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Abstract 

A simple, fast, and accurate process simulation based 

cost estimation and optimization scheme was 

developed in Aspen HYSYS based on a detailed 

factorial methodology for solvent-based CO2 

absorption and desorption processes. This was 

implemented with the aid of the spreadsheet function 

in the software. The aim is to drastically reduce the 

time to obtain cost estimates in subsequent iterations 

of simulation due to parametric changes, studying new 

solvents/blends and process modifications. All 

equipment costs in a reference case are obtained from 

Aspen In-Plant Cost Estimator V12. The equipment 

cost for subsequent iterations are evaluated based on 

cost exponents. Equipment that are not affected by any 

change in the process are assigned a cost exponent of 

1.0 and the others 0.65, except the absorber packing 

height which is 1.1. The capital cost obtained for new 

calculations with the Iterative Detailed Factor (IDF) 

model are in good agreement with all the reference 

cases. The IDF tool was able to accurately estimate the 

cost optimum minimum approach temperature based 

on CO2 capture cost, with an error of less than 0.2%. 

 

Keywords: Carbon capture, Aspen HYSYS, simulation, 

cost estimation, techno-economic analysis 

1 Introduction 

 

Amine based post-combustion carbon capture

technology is generally recognized as the most mature

and promising technology that can be deployed

industrially to reduce CO2 emissions, which has

become necessary for climate change mitigation

(Karimi et al., 2011). The current challenge remains

the economic implications of the huge energy

consumption and the large capital investment

requirements (Aromada and Øi, 2017).

This has led to several techno-economic studies.

The focus of some of the research is on evaluating the

representative costs for carbon capture and storage

(CCS) (Stone et al., 2009). The objective of some other

studies is on cost reduction and optimization

(Fernandez et al., 2012).

Costs are projected to be reduced as research

continues and as the first set of industrial CO2 capture

plants start operations (Sprenger, 2019; Aromada et

al., 2021). The resulting new concepts and innovations

will always be subjected to techno-economic

evaluation and optimization or sensitivity analysis.

The common procedure for conducting carbon

capture cost estimation and cost optimization studies

is to import mass and energy balance data from a

simulation software to Microsoft Excel or other

applications for analysis each time a simulation is

performed (Schach et al., 2010; Lassagne et al., 2013;

Aromada and Øi, 2017).

Parametric variation or sensitivity analyses of costs

that involve running the entire process simulation

several times, and performing new equipment

dimensioning, obtaining new costs for all the

equipment, and recalculating the capital and operating

costs can be very time consuming.

Applying a detailed factorial scheme for chemical

plant’s initial cost estimation has great advantages of

accuracy and capabilities for different types of

projects: new plant construction, retrofit or

modification projects, small and large plant

construction cost estimation (Gerrard, 2020; Ali et al.,

2019; Aromada et al., 2021). However, it comes with

much more work, and thus much more time to

implement compared to methodologies that are

founded on a uniform or single overall plant

installation factor on all equipment irrespective of cost.

Therefore, there is a need to develop a cost

estimation and optimization tool that will drastically

reduce the overall economic analysis and optimization

calculation time yet giving accurate cost estimates.

2 Model description

The iterative detailed factor (IDF) model is developed

based on the Enhanced Detailed Factorial (EDF)

method (Ali et al., 2019; Aromada et al., 2021). At

Telemark University College and University of South-
Eastern Norway (USN) there has been much focus on
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calculation of cost optimum parameters in CO2

absorption-desorption processes. This involves

varying different process parameters and different

configurations (flowsheet modifications). The

procedure commences from process development and

simulation of the system’s process flow diagram

(PFD) to equipment dimensioning and cost estimation.

Each time any parameter is varied, this process is

repeated. Consequently, in previous works (Kallevik,

2010; Aromada and Øi, 2017), there is a change in 

the cost of the equipment, when one of its 

parameters is being varied, but the costs of all other 

equipment are kept constant. Similarly, energy 

consumption by other equipment is also kept 

constant, while that of the equipment with 

parameters being optimized can vary. This procedure 

does not capture the effect of every change in the 

process caused by varying a specific parameter in 

the evaluation for optimum cost.

In addition, it is an aim to enable subsequent

calculations of all the processes from simulations to

cost estimation and optimization in not more than a

minute.

The Enhanced Detailed Factorial (EDF) method

used at USN has several advantages such as capability

for new and modification projects (Aromada et al.,

2021). Each equipment unit’s installation factor is a

function of its cost. This ensures that a very expensive

equipment is not over-estimated, and a relatively

cheaper equipment are not underestimated. This also

comes with a challenge of relatively more work due to

the details. Thus, it takes much more time to

implement.

Therefore, the Iterative Detailed Factor (IDF)

scheme was developed to consider all the effects

caused by any parametric variation on the entire

process, and to drastically reduce the time to

implement cost estimation and other economic

analyses of subsequent simulation iterations. The

flowchart in Figure 1 explains how the scheme is

developed and works. The arrows show how the

process flows as well as where inputs come from and

where they are used. The steps (and the directions of

the arrows) are explained below: 

1. Start: The PFD is developed and simulated in 

Aspen HYSYS.  

2. Equipment dimensioning calculations based on 

mass and energy balances from the simulation are 

done in a separate Aspen HYSYS Spreadsheet as 

shown in Figure 2. 

3. In the first simulation/cost estimation (base case), 

all equipment costs are obtained directly from a 

reliable (reference) source based on the calculated 

dimensions. In this work, equipment cost data were 

obtained from Aspen In-Plant Cost Estimator 

Version 12.  

4. In subsequent iterations, when parameters are 

varied, a change to another solvent/blend is 

implemented, change in technical and/or economic 

underlying assumptions are made, or when the 

process configuration is modified, equipment cost 

is obtained by cost adjustment, utilizing cost 

exponents, capturing all the changes caused by the 

change of a process parameter or system as shown 

in equation (1): 

 

𝐸𝐶𝑛𝑒𝑤 = 𝐸𝐶𝐵𝑎𝑠𝑒 𝑐𝑎𝑠𝑒 (
𝑆𝑖𝑧𝑒𝑛𝑒𝑤

𝑆𝑖𝑧𝑒𝐵𝑎𝑠𝑒 𝑐𝑎𝑠𝑒
)

𝑛
             (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1. Flow chart describing the iterative detailed 

factor carbon capture cost optimization model 
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where 𝐸𝐶𝐵𝑎𝑠𝑒 𝑐𝑎𝑠𝑒  and 𝑆𝑖𝑧𝑒𝐵𝑎𝑠𝑒 𝑐𝑎𝑠𝑒  are
equipment cost and size in the Base case

obtained directly from the Aspen In-Plant Cost

Estimator. 𝐸𝐶𝑛𝑒𝑤  and 𝑆𝑖𝑧𝑒𝑛𝑒𝑤  are the new
equipment cost and size for the new simulation

evaluated using equation (1). And n is the cost

exponent. All equipment costs in a reference case

are obtained from a reliable source. The equipment

cost for subsequent iterations are evaluated based

on cost exponents (Power Law). Equipment that

are not affected by any change in the process are

assigned a cost exponent of 1 and the others 0.65,

except for the absorber packing height (see Section

3.3).

5. All other costs and cost indices already

programmed during the first iteration are

automatically available after a minor check of the

detailed installation factors. Further improvements

can be achieved by avoiding manual adjustments of

the installation factors between each iteration.

6. The cost optimum parameter is identified when the

new cost estimated is less than the costs obtained

in previous iterations, and in some cases, also less

than cost obtained from subsequent simulations.

7. The capital cost, operating costs and other

economic analysis are all done in separate Aspen

HYSYS Spreadsheets as can be seen at the bottom

of Figure 2.

 
2.1 Process simulation

The simulation sequence is the same as in (Aromada

and Øi, 2015; Aromada et al., 2020a). The base 

case simulation was performed using the 

process specifications in Table 1. They are from a 

400 MW natural gas combined cycle (NGCC) power 

plant. It is a 90% amine based CO2 absorption and 

desorption in Aspen HYSYS Version 12.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Specifications for simulation  

Specifications 

Flue gas  

Temperature [℃] 80 

Pressure [kPa] 121 

CO2 mole-fraction 0.0375 

H2O mole-fraction 0.0671 

N2 mole-fraction 0.8954 

O2 mole-fraction 0 

Molar flow rate [kmol/h] 85000 

Flue gas from from DCC to absorber 

Temperature [℃] 40 

Pressure [kPa] 121 

Lean MEA 

Temperature  40 

Pressure [kPa] 121 

Molar flow rate [kmol/h] 101595 

Mass fraction of MEA [%] 29 

Mass fraction of CO2 [%] 5.30 

Absorber  
No. of absorber stages 15 

Absorber Murphree efficiency [%]    11- 21 

∆𝑇𝑚𝑖𝑛 , lean/rich heat exchanger [℃] 10 

Desorber 

Number of stages 10 

Desorber Murphree efficiency [%] 50 

Pressure [kPa] 200 

Reboiler temperature [℃] 120 

Reflux ratio in the desorber 0.3 

Temperature into desorber [℃] 104.6 

 

 
The Aspen HYSYS process flow diagram (PFD) is 

shown in Figure 2. The absorption and desorption 

columns were simulated as equilibrium stages with 11 

– 21% Murphree efficiencies (changing linearly from 

bottom to top) and 50% constant Murphree efficiency 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. Aspen HYSYS process flow diagram (PFD) of the standard CO2 capture process 
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2.2 Equipment dimensioning 

Mass and energy balances from the simulations were 

used to size the equipment in Figure 2.  

 

Table 2. Equipment dimensioning factors and 

assumptions 

Equipment Sizing factors Basis/Assumptions 

DCC Unit 

Tangent-to-

tangent height 

(TT), iterations: 

mass (kg); 

Packing height, 

internal and 

external 

diameters (all in 

[m]), iterations: 

volume (m3); 

Velocity using 

Souders-Brown 

equation with a k-

factor of 0.15 m/s. TT 

=15 m, 1 m (structured) 

packing height/stage (4 

stages) 

Absorber 

Superficial velocity of 

2.5 m/s, TT=40 m, 1 m 

packing (structured) 

height/stage (15 stages) 

Desorber 

Superficial velocity of 

1 m/s, TT=22 m, 1 m 

packing (structured) 

height/stage (10 stages) 

Separator 

Vertical vessel, 

Velocity using 

Souders-Brown 

Lean/rich 

heat 

exchanger 

Heat transfer 

area, A [m2] 

Duty, Q [kW], U = 0.73 

kW/m2.K (Nwaoha et 

al., 2019). FTS-STHX 

Reboiler 

Duty, Q [kW], U = 0.8 

kW/m2.K, U-tube 

Kettle type 

Condenser 
Duty, Q [kW], U = 1.0 

kW/m2.K, UT-STHX 

 Coolers 
Duty, Q [kW], U = 0.8 

kW/m2.K, UT-STHX 

Pumps 

Flow rate [l/s] 

and duty [kW], 

iterations: duty 

[kW] 

Centrifugal. 

Efficiency = 0.75 

Fans 

Flow rate [m3/h] 

and duty [kW], 

iterations: duty 

[kW]. 

Centrifugal. 

Efficiency = 0.75 

 

The sizing factors, basis and assumptions for 

equipment dimensioning are summarized in Table 2. 

They are the same as in previous works (Aromada et 

al., 2020a) but on a different system. FTS-STHX refers 

to fixed tube-sheets Shell and tube heat exchanger, and 

the U-tube type is UT-STHX. More details on the 

equipment dimensioning can also be found in 

(Aromada et al., 2020; Aromada et al., 2021). 

 

2.3 Capital Cost Assumptions  

The capital cost in this work is the sum of each 

equipment installed cost. The IDF scheme is based on 

the EDF method (Ali et al., 2019; Aromada et al., 

2021). All equipment is assumed to be manufactured 

from stainless steel (SS) with exception of the fan 

which is constructed from carbon steel (CS). 

Equipment costs in SS are converted to their 

corresponding costs in CS. Each equipment installed 

cost is obtained as a product of the equipment cost in 

CS and its individual detailed installation factor. 

The cost year is 2020 and the cost currency is Euro 

(€). Therefore, the 2020 updated detailed installation 

list was used (Eldrup, 2020). The factors are derived 

based on 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.  

 

2.4 Operating costs scope and assumptions 

Operating costs in this work include cost for 

electricity, steam, cooling water, solvent, maintenance 

and salaries. The economic assumptions are tabulated 

in Table 3.  

Table 3. Economic assumption for operating cost  

  Unit Value/unit 

Operational hours Hours/year 8 000 

Steam €/kWh 0.026 

Electricity €/kWh 0.059 

Cooling water €/m3 0.075 

Process water €/m3 6.77 

MEA €/m3 1514 

Maintenance € 4% of TPC 

Supervisor (1) € 156 650 

Operators (6) € 80 000 

 

 

 

3 Results and Discussion 

3.1 Process Simulation Results 

The specific reboiler heat obtained in the base case is 

4.10 GJ/t CO2, and the rich loading is 0.46. The rich 

loading is the mole ratio of CO2 to the MEA in the rich 

stream exiting the absorber. The results have good 

agreement with literature. Sipöcz and Tobiesen (2012) 

calculated a reboiler heat of 3.97 GJ/t CO2 and 0.47 

rich-loading. In addition, Sipöcz et al. (2011) for an 

NGCC’s exhaust gas also obtained 3.93 GJ/t CO2 and 

0.47 rich loading.  

For a case with a minimum approach temperature 

of 5℃ in the main heat exchanger, a reboiler heat of 

3.78 GJ/t CO2 and 0.47 rich loading were calculated. 

This is also close to the results obtained by Dutta et al. 

(2017), which are 3.70 GJ/t CO2 reboiler heat and 0.47 

rich loading. 
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3.2 Base Case Capital and Operating Costs

The capital cost estimated in the base case is €135

million. The capital cost in this work is limited to the

total plant cost (TPC). It also does not include CO2

compression or other flue gas pre-treatment sections

other than the direct contact cooling loop. This is

sufficient as all the sensitivity analysis conducted in

this work are merely within the main CO2 capture

process between the absorber and the desorber. Nth-

of-a-kind (NOAK) was also assumed. It is important

to state that a first-of-a-kind (FOAK) plant would cost

115 – 155% of a NOAK plant (Boldon and 

Sabharwall, 2014; Aromada et al., 2020b). In a 

similar work (NOAK) that included the 

compression section, the TPC was estimated to €189 

million (Aromada et al., 2021).

 

 
 

Figure 3. Capital cost distribution 

 

The capital cost distribution is shown in Figure 3.

It can be observed that the absorber and the lean/rich

heat exchanger are the main cost contributors to the

capital costs. Their contributions are 40% and 24%

respectively. Therefore, the absorber and the main heat

exchanger are the most important equipment for cost

optimization in this capture process. Consequently, the

IDF tool for process cost optimization based on

process parameter variation was tested on the two

equipment units for validation.

The cost of the lean/rich heat exchanger in initial

cost estimation is a function of the required heat

transfer area (m2).  The area varies much with the

temperature difference (∆𝑇𝑚𝑖𝑛). The required area is

doubled if the ∆𝑇𝑚𝑖𝑛 is 5℃ instead of 10℃ (Karimi et

al., 2011). Therefore, ∆𝑇𝑚𝑖𝑛  has often been a very

important process parameter to optimize in different

solvent-based carbon capture processes (Aromada et

al., 2020b; Aromada and Øi; 2017; Øi, 2012; Karimi 

et al., 2011).

In previous works, the absorption column,

especially the packing height has been given attention

for optimization, to reduce the entire cost of the

process (Øi et al., 2020; Aromada and Øi, 

2017; Kallevik, 2010).

 

3.3 Validation of the IDF Scheme: Capital 

Cost 

To validate the accuracy of the scheme, it is important 

to perform cost estimation of the same process, with 

equipment cost data obtained from a reliable or 

reference source, and equipment costs estimated using 

the IDF scheme on the same process.  

To evaluate the performance of the IDF scheme, 

equipment costs were first obtained from Aspen In-

Plant Cost Estimator for each simulation iteration. 

These costs were used to estimate capital cost for each 

iteration, capturing the effect of the variation of a 

specific process parameter on all equipment in the 

process. These reference costs are referred to as the 

“original cost” since the equipment costs are directly 

obtained from a reliable cost database. This process is 

time consuming.  

The IDF scheme is then applied for estimating the 

capital cost, operating cost, and CO2 capture cost in 

each parameter variation simulation iteration. The IDF 

tool equipment costs were estimated from the base 

case equipment purchase cost based the Power law as 

described in Section 2.  

The equipment costs in the IDF Scheme were 

calculated with a cost exponent of 0.65 for all the 

equipment that changes in size when a specific process 

parameter is varied, except for the absorber packing 

height. The larger the packing volume, the more the 

column and packing supports and auxiliaries are 

needed. Thus, costing the entire column may not 

necessarily follow economy of scale principle by using 

a cost exponent of 0.65. A range of cost exponents 

where then tested: 0.65, 0.85, 0.9, 1.0 and 1.1. To 

differentiate the results of each cost exponent, each 

cost exponent was designated PH-cost exponent. PH 

signifies packing height, which is being varied, while 

the number refers to the cost exponent used for 

estimating the new costs of the new packing size 

(volume). For example, in the case of PH-0.65 results, 

it means that as the packing height (PH) of the 

absorption column was varied between 12 m and 25 m, 

the costs of the new packing heights (12 m, 18 m, 20 

m, 22 m, and 25 m) were estimated using a cost 

exponent of 0.65. New packing costs were also 

similarly estimated using cost exponents of 0.85 (PH-

0.85), 0.90 (PH-0.90), 1.0 (PH-1.00), and 1.10 (PH-

1.10). The results are plotted together and are 

compared with the original cost, that is the cost 

obtained directly from Aspen In-Plant Cost Estimator 
version 12. 

 

0

5

10

15

20

25

30

35

40

45

Fl
u

e 
ga

s 
fa

n

D
C

C
 u

n
it

D
C

C
 p

u
m

p

D
C

C
 c

o
o

le
r

A
b

so
rb

e
r

D
es

o
rb

er

Le
an

/r
ic

h
 H

X

R
eb

o
ile

r

C
o

n
d

e
n

se
r

Le
an

 M
EA

 c
o

o
le

r

R
ic

h
 p

u
m

p

Le
an

 p
u

m
p

C
o

n
d

e
n

sa
te

 c
o

o
le

r

C
o

n
d

e
n

sa
te

 s
ep

ar
at

o
r

To
ta

l p
la

n
t 

co
st

 c
o

n
tr

ib
u

ti
o

n
 (

%
)

Main equipment/shell Packing

SIMS EUROSIM 2021

DOI: 10.3384/ecp21185301 Proceedings of SIMS EUROSIM 2021
Virtual, Finland, 21-23 September 2021

305



 

 
Figure 4. Impact of varying absorber packing height on 

the plant’s capital cost with different cost exponents 

 

 

 

 
 

Figure 5. Comparison of IDF Scheme capital costs with 

reference capital cost when the temperature difference in 

the lean/rich exchanger is varied 

 

Figure 4 shows that the cost exponent of 1.1 has the 

best agreement with the original cost for new sizes 

higher than the base case, and 0.85 for the size (12 m 

packing height) less than the base case (15 m packing 

height). However, cost exponent 1.00 also has a good 

agreement. Therefore, a cost exponent of 1.10 was 

used in the IDF scheme to estimate the cost of the 

absorber packing volume from the Base case (original 

cost) for higher volumes and 0.85 for volume less than 

in the base case where the absorber packing height is 

12. The results suggest that due to the peculiarity of the 

cost of the packings/auxiliaries/supports/installations, 

not necessarily following economy of scale when the 

size of the column increases, new cost due to size 

adjustment using Power Law would require a cost 

exponent of 1.1 to minimize the estimation error or 

deviation from the original (reference) cost. 

The ∆𝑇𝑚𝑖𝑛 of the main heat exchanger was varied 

from 5℃ to 30℃ in steps of 5℃. The IDF Scheme 

capital costs in each iteration were similarly estimated 

but with a cost exponent of 0.65 for all equipment apart 

from the columns and their packings, which were 

estimated with a cost exponent of 1 as they were kept 

constant. Varying ∆𝑇𝑚𝑖𝑛 will not have any effect on 

the absorber. Figure 5 presents the comparison of 

capital cost estimates from the IDF tool with the 

original capital costs. Original or reference costs are 

the cost obtained directly from Aspen In-Plant Cost 

Estimator. The agreement is quite good. The trend of 

the estimates is also similar to results in (Aromada et 

al., 2020b). 

 

3.4 CO2 Capture Cost 

Trade-off analyses of the resulting capital and 

operating costs due to varying of the two process 

parameters were conducted, using the economic cost 

metric of CO2 capture cost. This was estimated as 

follows:  

 

𝐶𝑂2 𝑐𝑎𝑝𝑡𝑢𝑟𝑒 𝑐𝑜𝑠𝑡 (
€

𝑡𝐶𝑂2
) =

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡(€)

𝑀𝑎𝑠𝑠 𝑜𝑓 𝐶𝑂2 𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑑 (𝑡𝐶𝑂2)
 

 

                   (2) 

 

 

where, the total annual cost is the sum of the annual 

capital cost and yearly operating expenses as done in 

(Aromada et al., 2020a). The results are presented in 

Figure 6 and Figure 7. The agreement with the original 

cost is very good. In Figure 6, IDF estimates used 0.85 

as cost exponent for absorber packing height of 12 m 

and 1.1 for packing heights above that of the Base case 

(15 m) as explained in the previous section. However, 

capture cost was also estimated using 1.1 for 12 m, 

which is represented by a “red circle”. The agreement 

is also good but using 0.85 is more accurate. This 

implies that the IDF scheme will still give good 

estimates if 1.1 is used as the cost exponent for all 

packing height iterations. 

Figure 7 is specifically a cost optimization result. 

The cost optimum ∆𝑇𝑚𝑖𝑛 is 15℃ which is the same 

cost optimum temperature difference calculated in 

(Aromada et al., 2020b) even though both process 

specifications, CO2 concentrations and capture rates 

are different. Aromada et al. (2021) also calculated the 

cost optimum ∆𝑇𝑚𝑖𝑛 to be 15℃ for a similar process 

but including CO2 compression process. Kallevik 

(2010) estimated the minimum cost at 90 % CO2 

capture as in this study to be 15℃. The results obtained 

show that apart from drastically reducing the work and 

time required for cost estimation and cost optimization 

calculations in subsequent process simulation 

iterations, the IDF tool can give accurate or acceptable 

capital cost and operating cost. 

The specific reboiler heat plot in Figure 7 indicates 
that the capital cost dominates at 5℃. The capital cost 

influence declines till the cost optimum, after which 

the energy cost (operating cost) begins to dominate. 
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Figure 6. Impact of varying absorber packing height on 

CO2 capture cost 

 

 

 

 
Figure 7. Impact of varying the minimum approach 

temperature in the lean/rich exchanger on CO2 capture 

cost 

 

 

 

3.5 Accuracy 

We conducted an error analysis of the IDF tool using 

a simple percentage of differences between the IDF 

Scheme results and the original costs. This was 

performed as follows: 

 

𝐸𝑟𝑟𝑜𝑟 (%) =
(𝐼𝐷𝐹 𝑟𝑒𝑠𝑢𝑙𝑡−𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑐𝑜𝑠𝑡)

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑐𝑜𝑠𝑡
× 100             (3) 

 

A negative value indicates that the IDF Scheme

estimate is less than the original or reference cost and

vice versa. The IDF Scheme’s errors in both the capital

cost and CO2 capture cost estimates for absorber

packing height and lean/rich heat exchanger’s
temperature difference iterations are presented in

Figures 8 and 9, respectively.

 

 
Figure 8. Error analysis of resulting capital costs by 

varying the absorber packing height 

 

 
Figure 9. Error analysis of resulting capital costs by 

varying the minimum approach temperature in the 

lean/rich exchanger  

 

In the case of varying the absorber packing height, 

the error in the capital cost estimates of the scheme is 

between 0.01 to 0.39%, while it is 0 to 0.12% for CO2 

capture cost (Figure 8). If 1.1 is used as cost exponent 

for 12 m which is less than the Base case size (15 m), 

the errors at that point increase to approximately 1% 

and 0.3% for the capital cost and CO2 capture cost 

respectively, as can be observed in Figure 8. That is 

why 0.85 cost exponent is adopted for packing height 

less than the Base case in the IDF Scheme. This is 

because of the peculiarity of the absorption column 

and packings in respect of economy scale principle as 

explained earlier. 

In the case of the lean/rich heat exchanger 

temperature difference iterations, the IDF tool errors 

for the capital cost and CO2 capture cost estimates are 

between -0.66 to 0.18% and -0.30 to 0.16%. 

These are very small errors and are acceptable. 

They do not have any effect on cost optimization 

calculations or sensitivity analysis results when 

process parameters are varied several times. 

Therefore, the IDF tool is suitable for quick and 

accurate cost estimation and other economic analysis 

of solvent-based CO2 capture processes involving 

several iterations of the entire process from simulation 

to cost estimation. 
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4 Conclusion 

A simple scheme was developed in Aspen HYSYS for 

quick and accurate iterative process simulations, 

equipment dimensioning and cost estimation of a CO2 

capture process. We refer to it as the Iterative Detailed 

Factor (IDF) Scheme. It is implemented by the aid of 

the Aspen HYSYS spreadsheet’s function. It was 

validated in this work. The average error in all the 

iterations is 0.2% of the reference cases. The cost 

optimum temperature difference in the lean/rich heat 

exchanger estimated using the IDF tool with fixed 

tubesheets shell and tube heat exchangers (FTS-

STHX) is 15℃. This agrees with recent literature. 

Application of detailed factorial methodology in 

cost estimation is time-consuming. However, the IDF 

tool reduces the time required for economic analysis of 

CO2 capture processes for subsequent iterations to less 

than a minute after simulation.  

Therefore, with the IDF Scheme, accurate cost 

optimization of CO2 capture processes, sensitivity 

analysis of process parameters and economic 

assumptions as well as market conditions, solvent and 

blends cost analysis and other iterative cost studies of 

CO2 capture processes can be conducted using detailed 

factorial method in relatively short time (minutes 

instead of hours or days). 

 

References  

H. Ali, N. H. Eldrup, F. Normann, R. Skagestad, and L. E. 

Øi. Cost Estimation of CO2 Absorption Plants for CO2 

Mitigation–Method and Assumptions. International 

Journal of Greenhouse Gas Control, 88, 10-23, 2019. 

S. A. Aromada and L. E. Øi. Simulation of Improved 

Absorption Configurations for CO2 Capture. In 

Proceedings of the 56th Conference on Simulation and 

Modelling (SIMS 56), October, 7-9, 2015, Linköping 

University, Sweden. Linköping Electronic Conference 

Proceedings, 21-29, 2015. 

doi:http://dx.doi.org/10.3384/ecp1511921 

S. A. Aromoda and L. E. Øi. Energy and Economic Analysis 

of Improved Absorption Configurations for CO2 

Capture. Energy Procedia, 114, 1342-1351, 2017. 

S. A. Aromada, N. H. Eldrup, F. Normann,  and L. E. Øi. 

Techno-Economic Assessment of Different Heat 

Exchangers for CO2 Capture. Energies, 13(23), 6315, 

2020a. 

S. A. Aromada, N. H. Eldrup, F. Normann and L. E. Øi. 

Simulation and Cost Optimization of different Heat 

Exchangers for CO2 Capture. In Proceedings of the 61st 

International Conference of Scandinavian Simulation, 

SIMS 2020, September 22-24, Virtual Conference, 

Oulu, Finland. Linköping Electronic Conference 

Proceedings, 22-24, 2020b. 

S. A. Aromada, N. H. Eldrup, and L. E. Øi. Capital cost 

estimation of CO2 capture plant using Enhanced 

Detailed Factor (EDF) method: Installation factors and 

plant construction characteristic factors. International 

Journal of Greenhouse Gas Control, 110, 103394, 2021. 

L. M. Boldon and P. Sabharwall. Small modular reactor: 

First-of-a-Kind (FOAK) and Nth-of-a-Kind (NOAK) 

Economic Analysis (No. INL/EXT-14-32616). Idaho 

National Lab. (INL), Idaho Falls, ID (United States), 

2014. doi: 10.2172/1167545 
R. Dutta, L.O. Nord and O. Bolland. Selection and design of 

post-combustion CO2 capture process for 600 MW natural 

gas fueled thermal power plant based on operability. 

Energy, 121, 643-656, 2017.  

N. H. Eldrup. Installation factor sheet - Project 

Management and Cost Engineering. Master's Course.  

University College of Southeast Norway, Porsgrunn, 

2020. 
E. S. Fernandez, E. J. Bergsma, F. de Miguel Mercader, E. L. 

Goetheer, T. J. Vlugt. Optimisation of lean vapour 

compression (LVC) as an option for post-combustion CO2 

capture: Net present value maximisation. International 

Journal of Greenhouse Gas Control, 11, 114–121, 2012. 

O. B. Kallevik. Cost estimation of CO2 removal in HYSYS. 

Master’s Thesis, Telemark University College, 

Porsgrunn, 2010. 
N. Sipöcz, A. Tobiesen, and M. Assadi. Integrated modelling 

and simulation of a 400 MW NGCC power plant with CO2 

capture. Energy Procedia, 4, 1941-1948, 2011. 

N. Sipöcz and F.A. Tobiesen. Natural gas combined cycle 

power plants with CO2 capture–Opportunities to reduce 

cost. International Journal of Greenhouse Gas Control, 7, 

98-106, 2012. 

M. Sprenger. Carbon capture is cheaper than ever. Norwegian 

SciTech News, Research News from NTNU and SINTEF, 

Norway. April 10, 2019. Accessed on 10.01.2021. 

Available:   

https://norwegianscitechnews.com/2019/04/carbon-

capture-is-cheaper-than-ever 

E. J.Stone, J. A. Lowe, and K. P. Shine. The impact of carbon 

capture and storage on climate. Energy & Environmental 

Science, 2(1), 81-91, 2009. 

L. E. Øi. Aspen HYSYS simulation of CO2 removal by 

amine absorption in a gas based power plant. In 

Proceedings The 48th Scandinavian Conference on 

Simulation and Modelling (SIMS 2007), Göteborg, 

Sweden. Linköping Electronic Conference Proceedings 

27(8), 73-81, 2007. 

L. E. Øi. Removal of CO2 from exhaust gas. PhD Thesis, 

Telemark University College, Porsgrunn.   TUC 3: 2012. 

 

 

 

  

SIMS EUROSIM 2021

DOI: 10.3384/ecp21185301 Proceedings of SIMS EUROSIM 2021
Virtual, Finland, 21-23 September 2021

308

https://norwegianscitechnews.com/2019/04/carbon-capture-is-cheaper-than-ever
https://norwegianscitechnews.com/2019/04/carbon-capture-is-cheaper-than-ever

	Introduction
	Materials & Methods
	Sample preparation and Raman analysis
	Principal Component Analysis (PCA)

	Results & Discussion
	Pre-processing of raw spectra
	Initial PCA Analysis
	Optimized PCA with Variable Selection

	Conclusion
	Introduction
	Knowledge-based variable grouping
	Grouping with data analysis
	Correlation analysis
	Correlations in nonlinear systems
	Correlations in variable groups
	High-dimensional data

	Decomposition
	Clustering
	Reasoning

	Model-based selection and grouping
	Application cases
	Discussion
	Conclusions and future studies
	Introduction
	Proposed Wall Element
	Heat Transfer Analysis
	Material Properties and Boundary Conditions
	Results

	Hygrothermal Analysis
	Concluding Remarks
	Introduction
	Modeling for Energy Optimal Control
	Optimal control
	Numerical solution to optimal control problems
	Modeling implications

	Data
	Pressure offset estimation

	Model
	Dynamics
	Throttle
	Cylinder
	Torque
	Turbine
	Wastegate
	Compressor

	Energy optimal control
	Conclusions
	Introduction
	Background
	Previous work

	Methods
	Machine learning vs traditional computer vision algorithms
	Machine learning using fastai
	Image classification and segmentation
	Estimating tank level from an image
	Transfer learning
	ResNet
	Model training

	Traditional approach using OpenCV
	Binary threshold
	Canny edge detection


	Experimental setup
	Perspective distortion

	Results and discussion
	Model training
	Optimal scene conditions
	Challenging scene conditions
	Adapting to changes in the image scene 

	Repeatability under experimental variation
	Rotating tank - altered viewing angle
	Refilling tank - altering distribution of coffee beans in tank

	Timing

	Conclusions
	Introduction
	An introductory example
	Analysis
	Instability
	Erroneous simulation

	Numerical optimal control
	Optimal control
	Direct methods for optimal control

	Simulation of the optimal control
	Event functions
	Handling of the control input

	Example application
	Rocket Model
	Nominal problem formulation
	Problem variation
	Simulation

	Conclusions
	Introduction
	Operational Philosophy
	Lean burn gas engine - Otto Cycle
	Main control loops
	Speed Control
	Air pressure/AFR control
	Air temperature control
	NOx control
	Global ignition timing control

	Global ignition timing and efficiency
	Global ignition timing and heat rate

	Process modelling and description
	Charge air pressure
	Global Ignition timing
	Suction air temperature
	Charge air temperature
	IMEP
	Heat rate
	Knock level
	Peak pressure
	NOx
	O2
	Exhaust temperature
	State space model of engine

	Optimal control problem formulation
	Results and Discussion
	Conclusions
	Introduction
	Materials and methods
	Measurements
	Signal processing

	Results and discussion
	Acceleration measurements and their squared envelope spectra, bearing fault
	Acceleration measurements and their squared envelope spectra, misalignment
	Local regularity signals and their L-S periodograms and DCT spectra, bearing fault
	Local regularity signals and their L-S periodograms and DCT spectra, misalignment

	Conclusions
	Modeling and Simulation for Decision Making in Sustainable and Resilient Assembly System Selection
	1 Introduction
	1.1 Aims
	1.2 Sustainable manufacturing
	1.3 Resilient and Agile Manufacturing
	1.4 Requirements and solutions

	2 Design, modeling and evaluation
	2.1 Define requirements and needs
	2.2 Solution modeling
	2.2.1 Manufacturing system modeling

	2.3 Evaluation and analytics
	2.3.1 Cost and efficiency aspects analytics
	2.3.2 Environmental aspects analytics

	2.4 Improve decision making

	3 Discussion
	4 Conclusions
	Introduction
	Background
	Previous Work
	Outline of the Paper

	System Description
	Mathematical Model
	Hydro Power Plant
	Solar Power and Consumer Load
	Grid
	Canonical Representation of the Model
	Case Study

	Deterministic MPC
	Cost Function
	OCP Formulated in JuMP.jl

	Stochastic MPC
	Cost Function
	Stochastic Scenarios for Ps and P
	Stochastic OCP

	Results and Discussions
	Deterministic MPC
	Stochastic MPC

	Conclusions and Future Work
	Bibliography
	Introduction
	Background
	Outline of the Paper

	Speed Governor for Single Hydro Power Plant
	Governing mechanism
	Trollheim Hydro Power Plant
	Tuning of PI Controller
	Step Change in Load Power P

	Control of Multiple Hydro Power Plants
	Problem Description
	Concept of Droop Control
	Internal Structure of Droop Controller

	Case Studies
	Case Study-1
	Case Study-2

	Conclusions and Future Work
	Bibliography
	Introduction
	System Description
	Electrode Drying
	Solvent Recovery System
	Dry Room Air Dehumidification System
	Heat Pump
	Heat Exchanger Networks

	Results and Discussion
	Effect of Parameters on the Evaporation Energy of Drying
	Effect of Drying Temperature and Regenerator Size on the Energy of Solvent Recovery System
	Energy Consumption with Heat Pump
	Energy Consumption with MER-Network
	Comparison of the Used Energy Optimization Methods
	Comparison with Literature Values

	Conclusions
	Introduction
	System Description
	System model
	Operational constraints

	Optimal Control Formulation
	Reference region tracking OCP with output constraints
	New OCP with constraint relaxation

	Simulation of Nominal MPC
	Simulation result: Initial water level below the reference region
	Simulation result: Initial water level in the reference region

	Robustness Analysis
	Conclusion
	Introduction
	Methods
	Results and Discussions
	Conclusions
	Introduction
	Modeling and Sensitivity Analysis
	Model Description
	Uncertainties
	Open Loop Simulation
	Global Sensitivity Analysis

	Standard NMPC and Stochastic Analysis
	Design of deterministic standard NMPC
	Stochastic analysis of parametric uncertainty

	Conclusion
	Introduction
	Background
	Previous Work
	Structure of Paper

	Model Overview
	Two-phase Flow in a Porous Media
	Reservoir Overview
	Reservoir Model
	Well Model
	Simplifying Assumptions
	Valve and Pipe
	Water Saturation Versus Relative Permeability
	Mobility Determination
	Numerical Solution
	Pressure Equation

	Model Uncertainty and PI Controller
	Uncertainty Analysis
	PI Controller

	Simulation Results
	Conclusions
	Bibliography
	Introduction
	Method
	Simulation
	Sensors and Measurement Noise
	Analysis of Residuals

	Results and Discussion
	Fault Detectability and Isolability
	Fault Signatures
	Sensitivity to Measurement Noise

	Conclusions and Recommendations
	Acknowledgements
	Introduction
	Method
	Using a Cloud Platform
	Models
	Data
	Integration
	Output and presentation

	Results
	Implemented models
	Data Extraction
	Data and Model Integration

	Discussions
	Conclusions
	Acknowledgment
	Methanol synthesis from syngas: a process simulation
	1 Introduction
	2 Methanol synthesis from syngas and carbon dioxide
	2.1  Previous works

	3 Materials and methods
	4 Results and discussion
	5 Conclusion
	Introduction
	Modeling
	Seahorse XF
	Parameter estimation
	Structural properties
	Conclusions
	Introduction
	Background
	Previous work
	Scope

	Materials and methods
	Number balance
	Assumptions on the total population
	The classical continuous SIR description
	Extension: the SEIR description
	Poisson distribution in events
	Stochastic differential equation
	First reaction time

	Reproduction number
	Model fitting
	Measles case study

	Measles case study
	SIR model
	Deterministic model with model fitting
	SDE model
	First reaction event model

	SEIR model

	Analysis of epidemiology models
	Condition for infection growth
	Stability from SEIR model

	Conclusions
	Bibliography
	Introduction
	Background
	Previous work
	Scope

	Materials and Methods
	COVID-19 data
	Initial evolution of C
	SEICUR model
	Reaction mechanism
	Approximate initial response
	Parameters and initial states
	Reproduction number

	The Norwegian PHI model
	Variation in infection rate
	Mitigation

	Model Fitting
	Initial evolution
	Fitted mitigation policy
	Case Norway
	Case: Italy
	Case: Spain


	Discussion and conclusions
	Bibliography
	Introduction
	Background
	Previous work
	Scope

	Materials and Methods
	Reaction mechanism
	Migration
	Demographic distribution
	Extinction of COVID-19
	Herd immunity
	Vaccination
	Qualitative effect of mitigation + vaccination


	Results
	Migration
	Herd immunity
	Vaccination
	Quenching COVID-19: the importance of vaccination

	Conclusions
	Bibliography
	Introduction
	COVID-19 data
	Methodologies
	Nonlinear scaling
	Steady-state LE modelling
	Dynamic LE modelling

	Epidemiological modelling
	Variable selection
	Data analysis
	Feasibility results

	Discussions
	Conclusions and future studies

