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Abstract 

 

A CO2 capture process from a natural gas based power plant has been simulated and cost estimated using an equilibrium-

based model in Aspen HYSYS using the amine acid gas package. The aim has been to calculate cost optimum process 

parameters for the standard process and also for a vapor recompression process. After process simulation using Aspen 

HYSYS, the process equipment was dimensioned and cost estimated using Aspen In-plant. The Enhanced Detailed Factor 

(EDF) method was used to select factors to calculate the total investment. Operating cost for heat and electricity was 

calculated from the simulation with estimated cost on consumed heat and electricity.  The cost was calculated to 21.2  EURO 

per ton CO2 removed and a vapor recompression process was calculated to 21.6 EURO per ton.   A recompression case with 

1.2 bar flash pressure was calculated to 21.3 EURO/ton CO2. The ΔTMIN in the amine/amine heat exchanger was varied, and 

the optimum at 15°C was 20.9 EURO per ton CO2. The vapor recompression alternative was in this work slightly more 

expensive than the traditional case.  In earlier works, the vapor recompression process has been claimed to be more 

economical than the standard process. The difference in this work is mainly due to different cost estimates of the compressor 

investment. This work shows that Aspen HYSYS is well suited for optimizing process parameters in a CO2 capture process 

with and without vapor recompression.   
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1. Introduction 

CO2 capture based on absorption into an amine followed 

by desorption is an established method to reduce CO2 

emissions. Much work has been performed on 

simulation and cost estimation of CO2 capture 

processes, especially from natural gas based power 

plants.  A traditional tool has been an equilibrium-based 

model in Aspen HYSYS using the amine acid gas 

package. The aim has often been to calculate cost 

optimum process parameters for a standard process.  In 

this work, the main aim has been to calculate cost 

optimum process parameters for a standard CO2 capture 

process.  A special aim has been to compare the standard 

process with a process based on vapor recompression.  

It shows that it is difficult to state whether the vapor 

recompression process is more economical than a 

standard CO2 capture process.    

 

2. Literature, Process Description and Specifications 

2.1 Literature  

There are several papers presenting results from process 

simulation and cost estimation of CO2 capture plants 

(Manzolini et al., 2015; Luo and Wang, 2016; Nwaoha 

et al., 2018; Hasan et al., 2021).  This work is a 

continuation of previous work at the Telemark 

University College and the University of South-Eastern 

Norway (USN). Some references are (Kallevik, 2010; 

Øi, 2012; Aromada and Øi, 2017; Øi et al., 2020; Øi et 

al., 2021; Shirdel et al. (2022).  These projects have 

involved process simulation, dimensioning and cost 

estimation of CO2 capture using the process simulation 

tool Aspen HYSYS.  Capture rate, energy demand and 

capture cost per ton CO2 have been calculated.  Many of 

the projects have optimized parameters by changing one 

process parameter at a time, such as the minimum 

temperature difference in the main heat exchanger. 

In the literature there have been presented many 

suggestions for process improvements using different 

process configurations (Cousins et al., 2011; Moullec et 

al., 2011; Dubois and Thomas, 2017).  A simple 

alternative is vapor recompression where regenerated 

amine is depressurized into a flash tank, and the flash 

gas is recompressed and sent to the bottom of the 

desorber.  Cost optimization of vapor recompression has 
been perfomed by Fernandez et al. (2012), Øi et al. 

(2014), Aromada and Øi (2017), Øi et al. (2017) and Øi 
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et al. (2021).  This work is based on a Master group 

project  (Kermani et al., 2022).  In addition to the project 

work, simulation and cost estimation of the vapor 

compression process from 1.2 to 2 bar was also 

included.   

2.1. Process description of a standard process  

Fig. 1 shows a typical process for CO2 capture using an 

amine absorbent. In this method, CO2 is absorbed and 

captured in an aqueous amine solution, in which flue gas 

is passed through. The CO2-rich amine is then sent to a 

stripper, is heated with steam, and as a result CO2 is 

released from the solution.  In the figure, a gas cooler 

before the absorber and a water wash are shown, but 

these units are not simulated in this work.   
  

  

 
 

Figure 1: Process flow diagram of a standard amine-based CO2 

capture process (Aromada et al., 2020) 

 

3 Specifications and simulations  

3.1 Specifications and simulation of standard CO2 capture 

process  

The specifications for the base case is given in Table 1.  

The calculation sequence is similar to earlier works 

(Aromada and Øi, 2015; Øi et al., 2020; Øi et al, 2021).   

The absorption column is calculated first based on the 

inlet gas and the estimated lean amine flow (which is 

specified in the first iteration).  The amine from the 

bottom of the absorption column is sent to regeneration 

via the rich/lean heat exchanger.  The amine flow is 

entering the desorption column which separates the feed 

into CO2 product at the top and hot regenerated amine at 

the bottom. The regenerated amine is returned via the 

lean/rich heat exchanger and the lean cooler to the 

recycle block. Due to water loss in the process, water 
must be added to the process. The make-up water was 

adjusted manually.   The specifications in Table 1 aim 

at a 90 % CO2 removal efficiency and gives the result of 

7.7 °C in the lean/rich heat exchanger.  The simulations 

were performed in Aspen Plus V12. 

 

Table 1. Aspen HYSYS model parameters and specifications for 

the base case alternative  

Parameter  

Inlet flue gas temperature [oC] 40.0 

Inlet flue gas pressure [kPa] 110 

Inlet flue gas flow rate [kmol/h] 85000 

CO2 content in inlet gas [mole %] 3.73 

Water content in inlet gas [mole %] 6.71 

Lean amine temperature [oC] 40.0 

Lean amine pressure [kPa] 110.0 

Lean amine rate [kg/h] 110000 

MEA content in lean amine [mol-%] 11.21 

CO2 content in lean amine [mol-%] 2.93 

Number of stages in absorber [-] 10 

Murphree efficiency in absorber [m-1] 0.25 

Rich amine pump pressure [kPa] 200.0 

Rich amine temp. out of HEX [oC] 104.9 

Number of stages in desorber [-] 6 

Murphree efficiency in desorber [m-1] 1 

Reflux ratio in stripper [-] 0.3 

Reboiler temperature [oC] 120.0 

Lean amine pump pressure [kPa] 500.0 

 

 

 
3.2 Specification of vapor recompression process 

 

The Aspen HYSYS flowsheet for the base case is 

presented in Fig. 2. The flowsheet for the vapor 

recompression process is presented in Fig. 3.  After the 

desorber, the amine is pressure reduced through a valve 

to a flash tank.  The gas after the flash tank with 

atmospheric pressure (or higher) is compressed and sent 

back to the desorber.  Except for this, the process is the 

same as in the base case. 

   

3.3 Parameter variations  

 

With a 110000 kg/h amine flowrate, absorption 10 

stages, 90 % removal efficiency and 7.7 °C minimum 

approach temperature were obtained in the base case 

simulation.  The minimum approach temperature was 

varied.  For the vapor recompression case, the flash 

pressure was varied.  In the parameter variation 

simulations, all other specified parameters were kept 

constant. 

A possibility is to make use of the Case study function 

in Aspen HYSYS.  In that case a series of calculations 

can be performed automatically keeping all other 

specified parameters constant. 
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3.4 Simulation and cost estimation procedure 

The objective of this part is the estimation of the plant's 

total cost for the designed CO2 capture process. 

Calculations are based on dimensions obtained from the 

simulation in Aspen HYSYS V12. A short version of the 

cost estimation procedure is as follows, similar to the 

procedure in Øi et al. (2020) and Øi et al. (2021): 

• Calculation of each equipment cost using Aspen In-

Plant Cost Estimator, based on equipment 

dimensioning parameters for the base case. 

• Calculation of the total installation cost by applying 

the Enhanced Detailed Factor (EDF) method. 

• Correction of total installation cost by the cost 

inflation index (conversion by year). 

• Calculation of annualized capital expenditure 

(CAPEX) according to the discount rate and lifetime 

• Calculation of annual operational expenditure (OPEX) 

• Calculation of the total CO2 capture cost based on the 

plant lifetime 

 

3.5 Dimensioning for cost estimation  

The estimation of packing height is based on a constant 

stage (Murphree) efficiency corresponding to 1 meter of 

packing. Murphree efficiencies were specified to 0.25 

for the absorber and 1.0 for the desorber. Structured 

packing was assumed. 

The estimation of absorption column diameter was 

based on a gas velocity of 2.5 m/s and for the desorption 

column a gas velocity of 1 m/s was assumed as in Øi et 

al. (2020) and Øi et al. (2021).  The total height of the 

absorption column and desorption column were 

specified to be 25 m and 16 m respectively. The extra 

height is due to distributors, water wash packing, 

demister, gas inlet, outlet and sump.  The pumps and the 

vapor compressor were specified to have 75 % adiabatic 

efficiency. 

Overall heat transfer coefficient values were specified 

for the lean/rich heat exchanger 500 W/(m2K), lean 

amine cooler 800 W/(m2K), reboiler 1200 W/(m2K) and 

condenser 1000 W/(m2K).  These values are the same as 

in Øi et al. (2021) except for the lean/rich heat 

exchanger number (changed from 550 W/m2K), and 

slightly less than the numbers in Øi et al. (2020). 

 

 

Figure 2. Aspen HYSYS flow-sheet of the base case simulation (from Kermani et al., 2022) 

 

 

Figure 3. Aspen HYSYS flow-sheet of the vapour recompression case simulation (from Kermani et al., 2022) 
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3.6 Capital cost estimation methods  

 

Equipment costs were calculated in Aspen In-plant 

Cost Estimator (version 12), which gives the cost 

in Euro (€) for Year 2016 (1st Quarter). Stainless 

steel (SS316) with a material factor of 1.75 was 

assumed for all equipment units, except for pumps 

and the vapor compressor where a material factor 

of 1.3 was used as in Øi et al. (2020) and Øi et al 

(2021).   

In the EDF detailed factor method, each equipment 

cost in carbon steel was multiplied with an 

installation factor to obtain installed cost. The 

detailed installation factor is a function of the site, 

equipment type, materials, size of equipment and 

includes direct costs for erection, instruments, 

civil, piping, electrical, insulation, steel and 

concrete, engineering cost, administration cost, 

commissioning and contingency. Installation 

factors from  Aromada et al. (2021) were used.   

  

Table 3. Cost calculation specifications  

Parameter  Value 

Plant lifetime 10 and 20 years 

Discount rate  7.5 % 

Maintenance cost 4 % of installed cost 

Electricity price 0.06 EURO/kWh 

Steam price 0.015 EURO/kWh 

Annual operational time 8000 hours 

Location Rotterdam 

3.7 Operating cost calculation  

This project includes OPEX estimations for the use 

of electricity and steam (maintenance cost is not 

included). Operating cost specifications are given 

in Table 3. Electricity cost was specified to be 0.06 

EURO/kWh (approximately 0.6 NOK/kWh). The 

steam cost was specified to be 25 % of the 

electricity cost, 0.015 EURO/kWh.  This is 

reasonable for a case where the heat could be 

converted to electricity with 25 % efficiency.  The 

detailed cost estimation of CAPEX, OPEX and 

NPV (net present value) were calculated in an 

internal spreadsheet in Aspen HYSYS.  

  

4 Results and Discussion 

4.1 Base case cost results  

 

In Fig. 4, the results for the capital cost estimation 

of the base case are shown for all the equipment 

units.  The total cost was calculated to 74.6 mill. 

EURO.  The total cost per ton CO2 removed was 

calculated to 21.2 EURO/ton CO2. The numbers 

are low compared to many other estimations, but 

the values in Øi et al. (2020) are similar.  One 

reason is that some equipment like pre-treatment 

and water wash is not included in these 

calculations.  However, for optimization 

calculations, only the units in the recirculation are 

necessary to obtain a reasonable optimization.         

 
  

 
 

Figure 4: Total CAPEX and the cost of each piece of 

equipment for the base case (Kermani et al., 2022). 

 

The equipment cost shows that the most 

expensive equipment units are the absorber and the 

main heat exchanger.  This is traditional.  Normally 

the absorber is the most expensive unit, so there is 

a possibility that the absorber cost is 

underestimated. The estimated column efficiency 

is 0.25 per meter packing height, which is 

optimistic compared to 0.15 in Øi et al. (2021). A 

water wash is normally a part of the absorber, and 

this cost is neglected in this work.   The total cost 

is probably also underestimated because there are 

probably equipment unit details that are more 

complex than assumed.  The operating cost is 

probably underestimated because the maintenance 

cost is not included.  If both CAPEX and OPEX is 

underestimated to the same degree, the trade-off 

between them will give reasonable cost optimum 

parameters.   
 

4.2 Vapour recompression case 

 

The vapor recompression cost was calculated to 

21.6 EURO/ton CO2 for a flash pressure of 1 bar.   

This is slightly higher than the standard process, 

28,45

3,88 1,46

33,97

1,08 0,87 4,48
0,38

74,56

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

80,00

Equipment Cost (MEuro)



SIMS 64   Västerås, Sweden, September 26-27, 2023 

and in this work this was not optimum.  The cost 

was also calculated for a flash pressure of 1.2 bar, 

and the result was 21.3 EURO/ton CO2.  This was 

the optimum vapour recompression case, but it was 

still not optimum compared to the base case.   In 

earlier work (Karimi et al., 2011; Øi et al., 2014), 

the vapour recompression case was estimated to be 

the most optimum process.  The difference in this 

work is mainly due to different estimates of the 

compressor investment.  It is possible to reduce the 

cost of the vapor recompression by optimizing the 

flash pressure as in Fernandez et al. (2012). In Øi 

et al. (2021), a flash pressure of 1.5 bar was the 

optimum in the vapour recompression case, but 

was not better economically than the standard 

process.       
 

4.3 Optimum minimum temperature approach 

 
The total cost was calculated for different 

temperature approaches.  The result is shown in 

Fig. 5 with the base case shown for 7.7 K.    The 

absorber packing height was 15 m in these 

optimizations.  The optimum value was found as 

the one with minimum total cost at 15 K with 20.9 

EURO/ton.  Øi et al. (2014) and Aromada and Øi 

(2017) get about the same optimum.  Values for the 

optimum minimum temperature approach in 

literature are often between 10 and 15 K.   

 

 

 

Figure 5. Optimization of minimum approach temperature 

for the base case (Kermani et al., 2022) 

 

4.4 Comparison with earlier studies 

 
The numbers in Table 4 show different literature 

sources with typical or optimized values for CO2 

capture rate, inlet CO2 concentration, ΔTmin, 

absorber packing height and reboiler duty.  The 

table shows that the calculated and estimated 

temperature approach, reboiler duty and absorber 

height are similar to values found in literature. 

  

Table 4. Comparison of this study with previous base case 

scenarios  

 
Some of the numbers are optimized and some of 

them are typical or reasonable values. Most of 

them are for CO2 capture processes for natural gas 

based power plants with about 4 mol-% CO2 in the 

exhaust gas as in this work. The rounded values in 

the values shown in Table 4 indicate that there is 

need for further work to find optimum values for 

these parameters.  

  

5. Conclusion  

   
A CO2 capture process from a natural gas based 

power plant has been simulated and cost estimated 

using an equilibrium-based model in Aspen 

HYSYS using the amine acid gas package. The aim 

has been to calculate cost optimum process 

parameters for the standard process and also for a 

vapor recompression process. 

After process simulation using Aspen HYSYS, the 

process equipment was dimensioned and cost 

estimated using Aspen In-plant. The Enhanced 

Detailed Factor (EDF) method was used to select 

factors to calculate the total investment. Operating 

cost for heat and electricity was calculated from the 

simulation with estimated cost on consumed heat 

and electricity.  The cost was calculated to 21.2  

EURO per ton CO2 removed and a vapor 

recompression process was calculated to 21.6 

EURO per ton. 

The ΔTMIN in the amine/amine heat exchanger was 

varied, and the optimum at 15°C was 20.9 EURO 

per ton CO2. The vapor recompression alternative 

also calculated with 1.2 bar flash pressure, was in 

this work slightly more expensive than the 

traditional case.  In earlier works, the vapor 

recompression process has been claimed to be 

more economical than the standard process. The 

difference in this work is mainly due to different 

cost estimates of the compressor investment. 

20,800
21,000
21,200
21,400
21,600
21,800
22,000
22,200

0 10 20 30C
O

2
ca

p
tu

re
d

 c
o

st
 

(€
/t

o
n

 C
O

2)

ΔTmin (oC) 

CO2 Capture…

Study 

CO2 

capture 

rate [%] 

CO2 

con. 

[mol %] 

ΔTmin 

[°C] 

Absorber 

packing 

height [m] 

Reboiler duty 

[kJ/captured 

CO2 kg] 

Present work (base case) 90 3.73 7.7 

10 
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Aromada et al. [11] 85 3.73 10 10 3600 

Øi et al. [15] 85 3.75 10 10 3650 

Alhajaj et al. [24] 90 5 20 34.3 4484 
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This work shows that Aspen HYSYS is well suited 

for optimizing process parameters in a CO2 capture 

process with and without vapor recompression.   
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