processes MBPY

Article

Exergy Analysis and Evaluation of the Different
Flowsheeting Configurations for CO, Capture Plant
Using 2-Amino-2-Methyl-1-Propanol (AMP)

Ebuwa Osagie 1'*, Aliyu M. Aliyu 2(%, Somtochukwu Godfrey Nnabuife !, Osaze Omoregbe 3 and
Victor Etim !

1 School of Water, Energy and Environment, Cranfield University, College Road, Bedford, Bedfordshire

MK43 0AL, UK; G.Nnabuife@cranfield.ac.uk (5.G.N.); V.Etim@cranfield.ac.uk (V.E.)

Gas Turbine and Transmissions Research Center, Faculty of Engineering, University of Nottingham,
Nottingham NG7 2RD, UK; ali.aliyu@nottingham.ac.uk

Department of Chemical Engineering, University of Birmingham, Edgbaston B15 2TT, UK;
OXO0850@bham.ac.uk

Correspondence: ebuwal00@yahoo.com

check for
Received: 27 May 2019; Accepted: 19 June 2019; Published: 24 June 2019 updates

Abstract:  This paper presents steady-state simulation and exergy analysis of the
2-amino-2-methyl-1-propanol (AMP)-based post-combustion capture (PCC) plant. Exergy analysis
provides the identification of the location, sources of thermodynamic inefficiencies, and magnitude in
a thermal system. Furthermore, thermodynamic analysis of different configurations of the process
helps to identify opportunities for reducing the steam requirements for each of the configurations.
Exergy analysis performed for the AMP-based plant and the different configurations revealed that
the rich split with intercooling configuration gave the highest exergy efficiency of 73.6%, while that of
the intercooling and the reference AMP-based plant were 57.3% and 55.8% respectively. Thus, exergy
analysis of flowsheeting configurations can lead to significant improvements in plant performance
and lead to cost reduction for amine-based CO, capture technologies.

Keywords: 2-Amino-2-Methyl-1-Propanol; modelling and Simulation; post-combustion capture;
exergy analysis; flowsheeting configurations

1. Introduction

Natural gas power plants play a vital role in meeting energy demands. Power generation from
gas-fired power plants produces lots of emissions, which increases the concentration of greenhouse
gases in the atmosphere. Thus, CO, emissions reduction is a high priority demand, and one of the
solutions to this problem is carbon capture and storage (CCS). The main restriction for deploying
large-scale CO, capture systems is that these processes reduce the plant net power output for fixed
energy due to the addition of carbon capture plant, thereby increasing the net cost of capture [1].
However, the cost associated with commercial capture plants is about 80% of CCS cost [2], which poses
a major setback. The reduction in the power output is as a result of the parasitic load of the capture plant,
the load demand comes from the reboiler steam requirements drivers such as pumps, compressors,
cooling duty needed for the amine process, etc. leading to an energy penalty. This energy penalty
can be reduced in a number of ways, many of which are specific to the capture technology employed.
For absorption processes, the total reboiler energy can be lowered by an improved process design
of the solvent plant [3,4]. Examples of these improved process design include absorber intercooling,
rich split, lean amine flash, vapor recompression, configurations and stripping with flash steam, etc.
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The total energy consumption can be reduced up to 20% in pilot-scale plant studies for the different
configurations compared to the conventional amine plants [5].

Several configurations for minimizing energy consumption have been suggested and studied.
Leites et al. [6] modelled the intercooler and varied temperatures between 40-80 °C, the whole liquid
was removed from the column at each cooling stage and pumped to 1.1 bar to overcome pressure drop.
It was concluded that cooling to 40 °C was found to have the maximum effect on reboiler duty and
also minimization of additional equipment. Karimi et al. [7] investigated the intercooling effect in
CO; capture energy consumption, the optimal location for intercooling was about 1/4th to 1/5th of
the height of the column from the bottom which brought about 2.84% savings in reboiler energy and
it was concluded that intercooling is an option for reducing energy consumption. Aroonwilas and
Veawab [8] modelled an intercooler configuration which has been integrated with an amine process to
evaluate the energy savings effect as a result of enhanced working capacity. The methodology involved
the withdrawal of all the liquid at 1/5th of the column height from the bottom and cooled at 45 °C
by varying the lean loading between 0.12-0.25 mol CO,/mol monoethanolamine (MEA). With the
intercooling, a reduction of 10% in the solvent required led to energy savings in the stripper reboiler
and also, it was concluded that lean loading above 0.18 mol CO,/mol MEA had a minimal effect on
reboiler duty. Reddy et al. [9] modelled lean amine flash configuration which generates additional
steam by flashing hot lean amine leaving the stripper. Results showed 11% reduction in reboiler
steam, 16% reduction in cooling water and 6% in stripper diameter. It was observed that hot lean
amine temperature was lowered from 120 °C to 103 °C by the flash; this low temperature increases the
energy consumption in the stripper bringing about the additional steam generation and improved
working capacity. Eisenberg and Johnson [10] modelled a rich split configuration and this resulted in
7.1% savings in reboiler duty over the reference case. It was concluded that for loadings greater than
0.15 mol COy/mol MEA, a clear benefit was obtained. But it was later observed that increasing the
packing height for a lean loading of 0.2 mol CO,/mol MEA, for 30% of the cold solvent split, a reboiler
duty of 97.8 kW was required, which is about 10.3% higher than the reference case.

Cousins et al. [11] reviewed fifteen amine process configurations (multi-component columns,
inter-stage temperature control, heat-integrated stripping column, split flow process, vapor
recompression, matrix stripping, heat integration, etc.). The configurations which involved both
experimental and simulation-based methods were evaluated with different solvents, and different
operating conditions (temperature, pressure and feed composition). It was, therefore, difficult to
compare the energy savings on a fair basis. Thus, it was concluded that the configurations considered
reduced the energy consumption, but increased the plant complexity. Also, configurations with less
additional equipment (e.g., vapor recompression, etc.) gave higher efficiencies than those with more
equipment. Ahn et al. [12] evaluated ten different configurations capture plants, this included the
multiple alterations (absorber intercooling combined with condensate evaporation and lean amine
flash) which were novel in the study using 30 wt% MEA to capture 90% CO,, reboiler duty savings
was maximized by simultaneous application of previous strategies. The comparison was based
on total energy consumption (thermal and electrical energy used), the multiple strategies achieved
a greater reduction in the energy requirement reducing steam consumption by up to 37% when
compared to the simple absorber/stripper configurations. Sharma et al. [13] reviewed and assessed the
advantages of fourteen different flow sheeting configurations. The comparison was based on cooling
duty and equivalent work. Results showed pump-around was more beneficial than intercooling,
while intercooling with rich split was found to be the most beneficial based on additional equipment,
and the equivalent energy consumption was 12.9% reduction over the base case. Lars et al. [14]
compared different configurations; vapor recompression with split stream gave the best reduction of
11% compared to the conventional. Liang et al. [15] studied five different flow sheeting configurations,
the new innovation was the combination of split flow with overhead exchanger and improved split
flow with vapor recompression. These innovations decreased equivalent work by 17.21% and 17.52%
respectively. Jung et al. [16] suggested a new combination; rich vapor recompression and cold solvent
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split. Results showed that reboiler heat was reduced from 3.44 M]/kg CO; to 2.75 MJ/kg CO,. All of
these configurations presented above (summarised in Table 1) have achieved the aim of reducing the
energy consumption for the MEA capture plant compared to the conventional flowsheet.

Table 1. Summary of representative past works on flowsheeting configurations for CO, capture plants.

Author(s) Detail of Study Solvent Exergy Analysis

Evaluated intercooler at 40-80 °C, operation at 40 °C gave a
maximum effect on reboiler duty using monoethanolamine (MEA)
Evaluated intercooling effect. The optimal location for
Karimi et al. [7] intercooling was 1/4th to 1/5th of the height of the column from MEA No
the bottom, nearly 3% savings in reboiler energy.
Evaluated intercooling design. Removal of liquid done at 1/5th of
Aroonwilas and Veawab [8] column height from the bottom. Cooling at 45 °C resulted in 10% MEA No
energy savings in the reboiler.
Evaluated lean amine flash configuration. Hot lean amine
Reddy et al. [9] temperature reduced from 120 to 103 °C, the low temperature, MEA No
however, increases the energy consumption in the stripper.
Evaluated rich split configuration resulting in 7.1% reboiler duty
savings over reference case.
Reviewed fifteen flowsheeting configurations, these include
multi-component columns, inter-stage temperature control,
Cousins et al. [11] heat-integrated stripping column, split flow process, vapor MEA No
recompression, matrix stripping, heat integration. Results showed
significant energy savings.
Evaluated ten different configurations capture plants, this
included the multiple alterations (absorber intercooling combined
with condensate evaporation and lean amine flash). The multiple
strategies achieved a greater reduction in the energy requirement
reducing steam consumption by up to 37% when compared to the
simple absorber/stripper configurations.
Reviewed and assessed the advantages of fourteen different flow
Sharma et al. [13] sheeting configurations. Results showed pump-around was more = MEA No
beneficial than intercooling.
Evaluated and compared different configurations; vapor
Lars et al. [14] recompression with split stream gave the best reduction of 11% MEA No
compared to the conventional.
Five different flow sheeting configurations studied, the new
innovation was the combination of split flow with overhead
Liang et al. [15] exchanger and improved split flow with vapor recompression MEA No
These innovations decreased equivalent work by 17.21% and
17.52% respectively
Evaluated rich vapor recompression and cold solvent split.
Jung et al. [16] Results showed that reboiler heat was reduced from 3.44 MJ/kg MEA No
CO; t0 2.75 MJ/kg CO,.

Leites et al. [6] MEA No

Eisenberg and Johnson [10] MEA No

Ahn et al. [12] MEA No

Geuzebroek [17], Lara et
al. [18], Olaleye et al. [19]
Valenti et al. [20] Exergy analysis of CO, capture plant Ammonia  Yes

Exergy analysis of CO, capture plant MEA Yes

Also, rate-based modelling of CO; absorption in a packed column using AMP solutions for the
capture plant has been carried out in the literature. Alatiqi et al. [21] used a rate-based model in
simulating CO, absorption in AMP, MEA, and diethanolamine (DEA) solution. AMP was used to
compare the absorption of CO; in MEA and DEA solutions. Aboudheir et al. [22] used a rate-based
model in simulating the absorption of CO, using AMP solutions. Results were validated with
experimental plant data. Gabrielsen et al. [23,24] carried out an experimental study using AMP solution
and this was used as validation for the simulation of a rate-based model for CO, capture in a structured
packed column. Afkhamipour and Mofarahi [25] compared rate-based and equilibrium-based models
simulation results of a packed column using AMP solution. The rate-based models gave a better
prediction of the concentration and temperature profiles than the equilibrium based. Dash et al. [26]
explored the benefits of using blended solvents AMP with Piperazine (PZ). These studies presented
above have all worked on models for the AMP capture process. There are limited studies on the
different configurations using the AMP solvent. Kvamsdal et al. [27] presented a simulated model for
the Cesar 1 (AMP + PZ) involving modifications such as intercooling and vapor recompression. The
comparison was made with the MEA process using the same modifications. Results showed that the
MEA process had lower energy requirements as compared to Cesar 1. Energy consumption accounts
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for about 25% of total cost thus, the AMP solvent, which has more favourable operating parameters as
compared to the MEA solvent as shown in studies [23,28,29] will further minimize energy requirements
which will reduce cost. It is therefore important to develop these configurations and utilize the energy
savings provided.

Furthermore, exergy analysis which identifies where exergy is destroyed is carried out. The
destruction of exergy in a process is proportional to the entropy generation in it; which accounts
for the inefficiencies due to irreversibility [30]. Exergy analysis of capture plants using MEA and
ammonia solvents have been carried out by few authors [17-20] as shown above in Table 1, to
investigate the effects of the associated losses. However, studies to analyse where the losses occur in the
AMP-based CO; capture plant is lacking. This study includes (i) steady-state rate-based simulation and
conventional exergy analysis of the AMP-based PCC process (ii) evaluation of exergy destruction and
efficiency in the AMP capture system, (iii) exergy analysis of the different flowsheeting configurations
with AMP solvent.

2. Modelling Framework

2.1. Model Description of the Capture Plant

The AMP-based process model was developed using the operating parameters in Aspen Plus®
software Version (V) 8.4 (Aspen Technology, Inc., Bedford, MA, USA, released in 2013), and consists of
an absorber and a stripper column, with a cross heat exchanger and a pump, all connected in a closed
loop cycle as described in studies [26,31]. The validation of the capture plant model with experimental
data is presented in the literature [26,28].

2.2. Exergy Analysis

Exergy is defined as the maximum theoretical work that is obtained from a system when its state
is brought to the reference state [30]. Exergy analysis is a method employed in the evaluation of the
use of energy [32]. Exergy gives the identification of the location, the magnitude and the causes of
thermodynamic inefficiencies in a thermal system. In this section, the conventional exergy approach is
used to evaluate the exergy destruction and potential for improvement of the CO, capture plant. The
values of the exergy reference temperature and pressure, which are default parameters in Aspen Plus®
V8.4 simulation tool are 298.15 K and 1.013 bar respectively, and these are used in the simulations.
A theoretical process in which the thermodynamic reversibility requires that all the process driving
forces such as pressure, temperature and chemical potential differences be zero at all points and
times [6] leads to producing a maximum amount of high energy consumption [19]. These losses can
be reduced by several methods that are based on the second law of thermodynamics such as the
counteraction, quasi-static method and the driving force method [6]. In this study, the driving force
method is used to reduce the exergy destruction, leading to a reduction in energy consumption in the
AMP-based PCC process and using the same absorbent throughout.

The Aspen Plus® V8.4 exergy estimation property set (EXERGYMS) is used in calculating the
methods for physical and chemical exergies of the material and heat flows for each component, using
the individual streamflow in the AMP-based capture plant. Furthermore, in other to determine the
exergy of the reactions containing electrolytes, the thermodynamic properties of the ionic species of
AMP were retrieved from the Aspen Plus® databank, V8.4 (Aspen Technology, Inc., Bedford, MA,
USA, released in 2013). The standard Gibbs free energy of formation of AMP in the water at infinite
dilution (DGAQFM) values used in this study are based on an estimate given in studies [33,34]. Gibbs
free energy data which is called from Aspen database is used in the estimation of Gibbs free energy
using the empirical relation in Aspen Plus® V8.4 software. The DGAQFM values of —1.628054 x
108 J/kmol and 4.574 x 108 J/kmol were obtained for AMPH* (AMP protonation) and AMPCOO™ (AMP
carbamate formation) respectively. Table 2 below shows the exergy destruction and efficiencies for the
equipment in the AMP-based PCC process.
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Table 2. Conventional exergy analysis of the AMP-based CO, capture plant.

E fuel(n) Epraduct(n) E jestruction(n) E,

(Watts) (Watts) (Watts) (%)
Absorber 45.19 27.02 18.17 59.79
Stripper 5085.56 4224.59 860.97 83.07
Pump 393.27 389.29 3.98 98.99
Cooler 1037.07 307.0 730.06 29.60
Heat exchanger 4174.62 1037.07 3137.55 24.84
Total 10,735.7 5984.98 4750.72 55.75

The equations below are used in evaluating the individual component and the total exergy
destruction rate within a component. Thus, the exergy balance [35] for the whole system are given in
Equations (1)—(3), while the exergetic performance of the AMP-based capture plant is given in Table 2.
Equation 1 which is the fuel exergy of each component is as follows:

E fuel(total) — Eproduct(total) +l'jDest‘rucifion(tot‘al) + ELosses(total) 1)

While for the exergy efficiency of each component (n) which accounts for the thermodynamic
losses is given as shown in Equation (2):

E(n) = Eproduct(n)/Efuel(n) 2)

And the exergy destruction ratio of the nth component is presented in Equation (3):

Xd(n) = EDestruction(n) / Efuel(total) (3)

Table 2, shows the exergy destruction and efficiency for the sub components in the AMP-based
capture plant. As observed, the absorber and stripper components had exergy efficiency of 59.8 and
88.5%, respectively, while the heat exchanger gave the lowest exergy efficiency of 25%, these values are
close in range with the literature [19].

3. Flowsheeting Configurations

The amine flow sheeting configurations are set up for the capture plant. The reference plant is the
standard AMP-based capture plant configuration, as described in Section 2.

3.1. Intercooling Configuration

Absorption of CO, from the gas streams is mostly done between temperature 40-60 °C, this is
because rates of CO, absorption for a 30 wt% amine solvent are highest in this temperature range
(11). In other to control the temperature in the absorber so as to reach a higher rich CO, loading (high
absorption capacity), inter stage cooling as shown in Figure 1 is required.

In this configuration, the exothermic nature of CO, absorption in amine present in the absorber
leads to a temperature bulge and this impacts absorption negatively [36]. At the location of the
T-bulge, the solvent is being extracted, cooled to 40 °C and returned to the absorber which leads to
the enhancement of absorption driving force [11]. A lower temperature leads to a reduction in the
absorption rates such as chemical kinetics, diffusivities, etc., while an increase in temperature favours
the absorption capacity. These two operations compete with each other in the absorber. The temperature
in the absorber can be controlled by adjusting the flue gas, the lean solvent temperature and flowrate
coming into the absorber. Thus, this balances the temperature at either end of the absorber. With
this modification, a reduction in solvent circulation rate which leads to higher absorption capacity is
achieved. Hence, this process configuration enables the control of temperature within the absorber and
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is capable of enhancing CO, recovery [11], which is very effective in reducing the energy requirement
of a CO, capture plant [7]. Results obtained are given in Table 3.
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Figure 1. Intercooling Configuration [11].

Table 3. Results for intercooling configuration.

Absorber (ABS)

Rich Loading . Reboiler Duty o
(mol/mol) Capacity (kW) ABS Temp (°C)
(mol/mol)
Reference 0.388 0.123 477 63.07
AMP-cooled 0.503 0.173 3.60 47.11

As shown in Table 3, lower reboiler duty and higher absorption capacity are achieved for AMP
when compared with the reference; this is one of the main benefits of intercooling. This occurs due
to the higher rich loading obtained from the intercooled model which leads to a lower circulation
rate. Also, literature studies [37] has proven AMP to have a higher loading capacity and lower heat
of reaction due to the formation of bicarbonates. The reference plant has a higher temperature bulge
(63 °C) in the absorber compared to AMP-cooled (47 °C), thus having a higher heat of reaction which
leads to an increment in the reboiler duty. With this intercooling, a gain of 24.5% savings in reboiler
duty for AMP-cooled over the reference is achieved.

3.2. Lean Amine Flash Configuration

As shown in Figure 2, the stripper design comprises additional equipment such as a pump,
compressor, and the flash drum. Additional steam is generated by flashing hot lean amine exiting the
stripper close to ambient pressure, followed by the compressing of the gas stream up to the stripper
pressure and re-introducing it into the stripper column [38,39]. In the flash drum present, more CO, is
desorbed by reducing the pressure in the flash drum and lean loading in the stripper out is further
reduced. Thus, additional steam is generated for the AMP-based process since the gas stream is
compressed at a higher pressure. Results for the lean amine flash configuration is given in Table 4.
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Figure 2. Lean amine flash modification [12].

Table 4. Results for lean amine flash configuration.

Loading of Lean Out Cross-Heat Exchanger

(mol/mol) Reboiler Duty (kW) Duty (kW)
Reference 0.265 4.77 17.46
AMP-lean amine flash 0.252 2.79 10.92

Table 4 shows that the loading out of the stripper is further reduced and the solvent working
capacity is increased for the AMP-based process with amine flash. For the AMP lean amine flash,
compressing at a higher pressure, flashed vapor is heated at a higher temperature of over 140 °C,
cross heat exchanger duty is further reduced and a higher stripping efficiency is achieved leading
to a savings of 20.92% in reboiler duty of AMP compared to the reference. As a result of the flash,
which helps to obtain saturated steam before feeding it into the stripper, hot rich amine temperature is
reduced from 140 °C to 113 °C, thus leading to an increase in consumption of energy, for the reference
plant as compared to the AMP lean-amine flash.

3.3. Rich Split Configuration

The process in Figure 3 involves the splitting of the rich stream where the split entering the top
of the stripping column stays unheated. It has the capability of pre-stripping the cold rich solvent
entering at the top of the stripping column; this can be attained due to the vapor released from the rich
solvent steam which moves up the stripping column. This helps to thermally regenerate less solvent,
thereby reducing regeneration energies [11]. Hence, this configuration process is beneficial for lean
loadings above 0.15 mol/mol and this reduces the energy required for regeneration [11].

In the configuration obtained in a study by Cousins et al. [11], 30% of the cold rich solvent was
split to the top of the column with a condensate packing height of 1.12 m and a minimum reboiler duty
of 97.8 kW was obtained which was about 10.3% higher savings than the reference case. The reason
for this is that the reboiler duty achieves a combination of four functions: (i) providing sensible heat
to the rich solvent to increase its temperature to the specified reboiler temperature, in which some
heat is attained in the lean/rich heat exchanger [11]. (ii) evaporating water in the reboiler, which acts
as the stripping agent, aiding the CO, removal from the solvent. Thus, steam released will replace
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steam generated in the reboiler, this is because the generation of steam within the column reduces the
operating CO, partial pressure below that of the partial pressure in the column, enabling stripping to
occur. (iii) Providing heat to reverse the absorption reaction in the absorber, which is in theory, equal
to that released due to the exothermic reactions and (iv) providing heat to liberate dissolved CO, out
of the solvent. Depending on the function which is most dominant under a given set of conditions, the
reboiler duty will adjust accordingly to maintain the required stripping rate. The study also revealed
that the possibility of obtaining a higher CO, flashing will allow the further release of CO; in the upper
stages of the stripping column and give additional benefits [11].
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Figure 3. Rich split modification [11].

It should be noted however that the efficiency of the lean/rich heat exchanger will have a significant
effect on the results of this process modification. The objective of the lean/rich exchanger is energy
conservation. The energy available from the lean amine stream is transferred to the rich amine prior
to introducing the rich amine to the stripper. This energy transfer results in a decreased energy
requirement for the stripper as observed in the results presented in Table 5.

Table 5. Results for rich split configuration.

Reboiler Du Cross Heat Cross Heat
Split-Fraction (%) kW) ty Exchanger Exchanger Duty
Flowrate (kg/s) (kW)
Reference 0 477 0.10089 17.46
AMP-rich Split 30 47 0.09989 17.30

During the operation considered here, the solvent split fraction was found to have a significant
effect on the temperature approach achieved through the lean/rich heat exchanger. As more of the cold
rich solvent is split to the top of the column, the lower flowrate through the heat exchanger means that
the hot rich solvent can be raised to higher temperatures. The vapor fraction in the hot rich solvent
will increase, providing more steam for pre-stripping, which reduces the reboiler duty, as shown in
Table 4. Thus, the reboiler duty slightly reduces from 4.77 kW to 4.73 kW for rich split configuration as
compared to the reference plant.
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3.4. Vapor Recompression

This process modification as shown in Figure 4 involves the extraction of steam from a part of the
stripping column, which is recompressed and re-introduced into the regenerator. This operation turns
mechanical energy into thermal energy to provide more stripping steam [11]. Hence, this configuration
works by providing an additional source of stripping steam for the column, as this lowers the thermal
input required by the stripper. The vapor is compressed to five times the operating pressure of
the stripping column, before being separated with the condensate recycled back to the stripper [11].
Although this process configuration reduces the reboiler duty, it leads to a corresponding increase in
the power requirement due to the addition of the compression stages [11]. Thus, in this study, one
expansion stage is used to make comparison easier.
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Figure 4. Vapor recompression modification [11].

As shown in Table 6, 59.5% savings in reboiler duty is obtained for the AMP-based plant compared
to the reference case. For the vapor recompression configuration, additional stripping steam is
generated, this is as a result of the higher pressure which leads to a higher temperature and enables
the lean solvent flash pressure drop to increase. Also observed is the reduced heat exchanger duty
obtained for the vapor recompression flowsheet, this is because lean solvent temperature increases
which lead to a higher stripping efficiency.

Table 6. Results for vapor recompression.

Reboiler Duty (kW) Cross-Heat Exchanger Duty (kW)
Reference plant 4.77 17.46
AMP Vap-Recompression 1.93 5.69

3.5. Rich Split with Intercooling

As mentioned earlier, splitting the rich stream by 20-30% as recommended in the literature [11],
can increase the absorption capacity which brings about the energy savings for the stripper design.
In addition, the rich split modification requires minimal additional equipment. Furthermore, cooling
at different stages in the absorber column has a significant effect in reducing the reboiler duty. Thus,
with multiple alterations, reboiler duty can be further reduced [40]. Also, since the highest and lowest
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savings in the reboiler duty for intercooling and rich split configurations respectively, were obtained in
this study, a combination of rich split and intercooling configurations will be necessary, to observe if
any benefit can be obtained, and to enable further reduction in reboiler duty as shown in Figure 5.

MUMIXER

COOLER ‘

LEANQUT

RICHOUT

Figure 5. Rich split with intercooling configuration.

Simulation results are reported in Table 7 below, the multiple measures taken (rich split with
intercooling) for the AMP-based process led to the energy savings of about 88.5% higher than the
reference case. Thus, comparing the five different flowsheeting configurations, the rich split with
intercooling configuration gave the best performance. This is in accordance with the literature [13].

Table 7. Results for rich split and intercooling

. Cross-Heat Exchanger Cross-Heat Exchanger
Reboiler Duty (kW) Flowrate (kg/s) Duty (W)
Reference 4.77 0.10089 17.46
AMP Rich split 0.55 255 x 1074 5.30

4. Exergy Analysis for the Flowsheeting Configurations

Table 8 below shows the total exergy analysis and performance evaluation of the different
flowsheeting configurations. Results show that the rich split with intercooling and vapor recompressions
configurations gave the best and worst exergetic performances respectively as compared to the other
configurations. Also, ascompared to the reference plant which is presented in Table 2, two configurations
(rich split with intercooling and intercooling alone and gave higher exergy efficiency than the reference
case. While lean amine flash, rich split alone and vapor recompressions gave lower exergy efficiencies
as compared to the reference plant. A reason for the low efficiencies could be that, the more efficient
the configurations (based on the reboiler duty), the less outlet for exergy losses. Furthermore, Figure 6,
shows the efficiency pecentage and the amount of exergy for the different configurations. As clearly
seen, the rich split with interccoling configuration, gave the highest exergy efficiency amd the lowest
exergy destruction.
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Table 8. Summary of Exergy Analysis for the Different Configurations.

11 0f 14

Configurations Efyel (Watts)  Eproquct (Watts)  Egestruction (Watts) Eegs (%)
Intercooling 5261.33 3015.67 2245.66 57.32
Rich split 10,515.44 5851.37 4664.07 55.65
Rich slit + intercooling 780.11 573.87 206.23 73.56
Lean amine flash 6360.78 3189.95 3170.83 50.15
Vapor recompression 14,767.7 4197.07 10,570.65 28.42

- Efuel
- Eproduct

15000 — I:] E
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& 10000 —
=
=
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Figure 6. Summary Results of Exergy Analysis for the Different Configurations. For the horizontal

“Configuration” axis, 1. Intercooling 2. Rich Split 3. Rich Split with Intercooling 4. Lean Amine Flash 5.
Vapor Recompression.
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5. Conclusions

In this study, the exergy analysis of the AMP PCC process and its flowsheeting configurations
have been evaluated. The operating parameters for the rate-based AMP model present in Aspen Plus®
software were used to describe the PCC process. The conventional exergy analysis performed provides
an evaluation of energy consumption the CO; capture plant from the thermodynamic point of view,
and also evaluates the reduction of the exergy destruction. The pump and stripper subsystems of the
AMP-based capture plant had the highest exergy destruction, and the cross-heat exchanger subsystem
gave the lowest exergy destruction performance.

Several configurations were proposed in the literature to reduce energy requirements in the
amine-based CO; capture plant, these configurations at atmospheric pressure have been simulated
in Aspen Plus® software. Flowsheeting configurations considered in this study include intercooling,
lean-amine flash, rich split, vapor recompression and the rich split with intercooling configurations.
Results show that the combination configuration (rich split with intercooling) had the highest savings
(88.5%) in reboiler duty as compared to the reference AMP-based plant, and the other flowsheeting
configurations. Furthermore, exergy analysis performed showed that the rich split with intercooling
configuration had the highest exergy efficiency of 74%, followed by the intercooling configuration
with 57% exergy efficiency, and that of the reference AMP plant was obtained to be 56%. The other
configurations considered in the study had exergy efficiencies lower than that of the reference plant.
This study has shown that some of the flowsheeting configurations can reduce the heat required for
regeneration, and others can both reduce reboiler duty and at the same time increase the exergy efficiency.
Thus, the flowsheeting configurations have significant improvements in the plant performance and
may lead to cost reduction for the amine-based CO, capture technology. Although the additional
equipment for each configuration may incur extra cost, economic analysis is therefore required to
ascertain if any cost benefits can be obtained with flowsheeting configurations for the AMP-based
PCC process.
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