2012).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


