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Abstract 

Techno-Economic Analysis of the Carbon Dioxide Capture Process in Pre-Combustion 

Applications 

 

Husain E. Ashkanani, PhD 

 

University of Pittsburgh, 2021 

 

 

 

 

Aspen Plus v.8.8 was used to perform techno-economic analysis (TEA) of the CO2 capture 

process in pre-combustion applications. The capital expenditure (CAPEX), operating expenditure 

(OPEX), and levelized cost of CO2 captured (LCOC) were calculated to assess the feasibility of 

the process. 35 physical solvents (11 ionic liquids, 5 hydrocarbons, 7 oxygenated-hydrocarbons, 2 

nitrogenized-hydrocarbons, 5 cyclic-hydrocarbons, 3 polymers, and 2 subcooled) were used for 

CO2 capture from actual shifted fuel gas at 54.1 bar in 543 MW power plant. The CO2 capture 

process included a countercurrent packed-bed absorber containing random or structured packing, 

followed by three flash drums for solvent regeneration, and multi-stage compressors for CO2 

sequestration. The key process constraints were 90% CO2 capture from the shifted gas and less 

than 0.5 mol% fuel gas and maximum 600 ppm water in the CO2 sequestration stream. The PC-

SAFT Equation-of-State was used to model the solvent density and VLE of the gas-liquid systems 

used, while other physico-chemical properties were acquired from experimental data, literature, 

and Aspen Plus database. 

Aspen Plus calculated results indicated that (1) structured packing, Mellapak 250Y, of 

large specific surface area improved gas-liquid mass transfer, which lowered LCOC; (2) operating 

at low temperatures increased CO2 solubility and decreased solvent loss, which lowered LCOC; 

(3) volatile solvents exhibited significant solvent loss; (4) ionic liquids with negligible vapor 

pressure have high viscosity and would be suitable for warm/hot temperature CO2 capture; (5) the 



 v 

CAPEX and OPEX decreased with decreasing plant power capacity, however, LCOC increased 

due to the small mass of CO2 captured; and (6) among the 35 solvents used, diethyl sebacate 

provided the lowest LCOC at $7.14 per ton CO2 captured. 

An artificial neural network (ANN) was developed using the Aspen Plus calculated 

CAPEX, OPEX, and LCOC of the CO2 capture process. 320 randomly selected cases were used 

for training and 481 cases were used for testing the ANN. The input to the ANN included plant 

power capacity, operating temperature, solvent properties, and packing specific surface area. The 

ANN was able to predict the calculated CAPEX, OPEX, and LCOC with high coefficient of 

determination (R2) of 0.9961, 0.9994, 0.9995, respectively. 
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1.0 Introduction 

In 2019, the global CO2 emission reached 34.2 Gtons with China emitting 9.83 Gtons, 

followed by the USA 4.96 Gtons [1]. Figure 1.1 shows the top ten countries, which have the highest 

CO2 emission totaling more than two thirds of the worldwide emissions.  

 

 

Figure 1.1. Top ten countries in terms of highest CO2 emissions in 2019 [1] 

 

According to the EPA, the highest source of CO2 emissions in the USA was from 

transportation followed by power plants [2]. Coal, which produces the most CO2 among fossil 

fuels [3], is used to generate electricity in three different venues: (1) pulverized coal combustion 

(PCC), (2) integrated gasification combined cycle (IGCC) and (3) Oxy-combustion [4]. In PCC, 

coal is combusted to flue gas in a boiler to generate high-pressure steam, which is sent to a turbine 

to produce electricity. The concentration of CO2 in the flue gas at atmospheric pressure varies 

typically between 10 and 14 vol% [5]. In an IGCC, solid carbonaceous feedstocks (coal, biomass, 

municipal solid waste, plastics, heavy residue, etc.) are gasified with steam and air (or oxygen) to 
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produce fuel gas, which is used for generating electricity and/or for the production of clean 

transportation fuels and high-value chemicals [6, 7]. If oxygen is used in the IGCC plant, an 

expensive air separation unit (ASU) is required. Raw syngas often contains solid particulates and 

its H2 to CO ratio (H2/CO) is low. To increase the H2/CO ratio in the syngas, the solid particulates 

are first removed, and the syngas is then shifted in a conventional or sour water-gas-shift (WGS) 

reactor [8]. In the shift reactor, CO reacts with steam to produce H2 and CO2, increasing their 

concentrations in the shifted gas [9]. The concentration of CO2 in the fuel gas is typically between 

15 and 50 vol% [10] at higher pressures up to 70 bar [5]. Also, the temperatures of the fuel gas is 

up to 520 oC depending on the steam/CO ratio of the shift reactor [8]. Typically, the shifted gas is 

cooled and H2S is removed and sent to Claus plants before sending it to the CO2 capture facility. 

The IGCC is considered more advantageous than PCC due to the following: (1) IGCC has a higher 

thermal efficiency, (2) the release of solid by-products and waste is lower, (3) the emissions of 

NOx, SOx and trace pollutants such as mercury (Hg) are lower, and (4) the CO2 capture is more 

efficient because the CO2 concentration in the fuel gas is much greater than that in the flue gas.  

In oxy-combustion, coal is combusted in high-purity oxygen (up to 97%) instead of air to 

produce flue gas containing highly concentrated CO2 since air is not used in the process [4]. The 

steam is condensed and separated from the flue gas and the remaining CO2 could be sent to 

sequestration sites. However, this process is expensive due to the need for an ASU and other 

technical difficulties associated with separating incondensable gases [4]. Typically, CO2 can be 

removed from flue gas streams using chemical methods and from fuel gas steams using physical 

methods. 

 



3 

1.1 Chemical Methods 

Chemical methods involve using a reactive solvent, such as monoethanolamine (MEA), 

diethanolamine (DEA), triethanolamine, and 2-amino-2-methyl-1-propanol (AMP), to chemically 

react with CO2 from post-combustion flue gas streams. The overall reaction with MEA can be 

represented as follows [11]: 

𝐶𝑂2 + 2𝐻𝑂𝐶𝐻2𝐶𝐻2𝑁𝐻2 ⇌ 𝐻𝑂𝐶𝐻2𝐶𝐻2𝑁𝐻3
+ + 𝐻𝑂𝐶𝐻2𝐶𝐻2𝑁𝐻𝐶𝑂2

− (1.1) 

This reaction is reversible, which means that the solvent can be regenerated by forcing the 

backward reaction to take place. Increasing the temperature will achieve this objective as it will 

dissociate the carbamates back to MEA and CO2 [12]. 

Other solvents used for CO2 chemical absorption include aqueous-ammonia, potassium 

carbonate, and sodium glycinate [13-15]. The advantages of using aqua-ammonia to capture CO2 

are (1) ammonia does not corrode the process units, (2) there is no degradation due to the O2 

present in the flue gas [16], and (3) useful products can be obtained, such as ammonium sulfate 

(gypsum) and ammonium nitrate, a fertilizer [13]. The drawback of this process, however, is 

related to the loss of ammonia in the flue gas due to its volatility [17, 18]. This led Kozak et al. 

[19] to propose and build a chilled ammonia pilot-plant capable of capturing 15,000 ton of CO2 

per year. Potassium carbonate has been used as a solvent for CO2 capture in the Benfield process 

[20], which has been studied and modeled by other authors [21-23]. The overall reaction of the 

process is as follows [24, 25]: 

𝐶𝑂2 + 𝐻2𝑂 + 𝐾2𝐶𝑂3 → 2𝐾𝐻𝐶𝑂3 (1.2) 

Sodium glycinate, which is the product of glycine amino acid reaction with sodium 

hydroxide salt, has been extensively studied as a potential chemical solvent for CO2 capture [14, 

15, 26-34]. The amino acid forms a zwitterion by transferring the hydrogen ion from the carboxylic 
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acid group to the amine group. In 2019, Wang et al. [15] developed a model for CO2 capture using 

sodium glycinate as the chemical solvent. The model predictions were validated using CO2-AMP 

experimental data by Tontiwachwuthikul et al. [35]. 

1.2 Physical Methods 

Unlike chemical methods, physical methods employ solvents with high affinity and 

capacity to absorb CO2 from fuel gas streams without any chemical reactions. Some processes and 

their corresponding physical solvents are given in Table 1.1 and some commercial plants are 

summarized in Table 1.2. In general, physical solvents have similar features for acid gas removal 

(AGR), including (1) higher H2S and COS selectivity when compared to that of CO2, (2) high 

loading when the acid gas partial pressure is high, (3) they are chemically and thermally stable, 

and (4) their heat of solution is low. This means that heating the solvent is not required to 

regenerate the solvent, whereas decreasing system pressure is sufficient [36, 37]. A physical 

process with high H2S over CO2 selectivity can be configured into two-stages, where H2S is 

captured in the first stage and then CO2 is captured in the second stage [38, 39]. 

When the partial pressure of CO2 in the fuel gas streams is high, physical solvents become 

more favorable than chemical methods due to the increased concentration difference between the 

CO2 in the gas-phase and its mole fraction in the solvent, which is the driving force. This is why 

physical absorption is more favorable in pre-combustion applications such as in an IGCC power 

plant because the fuel gas exits the WGS reactor at a high pressure. 
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Table 1.1. Conventional physical solvents used in AGR processes[22, 40] 

Solvent  

(Major Component) Manufacturer 
Operating Requirements Comments 

Rectisol 

(Chilled Methanol) 

Linde AG/Lurge AG 

• Refrigeration required. 

• High vapor pressure. 

• Water washing of effluent 

streams to prevent high 

solvent losses. 

• Exhibits higher selectivity for 

H2S over CO2. 

Selexol 

(Dimethylether of polyethyleneglycol)  

Norton/Dow/UOP 

• Exhibits a high CO2 solubility 

among physical solvents. 

• Operates at temperature range 

0 to 40 oC. 

• Higher viscosity than most 

physical solvents, particularly 

at low temperatures, resulting 

in low mass transfer and high 

packing requirements. 

Sepasolv-MPE 

(Mixture of polyethylene glycol dialkyl 

ethers) BASF 

• Similar in performance and 

operation to Selexol process. 
• No longer licensed. 

Fluor Solvent 

(Propylene carbonate) 

Fluor 

• Has been in use since the late 

1950s. 

• A higher vapor pressure than 

Selexol, although solvent 

losses are still low. 

• Not recommended if more 

than trace levels of H2S are 

present.  

• Reacts irreversibly with water. 

• Unstable at high temperatures 

(> 65 °C). 

Purisol 

(n-Methyl-2-pyrrolidone (NMP)) 

 Lurgi GmbH 

• Water washing of treated and 

rejected acid gas required for 

solvent recovery. 

• Higher vapor pressure than 

Selexol and Fluor solvent and 

therefore operates at ambient 

temperatures or below. 

• Exhibit higher selectivity for 

H2S over CO2. 

Morphysorb 

(n-Formyl-morpholine (NFM) and n-

Acetyl-morpholine (NAM)). 

ThyssenKrupp 

• Specialty solvent first used 

industrially in 2002.  

• It was developed for its high 

selectivity of acid gases over 

heavier hydrocarbons. 

 

 

Table 1.2: Commercial plants in the USA [41] 

Name Year started Solvent used 

Terrell 1972 Fluor solvent 

Shute Creek 1986 Selexol 

Great Plains 2000 Rectisol 

Century 2010 Selexol 

Lost Cabin 2013 Selexol 

Coffeyville 2013 Selexol 

 

The most commonly used physical solvents are Selexol and Rectisol. Selexol is a mixture 

of dimethylether polyethyleneglycol and Rectisol is a chilled methanol. The properties of the two 

solvents are listed in Table 1.3. As can be seen Selexol is approximately ten times more viscous 
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than methanol at 298 K, which makes Selexol less favorable if the two processes were operated at 

the same temperature. Selexol, however, has a much lower vapor pressure making it a better 

solvent at 298 K. The solubility indices of some gases in Selexol are shown in Table 1.4; and as 

can be observed, Selexol is more selective to acid gases (H2S and CO2) than other fuel gases, such 

as H2 and CO. For a solvent to be economically feasible, it should have the following criteria: (1) 

low vapor pressure to ensure minimal solvent losses, (2) low viscosity to minimize pumping costs, 

(3) thermal and chemical stability to avoid its degradation, (4) non-corrosivity to prevent corrosion 

of the process units, and (5) high selectivity to acid gases compared to fuel gases, such as H2 and 

CO. Unfortunately, commercially available solvents could possess some but not all of these 

criteria. 

 

Table 1.3. Properties of solvents used in the Selexol and Rectisol processes [42] 

Process Selexol Rectisol 

Solvent Name 
Dimethylethers of 

Polyethyleneglycol 
Methanol 

Formula 
CH3(CH2CH2O)nCH3 

3 ≤ n ≤ 9 
CH3OH 

MWt (kg/kmol) 280 32.04 

Density at 298 K (kg/m3) 1,030 753 

Viscosity at 298 K (Pa.s) 0.0059 0.000539 

Melting point (K) 244-251 175.62 

Boiling point at 1.013 bar (K) NA 321.25 

cp at 298 K (J/kg.K) 2090 2498 

Thermal conductivity at 298 K (W/m.K) 0.19 0.2011 

Vapor pressure at 298 K (Pa) 0.093 16678.4 
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Table 1.4. Component index solubility in Selexol relative to methane [42] 

Component 
Component  

index solubility 

CH4 1.0 

H2 0.2 

CO 0.8 

CO2 15 

COS 35 

H2S 134 

CH3SH 340 

C6H6 3,800 

H2O 11,000 

HCN 38,000 

 

It should be noted, however, there remain significant problems associated with using 

physical solvents, such as difficulty in meeting fuel gas specifications and high solvent viscosities. 

Therefore, ongoing research efforts are focusing on the development of physical solvents with 

extremely low vapor pressure, high thermal stability, low flammability, low toxicity and high 

selectivity to CO2 over H2. 
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2.0 Research Objective 

The objective of this research is to perform a detailed techno-economic analysis (TEA) 

using Aspen Plus of the CO2 capture process in pre-combustion applications using numerous 

selected physical solvents. More specifically, the capital expenditure (CAPEX), operating 

expenditure (OPEX) and the levelized cost per ton of CO2 captured (LCOC) will be obtained for 

each physical solvent under typical process conditions of an actual IGCC power plant. The overall 

goal is to screen many physical solvents and design the corresponding proper CO2 capture process 

based on the given fuel gas flow rate of the IGCC power plant in order to obtain the most 

economically feasible process for CO2 capture. In order to achieve this goal, the following steps 

are followed: 

1. Identify a potential physical solvent for pre-combustion CO2 capture. 

2. Obtain the physico-chemical properties of the solvent and regress and model these 

properties for Aspen Plus.  

3. Obtain the experimental solubilities of the fuel gas species in the solvent and select 

a proper Equation-of-State (EOS) in Aspen Plus to model these solubility data for 

vapor-liquid equilibria (VLE) calculations.  

4. Design a complete CO2 capture process with solvent regeneration for the identified 

solvent. 

5. Simulate the complete CO2 capture process at various, solvent flow rates, operating 

temperatures, packing type, and power generated. 

6. Make sure the constraints imposed on the simulation process in Aspen Plus are met. 

These constraints include (1) 90% CO2 captured, (2) no flooding in the 
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countercurrent packed-bed absorber, (3) Height to diameter ratio (H/D) of the 

absorber is greater than or equal to 6, (4) minimum water concentration level (≤ 

600 ppm) in the CO2 stream destined for sequestration [43], and (5) the sum of fuel 

gas (CO, H2 and CH4) mole fractions in the CO2 stream destined for sequestration 

should be less than or equal to 0.5 mol%. 

7. Perform a TEA of the CO2 capture process. 

8. Chose another potential solvent and repeat steps 2 through 7.  

9. Compare the TEA results and determine which solvent is the most economically 

feasible for CO2 capture. 

After testing enough solvents, machine learning (ML) is used to develop a model, which 

will predict the TEA parameters from physico-chemical properties of the solvents, the solubility 

of CO2 and fuel gas in the solvent, operating conditions, and the size of the power plant. 
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3.0 Background 

3.1 Theories of Gas Absorption into Liquids 

In gas absorption, the gas diffuses through the liquid interface and continues through the 

liquid film to dissolve into the liquid bulk until equilibrium is reached. At equilibrium, there is no 

concentration gradient, and the net rate of mass transfer becomes nil. Since there is no gas 

accumulation at the gas-liquid interface, the rate of mass transfer at both sides of the interface 

should be equal, and as such the concentration gradient in each phase will adjust so that the 

aforementioned condition is met [44]. There are many theories for gas absorption into liquids, such 

as two-film theory, penetration theory and surface renewal theory. 

3.1.1 Two-Film Theory 

The two-film theory by Whitman in 1924 [45] states that gas mass transfer into a liquid 

takes place through two films, a gas film and a liquid film, separated by an interface. The gas 

transfer follows these steps: (1) gas transfer from the gas bulk to the gas-film boundary, (2) gas 

transfer through the gas-film to the gas-liquid interface, (3) gas transfers through the interface, (4) 

gas transfer through liquid-film to the liquid-film boundary, and (4) gas transfer from the liquid 

film boundary into the liquid bulk. These steps are schematically shown in Figure 3.1. The theory 

assumes the following: (1) the rate of mass transfer between the two phases is controlled by gas 

diffusion rate, (2) there is no mass transfer resistance at the gas-liquid interface [46], (3) the flow 

at the gas-liquid interface is laminar, and (4) if any turbulence exists, it would be only outside the 
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gas-liquid interface [47]. It should be noted that the two-film theory treats the mass transfer process 

as steady-state and hence the time it takes to form the concentration gradients is small [44]. 

 

 

Figure 3.1. Concentration profile of a gas transferring into a liquid 

 

In the two-film theory, the mass flux for equimolar counter-diffusion for the gas and liquid 

phases is expressed by Equations (3.1) and (3.2) and if the equilibrium relation between the two 

phases is linear, Henry’s Law can be expressed as in Equation (3.3): 

𝑁𝐴 = 𝑘𝐺(𝑃𝐴𝑏 − 𝑃𝐴
∗) (3.1) 

𝑁𝐴 = 𝑘𝐿(𝐶𝐴
∗ − 𝐶𝐴𝑏) (3.2) 

𝐻𝑒𝐴𝑃𝐴
∗ = 𝐶𝐴

∗ (3.3) 

kG and kL are the gas-side and liquid-side mass transfer coefficients, respectively, PAb and 𝑃𝐴
∗ are 

the bulk and interface equilibrium partial pressure of component A in the gas-phase, and CAb and 

CA
*
 are the bulk and interface equilibrium concentration of component A in the liquid phase. Since 

it is not possible to determine the concentration at the gas-liquid interface, the overall mass transfer 

coefficients (KG and KL) are introduced to enable computing the mass flux based on the driving 
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force between the bulk compositions of the two phases. The mass flux in the gas and liquid phases 

is given by Equations (3.4) and (3.5), respectively. 

𝑁𝐴 = 𝐾𝐺(𝑃𝐴𝑏 − 𝑃̃𝐴) (3.4) 

𝑁𝐴 = 𝐾𝐿(𝐶̃𝐴 − 𝐶𝐴𝑏) (3.5) 

𝑃̃𝐴 and 𝐶̃𝐴 are the equilibrium partial pressure and concentration in the gas and liquid bulk. Again, 

if the equilibrium relation between the two phases is linear, Henry’s Law can be used as in 

Equation (3.7): 

𝐻𝑒𝐴𝑃𝐴𝑏 = 𝐶̃𝐴 (3.6) 

𝐻𝑒𝐴𝑃̃𝐴 = 𝐶𝐴𝑏 (3.7) 

Combining Equations (3.1) to (3.7) gives the following relations: 

1

𝐾𝐺
=

1

𝑘𝐺
+

1

𝐻𝑒𝐴𝑘𝐿
 (3.8) 

1

𝐾𝐿
=

𝐻𝑒𝐴

𝑘𝐺
+

1

𝑘𝐿
 (3.9) 

In general, the partial pressure of the solvent in the gas-phase is so small that its resistance 

in the gas-phase can be neglected making the overall mass transfer dependent only on the liquid-

side mass transfer coefficient. 

3.1.2 Penetration Theory 

The penetration theory by Higbie in 1935 [47, 48] assumes that the gas diffuses or 

penetrates into the liquid through the gas-liquid interface through a film of thickness (dz) and it 

accumulates within the film in unsteady-state. No convective mass transfer takes place during the 

gas diffusion. The general mass balance of a component, A, diffusing through the interface is: 
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𝜕𝐶𝐴

𝜕𝑡
= 𝐷𝐴𝐿

𝜕2𝐶𝐴

𝜕𝑧2
 (3.10) 

where DAL is the gas diffusivity into the liquid. This equation is valid for an equimolar counter-

diffusion with a small concentration of component A [44]. The initial and boundary conditions for 

the gas absorption are: 

𝑡 = 0,     0 < 𝑧 < ∞          𝐶𝐴 = 𝐶𝐴𝑏 (3.11) 

𝑡 > 0,            𝑧 = 0             𝐶𝐴 = 𝐶𝐴
∗ (3.12) 

𝐶𝐴𝑏 is the concentration in the liquid bulk, and 𝐶𝐴
∗ is the concentration at the gas-liquid interface. 

Assuming constant concentrations at the bulk and surface, Equation (3.10) can be integrated to 

yield: 

𝐶𝐴
∗ − 𝐶𝐴

𝐶𝐴
∗ − 𝐶𝐴𝑏

= 𝑒𝑟𝑓 (
𝑧

2√𝑡𝐷𝐴𝐿

) (3.13) 

𝑒𝑟𝑓 (
𝑧

2√𝑡𝐷𝐴𝐿

) =
2

√𝜋
∫ 𝑒−𝜏2

𝑑𝜏
𝑧/(2√𝑡𝐷𝐴𝐿)

0

 (3.14) 

Neglecting convective mass transfer, the flux at the interface can be calculated by: 

𝑁𝐴 = −𝐷𝐴𝐿 (
𝜕𝐶𝐴

𝜕𝑧
) (3.15) 

Using Equation (3.13) gives: 

𝑁𝐴 = (𝐶𝐴
∗ − 𝐶𝐴𝑏)√

𝐷𝐴𝐿

𝜋𝑡
 (3.16) 

Equation (3.16) provides the rate of mass transfer at a time t. The average rate of mass transfer at 

an exposure time (te) can be obtained using: 

𝑁̅𝐴 = (𝐶𝐴
∗ − 𝐶𝐴𝑏)√

4𝐷𝐴𝐿

𝜋𝑡𝑒
 (3.17) 
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Equation (3.17) shows that shorter exposure times results in higher mass transfer rates. Similar to 

the two-film theory (Equation (3.2)), the rate of mass transfer is proportional to the driving force 

with a different proportionality constant.  

3.1.3 Surface Renewal Model 

The surface renewal model by Danckwerts in 1951 states that each element of the interface 

does not have the same exposure time to the gas [49] and the exposure time is random. It is assumed 

that the probability of an element surface to be exchanged with the bulk of the fluid is independent 

of the age of the element at the interface. The distribution of the surface age is assumed to follow 

the following function: 

𝑓(𝑡) = 𝜉𝑒−𝜉𝑡 (3.18) 

where 𝜉 is the rate of surface renewal per unit surface area. Therefore, when the surface is 

randomly renewed, the overall mass flux becomes: 

𝑁𝐴 = (𝐶𝐴
∗ − 𝐶𝐴𝑏)√

𝐷𝐴𝐿

𝜋
∫

𝜉𝑒−𝜉𝑡

√𝑡
𝑑𝑡

∞

0

 (3.19) 

Integrating the right-hand side of Equation (3.19) gives: 

𝑁𝐴 = (𝐶𝐴
∗ − 𝐶𝐴𝑏)√𝐷𝐴𝐿𝜉 (3.20) 

Since there is a finite limit to the age of the surface, Equation (3.20) most likely 

underestimates the rate of mass transfer. However, if the amount of old surface elements is small 

relative to other ages, the overall rate should not be affected. As the fluid flow becomes more 

turbulent the value of the surface renewal rate (𝜉) will become greater, however, estimating its 

value might be challenging. Gas absorption usually takes place in a unit operation where an 
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intimate contact between the gas and liquid is achieved. There are many types of unit operations 

used for gas absorption, nonetheless, this study is focusing on packed-bed absorbers. A brief 

discussion of these gas-liquid absorbers is given in the following section. 

3.2 Packed-Bed Gas Absorbers 

Packed-bed absorbers are columns containing different packings of various types, shapes, 

and sizes which are mainly used to increase the turbulence and spread the liquid over their surfaces 

thereby increasing the contact area between the gas and liquid phases increasing the gas-liquid 

mass transfer. Packed-beds can be operated in a co-current or a countercurrent mode. 

Conventionally, gas absorption is carried out in a countercurrent mode and therefore the focus of 

this study is on countercurrent gas absorbers. The design and scaleup of these absorbers require, 

among others, precise knowledge of the hydrodynamics and heat as well as mass transfer under 

the actual gas absorption process conditions. 

3.2.1 Packing Used 

The packings used in gas absorption operations can be random or structured, which are 

physically different [50]. Table 3.1 gives the void fraction and specific surface area of some 

industrial packings, where the oldest packing was Raschig rings, named after the German chemist 

Friedrich Raschig [51]. 
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Table 3.1. Types of packing and their properties. [52-56] 

Packing Void fraction Specific surface area (m2/m3) 

Raschig rings 0.64 – 0.74 92 – 364 

Berl saddles 0.62 – 0.68 105 – 466 

Pall rings 0.94 – 0.96 102 – 207 

Metal Intalox (IMTP) 0.97 – 0.98 98 – 230 

Nor-Pac 0.92 – 0.94 102 – 180 

Hy-Pak 0.92 – 0.97 95 – 180 

Mellapak 250Y 0.95 – 0.99 249 – 499 

Flexipac 0.93 – 0.98 223 

Gempak 0.91 – 0.93 220 – 452 

Norton Intalox 0.97 177 – 213 

3.2.2 Hydrodynamics in Packed-Beds 

The hydrodynamics of the gas-liquid systems in the packed-beds include flow regimes, 

pressure drop and liquid (solvent) holdup. There is no flow regime map for packed-beds operating 

in a countercurrent mode. Table 3.2 shows literature correlations for pressure drop in packed-beds; 

and as can be observed, these empirical correlations are primarily developed for an air-water 

system. Thus, using these correlations for different gas-liquid systems with properties different 

from air-water could be misleading. 

Also, Figure 3.2 shows the Generalized Pressure Drop Correlation (GPDC) graph for a 

packed-bed developed by Eckert in 1961 [57] and modified by Strigle [55]. This graph is based on 

the flow rates and density of the liquid and gas phases. In 1992, Leva [58] improved the GPDC 

graph by adding more packings and more gas-liquid systems as shown in Figure 3.3. In this study, 

all graph lines (pressure drop per unit length) were translated in the modified GPDC into equations, 

which are presented in Table 3.3. 
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Table 3.2. Litertutre correlations for pressure drop in packed-beds 

Ref 

no. 

Author, 

Year 
Packing System Correlation Notes 

[59] 

Stichlmair 

et al., 

1989 

Gempak 

Mellapak 250Y 

Montz 

Raschig rings 

Pall rings 

Reflux rings 

Hiflow rings 

Intalox saddles 

Berl saddles 

Torus saddles 

Air/water 

Oil 

Syrup 

∆𝑃

∆𝑧
=

3

4
𝑓0

′ (
1 − 𝜀′

𝜀′4.65
) (

𝜌𝐺𝑈𝐺
2

𝑑𝑃
′ ) 

 

𝜀′ = 𝜀 − ℎ𝐿 

𝑑𝑃
′ = 𝑑𝑃 (

1 − 𝜀′

1 − 𝜀
)

1
3

 

𝑓0
′ = 𝑓0 (

1 − 𝜀′

1 − 𝜀
)

𝑐
3

 

𝑓0 =
𝐶1

𝑅𝑒𝐺

+
𝐶2

𝑅𝑒𝐺

1
2

+ 𝐶3 

𝑐 =
1

𝑓0

(
𝐶1

𝑅𝑒𝐺

+
𝐶2

𝑅𝑒𝐺

1
2

) 

𝑅𝑒𝐺 =
𝜌𝐺𝑈𝐺𝑑𝑝

𝜇𝐺

 

[60] 
Kister et 

al., 2007 

Random packing 

Structured packing 
Air/water 

𝑌 =
𝐶1 (

∆𝑃
∆𝑧

)
𝐶2

[1 − exp(𝐶6 ∙ 𝑋𝐶7)]

1 + 𝐶3 (
∆𝑃
∆𝑧

)
(

𝐶2
𝐶4

)

𝑋𝐶5

 

 

𝑌 = 𝑈𝐺 [
𝜌𝐺

(𝜌𝐿 − 𝜌𝐺)
]

0.5

𝐹𝑃
0.5𝜈𝐿

0.05 

 

𝑋 = (
𝑚̇𝐿

𝑚̇𝐺

) (
𝜌𝐺

𝜌𝐿

)
0.5

 

 

(
∆𝑃

∆𝑧
)

𝑓𝑙𝑜𝑜𝑑
= 0.12𝐹𝑃

0.7 

νL is in cSt 

Equation developed by Tsai [61] 

C1 to C7 are constants found in [62] for 

structured and random packing 

Results more consistent for structured 

packing 

 

 



18 

 

 

Figure 3.2. GPDC for packed-beds developed by Eckert [57] and modified by Strigle [55] 

 

 

Figure 3.3. GPDC as modified by Leva [58] 
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Table 3.3. Parameters and limitations of the GPDC graph modified by Leva 

Author Systems Correlation Constraints 

Piche et al. 

[63] 

4% solution of 
NaOH/air + CO2 

Water/air 

CaCl2 
solution/air 

Methanol/ethanol 

𝐹𝑙𝑜𝑜𝑑𝑖𝑛𝑔 log(𝑌) = −0.29[log10(𝑋)]2 − 1.075[log10(𝑋)] − 1.636 

𝑋 =
𝑀𝐿

𝑀𝐺
√

𝜌𝐺

𝜌𝐿

 

 

𝑌 = 0.016 (
𝜌𝐺𝑈𝐺

2

𝑔
) . 𝐹𝑝 ∙ 𝑓(𝜇𝐿) ∙ 𝑓(𝜌𝐿) 

For dp < 1 in 

𝑙𝑜𝑔[𝑓(𝜇𝐿)] = 0.0591 ∙ 𝑙𝑜𝑔3(𝜇𝐿) + 0.0226 ∙ 𝑙𝑜𝑔2(𝜇𝐿) + 0.1701 ∙ 𝑙𝑜𝑔(𝜇𝐿)
− 0.0135 

For dp > 1 in 

log10[𝑓(𝜇𝐿)] = 0.1839 ∙ log(𝜇𝐿) − 0.011 

 

𝑓(𝜌𝐿) = 1.5052 ∙ ln (
𝜌𝐻2𝑂

𝜌𝐿

) + 1.1883 
 

0.01 < 𝑋 < 10 

 

700 < 𝜌𝐿 < 1400 kg/m3 

 

0.2 ≤ 𝜇𝐿 ≤ 20 𝑐𝑃  

This study 

4% solution of 

NaOH/air + CO2 

Water/air 
CaCl2 

solution/air 

Methanol/ethanol 

log(𝑌) = 𝑎[log10(𝑋)]2 + 𝑏[log10(𝑋)] + 𝑐 

 

𝑎 = −0.3525𝑃𝑙𝑜𝑔
5 −  0.9796𝑃𝑙𝑜𝑔

4  −  0.8232𝑃𝑙𝑜𝑔
3  −  0.0538𝑃𝑙𝑜𝑔

2  

+  0.1077𝑃𝑙𝑜𝑔 −  0.299 

𝑏 = −0.2893𝑃𝑙𝑜𝑔
5  −  0.8153𝑃𝑙𝑜𝑔

4  −  0.772𝑃𝑙𝑜𝑔
3  −  0.0763𝑃𝑙𝑜𝑔

2

−  0.0634𝑃𝑙𝑜𝑔  −  1.0086 

𝑐 = 0.514𝑃𝑙𝑜𝑔
5 + 1.3853𝑃𝑙𝑜𝑔

4 + 0.9824𝑃𝑙𝑜𝑔
3  −  0.1339𝑃𝑙𝑜𝑔

2 + 0.3157𝑃𝑙𝑜𝑔  

−  1.824 

𝑃𝑙𝑜𝑔 = 𝑙𝑜𝑔10

∆𝑃

∆𝑧
 

0.01 < 𝑋 < 10 

 

700 < 𝜌𝐿 < 1400 kg/m3 

 

0.2 ≤ 𝜇𝐿 ≤ 20 𝑐𝑃 

 

0.05 ≤
∆𝑃

∆𝑧
≤ 2.5 𝑖𝑛 𝐻2𝑂/𝑓𝑡 

 

The liquid holdup (hL), known as dynamic holdup, represents the liquid retained in the 

packed-bed during the two-phase flow. Static holdup is the liquid retained by capillary forces in 

the contact points between the packing elements [64]. Table 3.4 shows some liquid holdup 

correlations available in the literature, and as can be seen, these correlations include dimensionless 

numbers. 
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Table 3.4. Literature correlations for the liquid holdup in a packed-beds 

Ref 

no. 

Author, 

Year 
Packing Correlation Notes 

[59] 
Stichlmair 

et al., 1989 

Gempak 

Mellapak 250Y 

Montz 

Raschig rings 

Pall rings 

Reflux rings 

Hiflow rings 

Intalox saddles 

Berl saddles 

Torus saddles 

ℎ𝐿 = 0.555𝐹𝑟𝐿

1
3 

𝐹𝑟𝐿 =
𝑈𝐿

2𝑎

𝑔𝜀4.65
 

 

[65] 

Billet and 

Schultes, 

1993 

 

𝑎ℎ

𝑎
= 𝐶ℎ𝑅𝑒𝐿

0.15𝐹𝑟𝐿
0.1, 𝑅𝑒𝐿 < 5 

𝑎ℎ

𝑎
= 0.85𝐶ℎ𝑅𝑒𝐿

0.25𝐹𝑟𝐿
0.1, 𝑅𝑒𝐿 ≥ 5 

ℎ𝐿 = (12 ∙
𝐹𝑟𝐿

𝑅𝑒𝐿

)

1
3⁄

(
𝑎ℎ

𝑎
)

2
3⁄

 

𝑎ℎ    is the hydraulic specific surface 

area 

 

800 < 𝜌𝐿 < 1800  𝑘𝑔/𝑚3 

 

0.00059 ≤ 𝜇𝐿 ≤ 0.185 cP 

 

20.8 ≤ 𝜎𝐿 ≤ 86.3 𝑑𝑦𝑛𝑒/𝑐𝑚  
 

𝑅𝑒𝐿 =
𝑈𝐿𝜌𝐿

𝑎𝜇𝐿

 

 

𝐹𝑟𝐿 =
𝑈𝐿

2𝑎

𝑔
 

 

 

3.2.3  Mass Transfer in Packed-Beds 

Table 3.5 shows available literature correlations reported for predicting the mass transfer 

coefficients (kL) for random packing, whereas Table 3.6 show different correlations for structured 

packing.  

From these tables, the following remarks can be made: 

1. In general, these correlations are empirical in nature and cover a wide range of gases and 

solvents with different physico-chemical properties and packings of different characteristics. 

2. Some of these correlations, however, are gas and liquid specific and using them for other 

systems could be risky. 
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3. The experiments used to develop these correlations were carried under ambient pressure and 

temperature. This could raise doubt about the validity of using such correlations under 

different operating conditions. 

4. Some of these correlations include may dimensionless numbers, such as Reynolds, Weber, 

Schmidt, Froude, and Sherwood numbers. Dimensionless numbers can mask the true impact 

of a variable such as velocity as it appears in both Reynolds number and Froude number. The 

proper approach is to use Froude number to highlight the effect of velocity (inertia) whereas 

Reynolds number should be used to amplify the effect of viscosity (viscous force). Another 

important issue is the choice of the characteristic length in these numbers. For instance, 

Reynolds number based on the packing size is much smaller than that based on the column 

diameter. 
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Table 3.5. Literature correlations for the mass transfer coefficient in random packing 

Ref 

no. 
Author, Year Packing System kL Notes 

[66] 
Sherwood and 
Holloway, 1940 

Raschig rings CO2/water 
𝑘𝐿𝑎

𝐷𝐴

= 550 (
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
0.5

(
𝐿

𝜇𝐿

)
0.54

  

[67] 
Van Krevelen 
and Hoftijzer, 

1948 

 
CO2/MEA 

CO2/DEA 

𝑘𝐿 (
𝜇𝐿

2

𝜌𝐿
2𝑔

)
1/3

𝐷𝐴𝐿

= 0.015 (
𝐿

𝑎𝑒𝜇
)

2/3

(
𝜇

𝜌𝐷𝐴𝐿

)
1/3

 
 

[68] 
Shulman et al., 

1955 

Raschig rings 

Berl saddles 
Air/water 

𝑘𝐿𝑑𝑝

𝐷𝐴𝐿

= 25.1 (
𝑑𝑝𝑀𝐿

𝜇𝐿

)

0.45

(
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
0.5

 
T= 20 – 23 oC 

Gas flow rate = 100 – 1000 lb/hft2 

[69] 

Wilson and 

Geankoplis, 
1966 

spheres 

Benzoic 

acid/water 

Benzoic 
acid/propylene 

glycol 

𝑘𝐿

𝑀𝐿

𝑆𝑐
2
3𝜖 = 1.09𝑅𝑒−

2
3 𝑓𝑜𝑟 0.0016 < 𝑅𝑒 < 55 𝑎𝑛𝑑  

0.35 < 𝜖 < 0.75 
𝑘𝐿

𝑀𝐿

𝑆𝑐
2
3𝜖 = 0.250𝑅𝑒−0.31 𝑓𝑜𝑟 55 < 𝑅𝑒 < 1500 

950 < Sc < 70,600 

[70] 
Onda et al., 

1968 

Raschig rings 

Berl Saddle 

Sphere 
Rods 

CO2/water 
CO2/CCl4 

CO2/CH3OH 

𝑘𝐿 (
𝜌𝐿

𝜇𝐿𝑔
)

1
3

= 0.0051 (
𝑀𝐿

𝑎𝑤𝜇𝐿

)

2
3

(
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
−

1
2

(𝑎𝑑𝑝)
0.4

 

 

This was originally tested with water and then the 

organic solvents agreed with the correlation 

[71] 
Mohunta et al., 
1969 

Raschig rings  𝑘𝐿𝑎 = 25 × 10−4 (
𝑔𝜌𝐿

𝑎𝜇𝐿

)
0.66

(
𝑔2𝜌𝐿

𝜇𝐿

)

1
9

(
𝜇𝐿𝑀𝐿

3𝑎3

𝑔2𝜌𝐿
4 )

0.25

(
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
−0.5

  

[72] 
Akita and 
Yoshida, 1973 

Berl saddles 

Water/O2 
Glycerol 

solution/O2 

30% Vol glycol 
solution/O2 

Methanol/O2 

0.15 M Na2SO3 
solution/O2 

𝑘𝐿𝑎 = 𝑐2𝐷𝐴𝐿
0.5𝜈𝐿

−0.12 (
𝛾

𝜌𝐿

)
−0.62

𝑑𝑝
0.17𝑔0.93𝜖𝐺

1.1  

[73] 
Fukushima and 
Kusaka, 1978 

spheres Air/sulfite 
𝑘𝐿𝑑𝑝

𝐷𝐴𝐿

= 5 ∙ 102𝜙0.3𝑅𝑒𝐿

1
3𝑅𝑒𝐺

1
5𝑆𝑐

1
2 (

𝑑𝑝

𝑇
)

2.2

 

Not valid for foam flow region 

T = 20 oC 
ReL = 138 

ReG = 500 

[74] 
Mangers and 

Ponter, 1980 
Raschig rings 

CO2/Glycerol-

water 

𝑘𝐿𝑎

𝐷𝐴𝐿

= 2.03 (
𝑀𝐿

𝜇𝐿

)
1.44

(
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
0.50

(
𝜌𝐿

2𝑔𝑑𝑝
3

𝜇𝐿
2 )

−0.183

  

[75] 
Echarte et al., 

1984 
Raschig rings 

CO2/water 
CO2/water-

glycerol 
𝑘𝐿 = √

4𝐷𝐴𝐿𝑣𝐿

Π𝑙
 

6 <
𝐻

𝐷
< 36 

300 < 𝑆𝑐 < 10,000 

6 × 107 < 𝐺𝑎 < 230 × 107 

30 < 𝑅𝑒 < 800 
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Table 3.5 continued. 

Ref 

no. 
Author, Year Packing System kL Notes 

[76] 
Billet and 

Schultes, 1993 

Pall rings 

Ralu rings 
NOR PAC rings 

Hiflow rings 

Hiflow rings 
Super 

TOP-Pac rings 

Raschig rings 
VSP rings 

Envi Pac rings 

Bialecki rings 
Tellerettes 

Spheres 

Berl saddles 
Intalox saddles 

CO2/methanol 

CO2/buffer 

solution 1 
CO2/buffer 

solution 2 

CO2/1.78 molal 
NaCl solution 

CO2-water/air 

CO2-air/water 
O2-water/air 

Chlorine-air/water 

𝑘𝐿𝑎𝑤 = 𝐶𝐿 (
𝑔

𝜐𝐿

)
1/6

(
𝐷𝐴𝐿

𝑑ℎ

)
1/2

𝑎2/3𝑈𝐿
1/3

(
𝑎𝑤

𝑎
) 

𝑎𝑤

𝑎

= 1.5(𝑎𝑑ℎ)−0.5 (
𝑢𝐿𝑑ℎ

𝜈𝐿

)
−0.2

(
𝑢𝐿

2𝜌𝐿𝑑ℎ

𝜎𝐿

)

0.75

(
uL

2

gdh

)

−0.45

 

CL is a constant that is dependent on packing 
Mean deviation = 8.3% 

[77] 
Potnis and 

Lenz, 1996 

Raschig rings 

Berl saddles 

Pall rings 
Spheres 

Rods 

Humid Air/liquid-

desiccant 

Regenerator 

𝑆ℎ = 0.46𝑅𝑒1.2𝑆𝑐0.5 

Dehumidifier 

𝑆ℎ = 0.8𝑅𝑒𝑆𝑐0.5 

 

Exponent of Sc is set to 0.5 

[78] 
Shetty and 

Cerro, 1997 
  𝑘𝐿 = (

0.4185𝐷𝐴𝐿

𝑏
) (

sin 𝛼

𝑙𝑟𝑎𝑡𝑖𝑜

)
0.5

(
4𝜌𝐿𝑞

𝜇𝐿

)
1/3

(
𝜌𝐿

2𝑔𝑏3

𝜇𝐿
2 )

1/6

𝑆𝑐𝐿
0.5  

[79] 
Yuan et al., 
2004 

spheres N2-air/water 
𝑘𝐿𝑎𝑑1

𝑎𝑡𝐷𝐴𝐿

= 0.428 (
4𝜌𝐿𝑢𝐿

𝑎𝑏𝜇𝐿(1 − 𝐹)
)

0.8748

(
𝜇𝐿

𝜌𝐿𝐷𝐴𝐿

)
0.5

 

Error = 11.38% 
uL = 0.0018 – 0.0072 m/s 

uG = 0.14 – 0.57 m/s 

normal temperature 
atmospheric pressure 

[80] 

Longo and 

Gasparella, 
2005 

Pall rings 

H2O/LiCl 

H2O/LiBr 
H2O/KCOOH 

𝑘𝐿 = 25.1 (
𝐷𝐴𝐿

𝑑𝑠

) (
𝑑𝑠𝐿′

𝜇𝐿

)

0.45

𝑆𝑐𝐿
0.5 

Vapor flow rate = 0 – 5 kg/h 

L’ = 0.1 – 1.39 kg/m2s 

[81] 
Krupiczka et 
al., 2015 

Raschig rings 

CO2/[emim][Ac] 

CO2/[bmim][Ac] 

CO2/MEA 

𝑘𝐿 = 3.76𝑅𝑒−
1
3 𝑓𝑜𝑟 𝑅𝑒

2
3𝑆𝑐

1
2 (

𝑑𝑧

ℎ
)

1
2

 < 5.17 

𝑘𝐿 = 0.725𝑅𝑒
1
3𝑆𝑐

1
2 (

𝑑𝑧

ℎ
)

1
2

 𝑓𝑜𝑟 𝑅𝑒
2
3𝑆𝑐

1
2 (

𝑑𝑧

ℎ
)

1
2

> 5.17 

T = 40 – 60 oC 
QL = 0.05 – 0.5 L/min 
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Table 3.6. Literature correlations for the mass transfer coefficient for structured packing 

Ref 

no. 
Author, Year Packing System kL Notes 

[82] Kanak, 1980 Goodloe Krypton gas/freon 𝑆ℎ𝐿𝑎 = 8.0𝑅𝑒𝐺
0.605𝑅𝑒𝐿

0.45𝑆𝑐𝐿
0.5  

[83] 
Bravo et al., 

1985 

Flexipac 2 

Gempak 2AT 

Intalox 2T 
Maxpak 

Sulzer BX 

Mellapak 250Y 
Mellapak 350Y 

Mellapak 500Y 

Cyclohexane/n-hexane 
o/p-xylenes 

chlorobenzene/ethylbenzene 

i-butane/n-butane 

𝑘𝐿 = 2√
𝐷𝐴𝐿𝑈𝐿𝐸

𝜋𝑆
 

 

[84] 

Henriques de 

Brito et al., 
1992 

Mellapak 250Y 

Mellapak 250Y 500Y 
 𝑘𝐿 = 2√

𝐷𝐴𝐿

𝐶1𝜋𝑙 cos 𝛼 
𝑢𝐿

1−𝐶2
2   

[85] 
Weiland et al., 
1993 

Goodloe 
A2 Montz 

SO2/caustic soda 
CO2/NaOH 

𝑆ℎ𝐿 = 3.4𝑅𝑒𝐿
−0.08𝑆𝑐𝐿

0.5 𝑓𝑜𝑟 𝐺𝑜𝑜𝑑𝑙𝑜𝑒 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 

𝑆ℎ𝐿 = 5.2𝑅𝑒𝐿
−0.04𝑆𝑐𝐿

0.5 
 

[86] 
Rocha et al., 
1993 

Flexipac 2 

Gempak 2A 

Gempak 2AT 
Intalox 2T 

Maxpak 

Sulzer BX 

Cyclohexane/n-hexane 𝑘𝐿 = 2 (
𝐷𝐴𝐿𝐶𝐸𝑈𝐿𝐸

𝜋𝑆
)

0.5

 

CE = 0.9 

𝑈𝐿𝐸 =
𝑈𝐿

𝜀ℎ𝐿𝑠𝑖𝑛𝜃
 

[87] 
Hanley et al., 

1994 
 Air/Isopar 𝑘𝐿 =

𝐷𝐴𝐿

𝑑𝑒𝑞

(
𝑑𝑒𝑞𝑢𝐿𝜌𝐿

𝜖𝜇𝐿

)

0.5

𝑆𝑐𝐿
0.5  

[88] 
Brunazzi et al., 

1995 
Mellapak 250Y 

1,1,1-

trichloroethane/Genosorb 
300 

𝑘𝐿 = 2√
𝐷𝐴𝐿𝑈𝐿𝐸

0.9𝜋𝑑ℎ

  

[77] 
Potnis and 
Lenz, 1996 

Munters CELDEK Humid Air/liquid-desiccant 

Regenerator 

𝑆ℎ = 0.01𝑅𝑒𝑆𝑐0.5 (30 𝑐𝑚 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑖𝑧𝑒) 

𝑆ℎ = 0.02𝑅𝑒𝑆𝑐0.5  (55 𝑐𝑚 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑖𝑧𝑒) 

Dehumidifier 

𝑆ℎ = 0.04𝑅𝑒0.9𝑆𝑐0.5  (30 𝑐𝑚 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑖𝑧𝑒) 

𝑆ℎ = 0.03𝑅𝑒𝑆𝑐0.5  (55 𝑐𝑚 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑖𝑧𝑒) 

Exponent of Sc is set to 0.5 

[89] 
Brunazzi and 
Paglianti, 1997 

Mellapak 250Y 
Sulzer BX 

CO2-water/air 

Gensorb 300/air 
Gensorb 1843/air 

𝑘𝐿𝑑

𝐷𝐴𝐿

= 𝐴
𝐺𝑧𝐵

𝐾𝑎𝐶
 

𝐾𝑎 =
𝜎3𝜌𝐿

𝜇𝐿
4𝑔

 

𝐺𝑧 = 𝑅𝑒𝐿𝑆𝑐𝐿

𝛿

𝐻
 

A, B, C are constants 
Liquid flow rates = 1.2 – 21.6 m3/(m2h) 

Gas flow rates = 0.44 – 1.4 m3/(m2h) 
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Table 3.6 continued. 

Ref 

no. 
Author, Year Packing System kL Notes 

[90] 
Gualito et al., 

1997 

Flexipac 
Flexiramic 

Mellapak 250Y 

Chlorobenzene/ethylbenzene 

Methanol/ethanol 
Air/water 

Cyclohexane/n-heptane 

Isobutene/n-butane 

𝑘𝐿 = 2√
𝐷𝐴𝐿𝑈𝐿𝐸

𝜋𝑆
  

[91] Xu et al., 2000 
Gempak 2.5A, AW7, 

AW12 

Methanol/isopropanol 

Water/acetic acid 

Methanol/water 
𝑘𝐿 =

√

4𝐷𝐴𝐿𝑈𝐿

𝜋𝑙 (
4𝐹𝑡

𝑠
)

2/3

(
3𝜇𝐿𝑈𝐿

𝜌𝐿𝜀𝑔𝑒𝑓𝑓 sin 𝛼
)

1/3
 

Packing height = 2.15 m 

P = 710 and 260 mmHg 
 

[92] 
Raynal et al., 

2004 
Mellapak 250Y 

CO2/NaOH 

𝑘𝐿 = 2√
𝐷𝐴𝐿𝑈𝐿𝐸

𝜋𝑙
  

[93] 
Haroun et al., 
2010 

 

 

𝑘𝐿𝑒

𝐷𝐴𝐿

= 𝐾 (
𝑒

𝜆
)

0.5

𝑅𝑒𝐿
0.5𝑆𝑐𝐿

0.5 

Simulations 

K=0.65 

ReL = 65 
ReG = 180 

ScL = 23 

ScG = 0.03 

[94] 
Hanley and 

Chen, 2012 

Sheet metal 

Gauze in X configuration 

 
𝑘𝐿 = 𝐴𝑅𝑒𝐿𝑆𝑐𝐿

1/3
(

𝑐𝐿𝐷𝐴𝐿

𝑑𝑒𝑞

) 
A is a constant 

Exponents are assumptions based on previous studies 
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3.3 Techno-Economic Analysis 

To perform a TEA of the CO2 capture process using Aspen Plus, a complete layout of the 

process, including all process equipment are needed. The simulations are helpful in determining 

the viability of a potential solvent in capturing CO2 from the fuel gas stream. Table 3.7 shows 

some literature CO2 capture simulations. In this table, Field and Brasington [38] simulated a CO2 

capture process using Selexol in Aspen Plus. The Perturbed Chain Statistical Association Fluid 

Theory (PC-SAFT) EOS was used to perform vapor-liquid equilibrium calculations and added 

three flash units to regenerate the solvent rated at 20.7, 11, and 1.5 bar, respectively. They also 

added a sequestration stream with the conditions 153 bar and 50 oC. Padurean et al. [95] ran 

simulations for three different physical solvents for pre-combustion applications using three 

solvents, Selexol, Rectisol, and Purisol. Their work shows Selexol was the better solvent of the 

three as it had the simplest configuration along with the lowest energy required to regenerate the 

solvent. 

Basha et al. [96, 97] used Aspen Plus to develop a process to capture CO2 using ionic 

liquids (ILs). A modified Peng-Robinson EOS was used along with the Span-Wagner EOS for 

VLE calculations. Their work is considered unique among the others presented in Table 3.7 

because the fuel gas is kept at a high temperature rather than cooling it down leading to some 

energy savings and potentially more economic benefits. In addition, Basha et al. [96, 97] showed 

that ILs have great potential for capturing CO2 even at such elevated temperatures due to their 

thermal stability and extremely low vapor pressure at the simulation temperatures. 
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Similar to Padurean et al. [95], Park et al. [98] simulated the CO2 capture process using 

Selexol, Rectisol, and Purisol using Aspen Plus. They used the PC-SAFT EOS for the VLE 

calculations and they found Selexol to be the more energy efficient of the three followed by Purisol 

and then Rectisol being the least efficient. Dave et al. [99] used ProTreat software to design the 

process of capturing CO2 using Selexol. Thermodynamic properties were calculated using a 

package within the software while the Peng-Robinson EOS was used for the gas-phase. The 

simulations showed that there is some H2 being absorbed along with the CO2 and a sensitivity 

study was conducted for the recovery of the absorbed H2. 

Siefert et al. [100] used Aspen Plus to simulate for three solvents including one IL. The 

PC-SAFT EOS was used to simulate for two of the solvents, while the ENRTL method was used 

for the IL. They found that PEGPDMS-1 performed similarly to Selexol while the IL [aPy][Tf2N] 

could potentially better the other two solvents. Zhai and Rubin [101] performed simulations of the 

CO2 capture process using the IL [hmim][Tf2N] as the solvent. The Redlich-Kwong EOS was used 

for VLE calculations. Their study found that the main concerns when using [hmim][Tf2N] are the 

pumping cost of the solvent and compression of the CO2. Roussanaly et al. [102] used Aspen Plus 

to simulate the CO2 capture process using Rectisol. The Peng-Robinson EOS was used for VLE 

calculations and H2S was removed from the fuel gas stream before the process. 
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Table 3.7: Literature simulations of the CO2 capture process 

Ref no. Author, year Solvents 

Solvent 

temperature 

(oC) 

Solvent Flow 

rate (kg/s) 

Gas 

temperature 

(oC) 

Gas flow rate 

(kg/s) 

CO2 capture 

efficiency (%) 

[38] 

Field and 

Brasington, 

2011 

Selexol 10 1,939 17 227 90 

[95] 
Padurean et al., 

2012 

Selexol 

Rectisol 

Purisol 

-40 – 40  -40 – 40 125 90.6 – 91.4 

[96] 
Basha et al., 

2013 
[hmim][Tf2N] 24.9 1,038 227 102.4 95 

[97] 
Basha et al., 

2014 

TEGO IL K5 

TEGO IL P51P 
24.9 250 – 900 227 102.4 92 

[98] Park et al., 2015 

Selexol 

Rectisol 

Purisol 

-40 – -10 96.25 – 166   90 

[99] 
Dave et al., 

2016 
Selexol 20 1,604 26 163 90 

[100] 
Siefert et al., 

2016 

Selexol 

PEGPDMS-1 

[aPy][Tf2N] 

10 – 40 1,514 – 3,154 40 147 90 

[101] 
Zhai and Rubin, 

2018 
[hmim][Tf2N] 29.4 2,439.2 29 1,734 90 

[102] 
Roussanaly et 

al., 2020 
Rectisol -19.7 0.99 30 68 85 
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Table 3.8 shows literature TEA parameters used for the CO2 capture process and as can be 

seen, the values of the parameters are very similar with the exception of Roussanaly et al. [102] 

where they used the internal utility of the plant for the electricity. The cost of the solvents also 

varied depending on the solvents. Siefert et al. [100] found that the IL [aPy][Tf2N] could have 

better economics than the other two solvents provided that its cost becomes low. However, at the 

higher end of the cost, the IL becomes less economically favorable compared to the other two 

solvents. In addition, Selexol and PEGPDMS-1 had similar performances and therefore similar 

economics. Zhai and Rubin [101] compared their TEA of [hmim][Tf2N] to that of Selexol. They 

found that Selexol was more favorable than the IL due to the latter higher cost and have determined 

for the IL to be more favorable, its CO2 solubility would have to be 10% better. In addition, they 

concluded that there is a need to improve the CO2 compression technology to further reduce costs. 

Roussanaly et al. [102] found that adding the CO2 capture process raised the cost of the plant by 

40% and that lowering the CO2 capture ratio increased the CO2 avoidance cost. Avoidance cost is 

the minimum CO2 tax required to make CO2 capture in a plant more economically favorable [103]. 

 

Table 3.8: Literature TEA parameters of the CO2 capture process 

Ref 

no. 

Author, 

year 
Solvents 

Plant 

lifetime 

(year) 

Annual 

discount 

rate (%) 

Cost of 

electricity 

($/MWh) 

Capacity 

factor 

Operating 

and 

maintenance 

cost (% of 

CAPEX/year) 

Solvent 

cost 

($/L) 

[100] 
Siefert et 

al., 2016 

Selexol 

PEGPDMS-1 

[aPy][Tf2N] 

30 7 50 0.8 4 

4 

4 

40 – 400 

[101] 

Zhai and 

Rubin, 

2018 

[hmim][Tf2N]  7.09 50 0.75 5 13.78 

[102] 
Roussanaly 

et al., 2020 
Rectisol 25 10 

0 (internal 

utility of 

plant) 

0.85 4.5  
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4.0 Research Approach 

The research approach is described in the following steps: 

1. Obtain the fuel gas flow rate, composition, pressure, and temperature based on the plant 

power. Make sure the fuel gas stream is sulfur-free because sulfur compounds could be 

removed using a bed of zinc oxide sorbent [104-107]. 

2. Select the packing type (structured or random) to be used in the absorber and obtain its 

specifications, (voidage, specific surface area, etc.) 

3. Select a physical solvent and obtain its experimental physico-chemical properties (density, 

viscosity, and surface tension) from literature or from measurements. 

4. In Aspen Plus (equilibrium-based model), select an appropriate EOS and determine the 

minimum solvent flow rate to achieve 90% CO2 removal. 

5. Set the pressure of the high-pressure (HP) flash drum. 

6. Calculate the absorber diameter and height. Make sure the height/diameter ratio of the 

absorber is greater than or equal to 6 to avoid any channeling and wall effects in the 

absorber. 

7. Assume a flow rate of the selected solvent. 

8. Select equations for mass transfer coefficients (kL and kG) and specific wetted area of the 

packing (aw). 

9. Run Aspen Plus (rate-based model) with the selected EOS to check 90% CO2 capture and 

obtain the compositions of the fuel gas species in the solvent and the molar densities of the 

liquid and gas phases.  

10. Check for flooding in the countercurrent absorber. 
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11. Obtain the two-phase pressure drop and the corresponding liquid (solvent) holdup. 

12. Check if the fuel gas content in the CO2 stream destined for sequestration is below the 

target. 

13. Check if the water content in the CO2 stream destined for sequestration is below the target. 

14. If the solvent is highly hydrophilic, add a tray distillation column in Aspen Plus to separate 

the water from the solvent. 

15. Size the process equipment and calculate the CAPEX, OPEX, and LCOC. 

A flowchart of the LCOC calculations is illustrated Figure 4.1. 
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Figure 4.1: Flowchart for TEA calculations 
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5.0 Details of the Developed CO2 Capture Process  

The fuel gas composition used was based on Case B5B, GEE IGCC with CO2 capture 

found in “Cost and Performance Baseline for Fossil Energy Plants Volume 1b: Bituminous Coal 

(IGCC) to Electricity Revision 2b - Year Dollar Update” by the NETL [108]. The only exception 

was that sulfur-containing compounds were removed from the fuel gas composition. This was 

because these compounds can be removed from the fuel gas using zinc oxide sorbents [104-107] 

and accordingly this study was focusing on CO2 capture from a sulfur-free fuel gas. The fuel gas 

flow rate was maintained at 155 kg/s and Table 5.1 shows the composition of the fuel gas used in 

the 543 MW IGCC plant. 

 

Table 5.1: Fuel gas composition used [108] 

Component Mol% 

Ar 0.7144 

CH4 0.0906 

CO 0.815 

CO2 40.7829 

H2 56.8223 

H2O 0.1208 

N2 0.654 

H2S 0.000 

 

The CO2 capture process included a countercurrent packed-bed absorber operating under 

high pressure over a wide range of temperatures and one structured packing (Mellapak 250Y) and 

one random packing (IMTP50) were used in the absorber. The properties of the two packings are 

given in Table 5.2. 
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Table 5.2: Properties of the packing used [56, 109-111] 

Packing type Mellapak 250Y IMTP50 

Images 

  
Vendor Sulzer KOCH 

S, dp 11.1 mm 50 mm 

Material Metal Metal 

Void fraction 0.987 0.98 

Specific surface area (m-1) 256 102 

Packing factor (ft-1) 20 18 

 

The equilibrium solubilities of the fuel gas components in each solvent and the molar 

densities of the liquid and gas phases were modeled using the PC-SAFT EOS, developed by Gross 

and Sadowski [112, 113] as given in 8.0. The PC-SAFT parameters for the gaseous species used 

in this study are given in Table 5.3. 

 

Table 5.3: PC-SAFT parameters for the gases used [38, 114, 115] 

Component 
PC-SAFT parameter 

m σ ϵ/kB (K) κAB ϵAB/kB (K) 

CO2 2.6037 2.555 151.04 0 0 

CO 1.2751 3.342 93.038 0 0 

CH4 1.00 3.704 150.03 0 0 

H2 0.487 4.24 33.85 0 0 

N2 1.2053 3.313 90.96 0 0 

Ar 0.9285 3.4784 122.23 0 0 

H2O 1.9599 2.362 279.42 0.034868 2500.7 

 

where the parameters m, σ, ϵ, κAB, and ϵAB used in the PC-SAFT EOS were obtained either from the 

literature or from regressing experimental data [113]. 
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5.1 Process Flow Diagram for Techno-Economic Analysis 

The CO2 capture process flow diagram developed in Aspen Plus is illustrated in Figure 5.1 

and Figure 5.2 shows the modified process for hydrophilic solvents which require further treatment 

for regeneration. 

 

 
 

Figure 5.1: Process flow diagram of the CO2 capture plant 
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Figure 5.2: Process flow diagram of the CO2 capture plant for hydrophilic solvents 

 

The constraints imposed on the process are: (1) no flooding in the absorber and minimum 

irrigated pressure drop, (2) minimum CO2 capture efficiency of 90%, (3) minimum fuel gas (H2, 

CH4 and CO) loss (≤ 0.5 mole%) in the CO2 steam destined to sequestration sites, (4) the height 

(H) to the internal diameter (D) ratio of the packing in the absorber should be greater than or equal 

to 6 to avoid channeling of the gas and solvent in the absorber, and (5) the H2O content in the CO2 

stream destined to sequestration sites should be less than or equal to 600 ppm [43] to avoid CO2 

hydrates formation in the CO2 pipelines. To meet the process constraints, the solvent flow rate and 

the absorber internal diameter were adjusted to avoid flooding and achieve minimum 90% CO2 

capture efficiency from the fuel gas stream. In Aspen Plus, the absorber dimensions were 

calculated using a rate-based model containing the mass transfer correlations developed by Onda 

et al. [70] for random packing and by Bravo et al. [83] for structured packing, which are given in 

Tables 3.5 and 3.6, respectively. The diameter of the absorber was varied depending on flooding 
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occurrence. For all diameters, the packing height to diameter ratio was maintained to at least 6. 

The check for flooding occurrence in the countercurrent absorber was carried out using the GPDC 

modified by Leva [58]. Also, the pressure drop was calculated using Leva’s graph. 

In the process flow diagram, the fuel gas enters from the bottom of the absorber at a total 

molar flow rate of 28,182 kmol/h and a pressure of 51.4 bar for the 543 MW plant. The solvent 

enters the process from the top of the absorber. The “clean” fuel gas exiting the absorber goes 

through a gas expander to reduce the pressure to 30 bar just to ensure that the pressure drop across 

the absorber is considered. The CO2-rich solvent goes through three flash drums to obtain a lean 

solvent for recycling. The first flash drum is a high pressure (HP) flash drum. The pressure is 

lowered and the liberated gas from the top of the HP flash drum is recycled back to the absorber 

to minimize fuel gas losses (≤ 0.5 mol%). The liquid from the bottom of the first flash drum goes 

through the medium pressure (MP) flash drum where the pressure is set to 10.5 bar. The liquid 

from the bottom of the second flash drum then enters a third low pressure (LP) flash drum set at 1 

bar. The liquid from the bottom of the third flash drum is then mixed with a fresh make-up solvent 

to account for any solvent losses (if needed) and the pressure and temperature of the recycle solvent 

stream are set to the pre-absorber conditions using a pump and a heat exchanger. The gas from the 

top of the LP flash drum, which consists mainly of CO2 is compressed to 10.5 bar using multi-

stage compressors with intercooling heat exchangers. This is done so that this gas stream can be 

mixed with the gas from the top of the MP flash drum. After mixing the two gas streams, the 

resultant gas is compressed to 152.7 bar using multi-stage compressors with intercooling for 

sending to sequestration sites. Between compression stages, the condensed water is removed from 

the gas stream. It was assumed that an unlimited supply of water at ambient conditions (298.15 K 
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and 1 bar) was available and the cooling fluid temperature is set as to have a temperature difference 

between the cold and hot fluids be 10 oF (≈6 K) [116]. 

5.2 Cost Calculations 

5.2.1 Capital Expenditure 

5.2.1.1 Design and Cost Estimation of the Absorption Column 

In sizing of the packed-bed absorber to handle high fuel gas flow rates, the flow rate of the 

selected solvent was adjusted in two steps. Firstly, the equilibrium model of Aspen Plus was used 

to capture 90% of the CO2 in the fuel gas stream, and secondly, the rate-based model of Aspen 

Plus along with the PC-SAFT EOS was used to refine the column size while maintaining the height 

to internal diameter ratio at 6 (H/D = 6) in order to avoid gas and liquid channeling and wall effects 

in the absorber.  

Brown [117] proposed Equation (5.1) to calculate the cost of the column based on its 

volume (V) using carbon steel as the construction material.  

𝐶𝐴𝑃𝐸𝑋2017 = 10,600 (
𝑉

1000
)

0.7

 (5.1) 

where V is in gallons. Brown [117] added a pressure factor (fpres) and a material factor (fmat) to 

adjust the cost for operating pressures and different materials rather than carbon steel. The pressure 

factor is expressed in Equation (5.2) and the material factor is given in Table 5.4. 

𝑓𝑝𝑟𝑒𝑠 = 0.0023𝑃 + 0.66 (5.2) 

where P is in psi. 
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Table 5.4: Material factor for each construction material [117] 

Material Material factor (fmat) 

Carbon steel 1.0 

Stainless steel 1.4 

Titanium 2.0 

 

Thus, after including the pressure and material factors, Equation (5.1) becomes: 

𝐶𝐴𝑃𝐸𝑋2017 = 10,600 (
𝑉

1000
)

0.7

(𝑓𝑝𝑟𝑒𝑠)(𝑓𝑚𝑎𝑡) (5.3) 

5.2.1.2 Design of Flash Drums 

There are three methods to design a flash drum: 

(1) First method: it is based on the disengagement theory to calculate the gas terminal 

velocity as: 

𝑈𝑇 = √
4𝑔𝐷𝑃(𝜌𝐿 − 𝜌𝐺)

3𝐶𝐷𝜌𝐺
 

(5.4) 

 

where g is the acceleration due to gravity, DP is the liquid droplet diameter, ρL and ρG are the 

densities of the liquid and gas phases, respectively, and CD is the drag force coefficient. Reynolds 

number is defined as: 

𝑅𝑒𝐺 =
𝜌𝐺𝑈𝑇𝐷𝑃

𝜇𝐺
 (5.5) 

The relation between the drag force coefficient and Reynolds number depends on the prevailing 

flow regime in the flash drum [54] as follows: 

Stokes’ regime 𝑅𝑒𝐺 < 1 𝐶𝐷 =
24

𝑅𝑒𝐺
 (5.6) 

Intermediate regime 1 < 𝑅𝑒𝐺 < 1000 𝐶𝐷 =
24

𝑅𝑒𝐺

(1 + 0.14(𝑅𝑒𝐺)0.7) (5.7) 
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Newton’s regime 𝑅𝑒𝐺 > 1000 𝐶𝐷 = 0.44 (5.8) 

The calculated terminal velocity is then compared with the gas superficial velocity to 

determine whether the flashing occurs, and if the gas and liquid will separate without dragging 

liquid droplets in the gas moving upward. 

(2) Second method: it is based on using the Sounders-Brown [118] method to determine 

the terminal gas velocity using Equation (5.9). 

𝑈𝑇 = 𝐾√
𝜌𝐿 − 𝜌𝐺

𝜌𝐺
 (5.9) 

This equation includes an empirical constant (K) defined as: 

𝐾 = 𝑎 + 𝑏𝑃 + 𝑐𝑃2 + 𝑑𝑃3 (5.10) 

where K is in m/s and the pressure (P) is in kPa. The values of the coefficients a, b, c, and d are 

given in Table 5.5 for a constant droplet size of 300 µm. 

 

Table 5.5: Coefficients in Equation (5.10) [118] 

Constant Value 

a 0.015996 

b 1.21×10-5 

c -1.4×10-9 

d 5.41×10-14 

 

Combining Equations (5.4) and (5.9) gives Equation (5.11), which shows the dependency 

of K on the droplet size and the drag force coefficient.  

𝐾 = √
4𝑔𝐷𝑃

3𝐶𝐷
 (5.11) 
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In this study, the diameter of the liquid droplet used was 300 µm. Once the terminal gas 

velocity was determined, the cross-sectional area and diameter of the flash drum were calculated 

using Equations (5.12) and (5.13). 

𝐴𝑓𝑙𝑎𝑠ℎ =
𝑄𝐺

𝑈𝑇
 (5.12) 

𝐷𝑓𝑙𝑎𝑠ℎ = √
4𝐴𝑓𝑙𝑎𝑠ℎ

𝜋
 (5.13) 

Then, based on the flash drum pressure, the appropriate height to diameter ratios of the 

flash drum provided in Table 5.6 can be calculated. 

 

Table 5.6: Height to diameter ratio of flash drums at different pressures [64] 

Pressure (bar) H/D 

<10 2 – 3 

~20 3 – 4 

~40 4 

>80 5+ 

 

(3) Third method: it is based on the method outlined by Rodwell and Riazi [64], which 

requires the knowledge of liquid holdup time (tH) and surge time (tS). The liquid holdup time is the 

time at which the liquid level inside the flash drum increases from a normal operation level to a 

high level. The surge time is the time required for the liquid level in the flash drum to fall to a low 

level from the normal operation level. The surge time is usually set as 25% of the holdup time 

[64]. Typical holdup times and calculated surge times are given in Table 5.7. Figure 5.3 shows a 

schematic of a flash drum. 
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Table 5.7: Typical holdup times and claculted surge times of flash drums [64] 

Equipment in process unit Holdup time (minutes) Calculated Surge time (minutes) 

Feed to another column 5 1.25 

Feed to series of distillation columns 10 2.50 

Liquid knockout drums 5 1.25 

Refrigerant and reboilers 2 0.50 

 

 
Figure 5.3: Schematic of a flash drum 

 

The total volume covered by the holdup and surge times (VH + VS) is set to 40% of the flash 

drum volume. VH and VS are calculated using the liquid flow rate as. 

𝑉𝐻 = 𝑡𝐻𝑄𝐿 (5.14) 

𝑉𝑆 = 𝑡𝑠𝑄𝐿 (5.15) 

Once the holdup and surge volumes are determined, the cross-sectional area and inside 

diameter of the flash drum are calculated using Equations (5.16) and (5.17), respectively. 

𝑉𝐻 + 𝑉𝑆 = 0.4 (𝐴𝑓𝑙𝑎𝑠ℎ𝐻) (5.16) 



43 

𝐷𝑓𝑙𝑎𝑠ℎ =  (
10(𝑉𝐻 + 𝑉𝑆)

𝜋(𝐻 𝐷⁄ )
)

1/3

 (5.17) 

Therefore, knowing the (H/D) value at a given pressure from Table 5.6, the diameter of the 

flash drum can be calculated using Equation (5.17). Then, the height is calculated from the ratio 

(H/D). To satisfy both the maximum gas velocity and minimum liquid holdup and surge times, the 

method that produces the larger diameter is used. The CAPEX of the flash drums was obtained 

using Equation (5.3), which is the same as that used for the absorber column cost estimates.  

5.2.1.3 Total Capital Expenditure of Equipment 

Table 5.8 compiles the equations to calculate the total CAPEX of the equipment used, 

including heat exchangers, compressors, pumps and the gas expander [117, 119, 120]. The 

installation factors for equipment are given in Table 5.9. 
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Table 5.8: Calculation of the total CAPEX of equipment [117, 119, 120] 

Equipment Equation Comments 

Heat 

Exchanger 

𝑄̇ = 𝑚̇𝑐𝑃∆𝑇 

𝐴𝐻𝑇 =
𝑄̇

𝑈𝐻𝑇 ∙ 𝐿𝑀𝑇𝐷
 

 

LMTD: Log mean temperature difference 

 

𝐿𝑀𝑇𝐷 =
(𝑇𝐻𝑖𝑛 − 𝑇𝐶𝑜𝑢𝑡) − (𝑇𝐻𝑜𝑢𝑡 − 𝑇𝐶𝑖𝑛)

ln (
𝑇𝐻𝑖𝑛 − 𝑇𝐶𝑜𝑢𝑡

𝑇𝐻𝑜𝑢𝑡 − 𝑇𝐶𝑖𝑛)
)

 

 
1

𝑈𝐻𝑇

=
1

ℎ𝐶

+
𝑡𝑤

𝑘𝑡ℎ

+
1

ℎ𝐻

 

 

𝐶𝐴𝑃𝐸𝑋2017 = 1000(0.4587𝐴𝐻𝑇
0.67)(𝑓𝑝𝑟𝑒𝑠)(𝑓𝑚𝑎𝑡) 

𝑚̇ is the mass flow rate in kg/s 

cp is the specific heat capacity in J/kg.K 

ΔT is the temperature difference in K 

UHT is the overall heat transfer coefficient 

in J/m2
.K.s 

AHT needs to be in ft2 to calculate the cost 

CAPEX2017 

fpres is 1.06, 1.26, and 1.44 for pressures 

200, 600, and 1000 psig respectively 

fmat is 1 for carbon steel, and 1.4 for 

stainless steel 

Compressors 
𝑊 =

𝑚̇(ℎ𝑜𝑢𝑡 − ℎ𝑖𝑛)

𝜂
 

 

𝐶𝐴𝑃𝐸𝑋2006 = (8400 + 3100𝑊0.6)(𝑓𝑚𝑎𝑡) 

W is power in kW 

𝑚̇ is the mass flow rate in kg/s 

h is the specific enthalpy in kJ/kg 

fmat is 1 for carbon steel and 1.3 for 

stainless steel 

η is the efficiency set to 72% 

Pumps 

𝑊 =
𝑄𝐿∆𝑃

𝜂
 

ℎ𝑑 =
𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛

𝜌𝑔
 

𝐶𝐴𝑃𝐸𝑋2017 = 1000 [0.683 (
𝑄𝐿 × ℎ𝑑

1000
)

0.62

] (𝑓𝑚𝑎𝑡) 

hd is the developed head in ft 

QL is the solvent flow rate in gal/min 

fmat is 1 for carbon steel and 1.8 for 

stainless steel 

η is the efficiency set to 86% 

Gas Expander 

𝑊 = 𝑚̇(ℎ𝑜𝑢𝑡 − ℎ𝑖𝑛) 

 

log10 𝐶𝐴𝑃𝐸𝑋2002 = (0.602 log10 𝑊 + 3.49) + log10 𝑓𝑚𝑎𝑡 

W is power in kW 

𝑚̇ is the mass flow rate in kg/s 

h is the specific enthalpy in kJ/kg 

fmat is 1 for carbon steel and 2 for 

stainless steel 

 

Table 5.9. Installation factor for equipment [119] 

Unit Installation factor 

Compressors 2.5 

Heat exchangers 3.5 

Pumps 4.0 

Pressure vessels 4.0 

Distillation columns 4.0 
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5.2.1.4 Solvent and Packing Costs 

The initial cost of solvent used is estimated using Equation (5.18). 

𝐶𝐴𝑃𝐸𝑋2020 = 𝐶𝐴𝑃𝐸𝑋𝑠𝑜𝑙𝑣 × (0.15𝑉𝑎𝑏𝑠 + 0.3𝑉𝑓𝑙𝑎𝑠ℎ) (5.18) 

where CAPEXsolv is the solvent cost in $/L and Vabs and Vflash are the volumes of the absorber and 

flash drums in L, respectively. 

5.2.1.5 Cost Adjustment 

The costs calculated in previous years are adjusted to the present-day value, since the value 

of money could be affected by inflation and other unpredictable factors. This adjustment was made 

using the Chemical Engineering Plant Cost Index (CEPI) as in Equation (5.19). Table 5.10 gives 

the CEPI values since the year 2002. 

𝐶𝐴𝑃𝐸𝑋2020 = 𝐶𝐴𝑃𝐸𝑋𝑦𝑒𝑎𝑟 (
𝐶𝐸𝑃𝐼2020

𝐶𝐸𝑃𝐼𝑦𝑒𝑎𝑟
) (5.19) 

 

Table 5.10. CEPI for different years [117, 119-121] 

Year CEPI 

2002 390.4 

2006 478.6 

2012 584.6 

2017 570 

2020 593.6 

5.2.2 Operating Expenditure 

The OPEX includes the power required to operate the equipment and making up any 

solvent losses in the process. In addition, the annual maintenance cost is assumed to be 4% of the 

total CAPEX. 
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5.2.2.1 Power Required for Each Equipment 

To calculate the power required for each equipment, an energy balance was applied on a 

control volume containing the equipment as given in Equation (5.20): 

𝑄̇ + 𝑊 = 𝑚̇∆ℎ (5.20) 

where 𝑄̇ is the heat provided to the control volume, W is the work done on the control volume, 𝑚̇ 

is the mass flow rate, and Δh is the change in specific enthalpy of the system.  

5.2.2.2 Cost of the Chiller 

In addition, for heat exchangers, a chiller was sometimes required to cool the solvent to 

temperatures below ambient temperatures. Based on the CO2 capture process, the cost of a chiller 

was calculated knowing the energy required to reduce the coolant temperature using Equation 

(5.21). 

𝑊 =
2𝑄̇

𝐶𝑂𝑃
 (5.21) 

where 𝑄̇ is the heat transferred from the fluid to the coolant, COP is the coefficient of performance 

of the refrigeration cycle and the safety factor, 2, is to account for the chiller efficiency. 

The COP is defined by Equation (5.22) as: 

𝐶𝑂𝑃 ≤
𝑇𝐶𝑖𝑛

𝑇𝑎𝑚𝑏 − 𝑇𝐶𝑖𝑛
 (5.22) 

where TCin is the required cooling temperature and Tamb is the ambient temperature, which was 

assumed to be 298.15 K [122]. 
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5.2.2.3 Cost of Solvent Make-Up  

The cost of the solvent make-up is calculated by finding the difference between the volume 

of solvent required for CO2 absorption and the recycled volume. This difference is then multiplied 

by the cost of the solvent in $/L to obtain the solvent make-up cost. 

𝑂𝑃𝐸𝑋𝑠𝑜𝑙𝑣2020 = 𝐶𝐴𝑃𝐸𝑋𝑠𝑜𝑙𝑣 ( 𝑄𝐿𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 − 𝑄𝐿𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑)    (5.23) 

The total OPEX is then calculated by multiplying the total power required by the cost ($50 

per MWh) and adding the cost of make-up solvent and the annual maintenance and operating cost.  

𝑂𝑃𝐸𝑋2020 = (𝐶𝑝𝑜𝑤𝑒𝑟 ∑ 𝑊) +  𝑂𝑃𝐸𝑋𝑠𝑜𝑙𝑣2020 + 0.04𝐶𝐴𝑃𝐸𝑋2020 (5.24) 

5.2.3 Levelized Cost of CO2 Captured 

The levelized cost of CO2 captured (LCOC), including the total capital and operating costs 

per ton of CO2 captured, was used to provide a fair quantification of the CO2 capture process [100]. 

LCOC was also dependent on other factors, such as plant lifetime (N = 30 years), discount rate (i 

= 10%/year), capacity factor (fc = 0.8), and the capital recovery factor (fCR). The capital recovery 

factor can be calculated using Equation (5.25). The LCOC was computed using Equation (5.26). 

𝑓𝐶𝑅 =
𝑖(1 + 𝑖)𝑁

(1 + 𝑖)𝑁 − 1
 (5.25) 

The LCOC is calculated using Equation (5.26) as: 

𝐿𝐶𝑂𝐶 =
𝑓𝐶𝑅 ∑ 𝐶𝐴𝑃𝐸𝑋2020

𝑓𝑐 × 𝑚̇𝐶𝑂2
+

∑ 𝑂𝑃𝐸𝑋2020

𝑚̇𝐶𝑂2
 (5.26) 

where 𝑚̇𝐶𝑂2 is the CO2 captured in ton/year. 
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6.0 Fuel Gas Species and Solvents Investigated 

The fuel gas species used in this study and their critical properties are given in Table 6.1. 

The gas enters the absorber at a temperature of 308.15 K and a pressure 51.4 bar. 

 

Table 6.1: Composition and properties of the fuel gas used [108] 

Component Mol% Mwt (kg/kmol) Tc (K) Pc (bar) 

CO2 40.7829 44.0 304.2 73.8 

H2 56.8223 2.0 33.2 13.0 

CH4 0.0906 16.0 190.8 46.4 

CO 0.815 28.0 133.2 35.0 

Ar 0.7144 39.9 151.2 48.7 

H2O 0.1208 18.0 647.1 220.6 

N2 0.654 28.0 126.2 33.9 

H2S 0.000 34.1 373.4 89.7 

 

35 different solvents were investigated and categorized in Table 6.2. The structures of these 

solvents are given in Table 6.3. These solvents cover a wide range of functional groups and a wide 

range of cost, molecular weights, and critical properties as shown in Table 6.4. 

All solvents listed in Table 6.2, except NMP, PC, methanol, and THF, were used in the 

CO2 capture process schematically shown in Figure 5.1. NMP, PC, methanol, and THF were used 

in the process schematically shown in Figure 5.2. 
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Table 6.2: Investigated solvents in their respective categories 

Category Solvent Name 

Ionic Liquids (ILs) 

[aPy][Tf₂N] Allyl-pyridinium bis(trifluorosulfonyl)imide 

[bmim][BF₄] 1-Butyl-3-methylimidazolium tetrafluoroborate 

[bmim][MeSO₄] 1-Butyl-3-methylimidazolium methylsulfate 

[bmim][PF₆] 1-Butyl-3-methylimidazolium hexafluorophosphate 

[bmim][Tf₂N] 1-Butyl-3-methylimidazolium bis(trifluorosulfonyl)imide 

[bmPyr][Tf₂N] 1-Butyl-1-methylpyrrolidinium bis(trifluorosulfonyl)imide 

[emim][BF₄] 1-Ethyl-3-methylimidazolium tetrafluoroborate 

[emim][Tf₂N] 1-Ethyl-3-methylimidazolium bis(trifluorosulfonyl)imide 

[hmim][(C₂F₅)₃PF₃] 
1-Hexyl-3-methylimidazolium tris(pentafluoroethyl) 

trifluorophosphate 

[hmim][Tf₂N] 1-Hexyl-3-methylimidazolium bis(trifluorosulfonyl)imide 

[omim][Tf₂N] 1-Octyl-3-methylimidazolium bis(trifluorosulfonyl)imide 

Hydrocarbons (HCs) 

1-Heptene 1-Heptene 

1-Octene 1-Octene 

n-Decane n-Decane 

n-Octane n-Octane 

n-Tetradecane n-Tetradecane 

Oxygenated-Hydrocarbons 

(OHCs) 

1-Hexanol 1-Hexanol 

1-Nonanal 1-Nonanal 

1-Octanol 1-Octanol 

DES Diethyl sebacate 

NBAc n-Butyl acetate 

NPAc n-Propyl acetate 

TBP Tributyl phosphate 

Nitrogenized-Hydrocarbons 

(NHCs) 

DMF n,n-Dimethyl formamide 

PN Propionitrile 

Cyclic-Hydrocarbons 

(CycHCs) 

cis-Decalin cis-Decalin 

Cyclohexanone Cyclohexanone 

MNPh 1-methylnaphthalene 

NMP n-Methyl-2-pyrrolidone 

PC Propylene carbonate 

Polymers 

PEGDME Polyethylene glycol dimethyl ether 

PEGPDMS-1 Polyethylene glycol polydimethyl siloxane-1 

PEGPDMS-3 Polyethylene glycol polydimethyl siloxane-2 

Subcooled 
Methanol Methanol 

THF Tetrahydrofuran 

 



50 

Table 6.3: Structures of the solvents used 

Category Solvent Structure 

ILs 

[aPy][Tf₂N] 

 

[bmim][BF₄] 

 

[bmim][MeSO₄] 

 

[bmim][PF₆] 
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Table 6.3 continued. 

Category Solvent Structure 

ILs 

[bmim][Tf₂N] 

 

[bmPyr][Tf₂N] 

 

[emim][BF₄] 

 

[emim][Tf₂N] 
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Table 6.3 continued. 

Category Solvent Structure 

ILs 

[hmim][(C₂F₅)₃PF₃] 

 

[hmim][Tf₂N] 

 

[omim][Tf₂N] 
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Table 6.3 continued. 

Category Solvent Structure 

HCs 

1-Heptene 
 

1-Octene 
 

n-Decane 
 

n-Octane 
 

n-Tetradecane 
 

 OHCs 

1-Hexanol  

1-Nonanal 
 

1-Octanol  

DES 

 

NBAc 

 

NPAc 

 

TBP 
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Table 6.3 continued. 

Category Solvent Structure 

NHCs 
DMF 

 

PN 
 

CycHCs 

cis-Decalin 

 

Cyclohexanone 
 

MNPh 

 

NMP 

 

PC 
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Table 6.3 continued. 

Category Solvent Structure 

Polymers 

PEGDME 
 

PEGPDMS-1 

 

PEGPDMS-3 

 

Subcooled 
Methanol  

THF 
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Table 6.4: Costs, molecular weights, and critical properties of the solvents used 

Category Solvent CAPEXsolv ($/L) MWt (kg/kmol) Tc (K) Pc (bar) 

ILs 

[aPy][Tf₂N]* 40.00 401.33 1297.48 30.89 

[bmim][BF₄]* 18.11 226.02 643.18 20.38 

[bmim][MeSO₄]* 18.14 250.32 1081.64 36.10 

[bmim][PF₆]* 14.65 284.18 719.39 17.28 

[bmim][Tf₂N]* 14.37 419.38 1269.93 27.65 

[bmPyr][Tf₂N]* 32.17 422.42 1209.16 24.84 

[emim][BF₄]* 17.34 197.98 596.23 23.59 

[emim][Tf₂N]* 30.38 391.32 1249.31 32.65 

[hmim][(C₂F₅)₃PF₃]* 34.16 612.30 861.54 8.87 

[hmim][Tf₂N]* 41.50 448.43 815.00 16.11 

[omim][Tf₂N]* 26.44 475.48 1317.82 20.98 

HCs 

1-Heptene 1.39 98.19 537.47 28.52 

1-Octene 2.13 112.22 566.58 26.76 

n-Decane 0.73 142.29 618.05 21.04 

n-Octane 0.70 114.23 568.78 24.86 

n-Tetradecane 0.76 198.39 692.49 15.67 

OHCs 

1-Hexanol 0.82 102.18 610.40 34.13 

1-Nonanal 6.62 142.24 658.50 26.81 

1-Octanol 0.82 130.23 651.33 28.19 

DES 0.96 258.36 731.00 15.35 

NBAc 0.88 116.16 575.44 31.61 

NPAc 0.88 102.13 549.69 33.95 

TBP 1.96 266.32 751.00 15.09 

NHCs 
DMF 0.76 73.10 649.60 44.09 

PN 0.78 55.08 561.26 42.60 

CycHCs 

cis-Decalin 0.45 138.25 702.22 30.43 

Cyclohexanone 0.94 98.15 664.90 44.40 

MNPh 1.02 142.20 770.72 35.40 

NMP 2.00 99.13 721.74 45.32 

PC 0.60 102.09 762.70 40.85 

Polymers 

PEGDME 4.00 280.00 605.00 51.86 

PEGPDMS-1^ 4.00 426.77 713.77 9.44 

PEGPDMS-3^ 4.00 617.01 497.72 6.89 

Subcooled 
Methanol 0.18 32.04 512.68 80.65 

THF 0.62 72.11 539.99 52.80 

*Critical properties predicted using group contribution by Valderrama and Rojas [123] 

^ Critical properties predicted using group contribution by Lydersen [124] 
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6.1 Properties of the Solvents Used 

6.1.1 Density and Vapor Pressure 

The parameters of the PC-SAFT EOS for the pure solvents used, given in Table 6.5, were 

regressed using the corresponding density and vapor pressure experimental data available in the 

literature. The average absolute relative error (ARRE), defined by Equation (6.1), is presented in 

the table. As can be seen in this table, the PC-SAFT EOS is able to predict the density of the pure 

solvents with AARE values ranging from 0.010 to 0.455%. 

𝐴𝐴𝑅𝐸 =
1

𝑁
∑ |

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑉𝑎𝑙𝑢𝑒𝑖 − 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒𝑖

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒𝑖
| × 100%

𝑁

𝑖=1

 (6.1) 
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Table 6.5: PC-SAFT parameters of the solvents investigated 

Category Solvent m σ ϵ/kB (K) κAB (×104) ϵAB/kB (K) Temperature range (K) Density AARE (%) Experimental data references 

ILs 

[aPy][Tf₂N] 4.306 4.552 367.249 900 4,800 293.15 – 328.15 0.01 [100] 

[bmim][BF₄] 3.594 4.394 523.717 127.27 5,000 293.15 – 353.15 0.039 [125] 

[bmim][MeSO₄] 2.751 4.974 591.083 3,634.73 5,000 283.15 – 333.15 0.106 [126-128] 

[bmim][PF₆] 3.411 4.614 503.833 70.07 6,000 283.15 – 353.15 0.021 [125, 129] 

[bmim][Tf₂N] 4.195 4.745 375.589 2,995.84 7,000 273.15 – 363.15 0.054 [130] 

[bmPyr][Tf₂N] 4.515 4.675 361.696 3,000 7,000 283.15 – 393.15 0.173 [131-133] 

[emim][BF₄] 4.237 3.915 530.741 482.87 4,259.41 278.15 – 343.15 0.243 [134-137] 

[emim][Tf₂N] 2.235 5.133 549.789 30 2,006.32 278.15 – 391.29 0.084 [138, 139] 

[hmim][(C₂F₅)₃PF₃] 7.207 4.379 342.579 3,000 5,000 267.25 – 359.73 0.048 [140-142] 

[hmim][Tf₂N] 3.114 5.526 508.025 1,000 5,000 258.15 – 373.15 0.148 [143-146] 

[omim][Tf₂N] 5.192 4.65 280.667 2,000 7,500 273.15 – 473.15 0.145 [147-149] 

HCs 

1-Heptene 3.298 3.814 243.197 0 0 173.16 – 360.03 0.261 [150-154] 

1-Octene 3.663 3.838 246.024 0 0 173.16 – 511.41 0.3 [152, 155-158] 

n-Decane 4.58 3.854 246.42 0 0 273.15 – 333.12 0.136 [159-165] 

n-Octane 4.245 3.66 178.131 10,000 1,400 273.15 – 343.12 0.021 [166-168] 

n-Tetradecane 7.782 3.552 218.423 0 0 273.15 – 333.13 0.137 [169-174] 

OHCs 

1-Hexanol 3.168 3.806 255.37 97.8 2,800 273.15 – 358.15 0.059 [172, 175-184] 

1-Nonanal 5.406 3.498 239.727 0 0 288.15 – 318.15 0.455 [185-189] 

1-Octanol 4.246 3.732 243.169 100 2,950 273.15 – 333.15 0.115 [190-197] 

DES 8.865 3.482 223.678 1,500 2,400 291.44 – 358.92 0.017  

NBAc 3.438 3.735 244.647 2,588.22 32.41 273.15 – 393.15 0.169 [198-204] 

NPAc 3.088 3.696 237.773 1.86 1,816.97 273.10 – 503.16 0.308 [205-209] 

TBP 5.927 4.034 258.823 1,500 1,500 288.04 – 357.20 0.066 [210-215] 

NHCs 
DMF 2.91 3.333 320.599 0.68 1,843.59 263.15 – 333.15 0.069 [216-223] 

PN 1.601 3.767 160.175 900 3,000 273.15 – 368.17 0.166 [224-227] 
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Table 6.5 continued. 

Category Solvent m σ ϵ/kB (K) κAB (×104) ϵAB/kB (K) Temperature range (K) Density AARE (%) Experimental data references 

CycHCs 

cis-Decalin 3.138 4.102 321.945 0 0 273.15 – 388.13 0.096 [169, 228-233] 

Cyclohexanone 2.442 3.907 350.276 0 0 281.35 – 364.62 0.159 [234-238] 

MNPh 3.176 3.986 359.921 0 0 273.15 – 473.15 0.373 [239-243] 

NMP 4.055 3.195 231.67 19,616.21 1,445.05 275.15 – 373.15 0.199 [244-254] 

PC 4.002 3.091 240.009 24,945.4 1,768.62 273.00 – 392.97 0.083 [255-260] 

Polymers 

PEGDME* 11.605 3.095 169.758 2,254.60 2,500 273.00 – 392.97 0.083 [38] 

PEGPDMS-1 40.606 2.482 199.17 0 0 293.15 – 323.15 0.012 [100] 

PEGPDMS-3 42.069 2.76 231.078 0 0 288.15 – 353.15 0.072 [261] 

Subcooled 
Methanol 2.244 2.842 182.561 652.89 2,580.08 203.15 – 340.00 0.22 [262-285] 

THF 2.162 3.689 289.256 0 0 213.20 – 323.15 0.237 [286-292] 

*Field and Brasington [38] is based on Aspen Plus simulations. 

 



60 

6.1.2 Viscosity 

The viscosities of the solvents used were modeled as a function of temperature using the 

experimental data found in the literature. Equation (6.2) shows the general form in which the 

viscosity is calculated, while the constants a through e for each solvent are given in Table 6.6 along 

with the AARE and temperature range. As can be seen in the table, the viscosity can be calculated 

with low AARE values ranging from 0.10 to 8.12%. 

ln 𝜇𝐿 = 𝑎 +
𝑏

𝑇
+ 𝑐 ln 𝑇 + 𝑑 𝑇𝑒 

(6.2) 
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Table 6.6: Constants for Equation (6.2) to calculate the solvent viscosity 

Category Solvent a b c d e 
Temperature range 

(K) 

Viscosity AARE 

(%) 

Experimental data 

references 

ILs 

[aPy][Tf₂N] 5.28 0 0 -0.0297 1 293.15 – 323.15 1.4 [100] 

[bmim][BF₄] -142.7 10,000 18.76 0 0 293.15 – 353.15 4.94 [125, 293] 

[bmim][MeSO₄] -168.3 11,544 22.45 0 0 283.15 – 333.15 8.12 [294-296] 

[bmim][PF₆] -130.7 10,000 16.83 0 0 283.15 – 363.15 2.84 [125, 297] 

[bmim][Tf₂N] -194.8 11,851 26.69 0 0 273.15 – 353.15 0.647 [130] 

[bmPyr][Tf₂N] -196.1 12,165 26.8 0 0 273.15 – 363.15 1.8 [133, 298] 

[emim][BF₄] -146.1 9,217 19.64 0 0 278.15 – 343.15 4.13 [134, 135, 137] 

[emim][Tf₂N] -49.29 4,492.2 5.411 0 0 293.39 – 388.19 1.93 [139] 

[hmim][(C₂F₅)₃PF₃] -183.8 11,965 24.79 0 0 293.15 – 343.15 0.305 [141] 

[hmim][Tf₂N] -213 13,009 29.27 0 0 286.15 – 370.15 4.46 [145] 

[omim][Tf₂N] -145.7 10,000 19.27 0 0 278.00 – 358.00 2.72 [147, 299] 

HCs 

1-Heptene -10.943 900.64 0 0 0 298.15 – 360.03 0.308 [154] 

1-Octene -10.871 963.85 0 0 0 283.10 – 386.52 1.44 [158, 300] 

n-Decane -11.503 1,320.1 0 0 0 273.15 – 333.12 0.978 [159, 160, 301, 302] 

n-Octane -11.225 1,084.8 0 0 0 273.38 – 395.20 0.588 [303] 

n-Tetradecane -12.358 1,844.1 0 0 0 283.10 – 335.13 1.83 [171, 304-306] 

OHCs 

1-Hexanol -14.509 2,718.2 0 0 0 278.15 – 348.13 1.05 [307-309] 

1-Nonanal -9.935 1,001.4 0 0 0 298.15 – 318.15 0.1 [185] 

1-Octanol -14.209 2,775.4 0 0 0 283.15 – 460.15 4.24 [310-314] 

DES -12.305 2,091.5 0 0 0 292.88 – 359.05 1.21  

NBAc -11.593 1,277.4 0 0 0 293.15 – 343.15 0.879 [315-317] 

NPAc -11.325 1,137 0 0 0 273.10 – 373.07 0.606 [318, 319] 

TBP -12.16 1,925.2 0 0 0 288.15 – 359.05 1.83 [211, 212, 320, 321] 
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Table 6.6 continued. 

Category Solvent a b c d e Temperature range (K) Viscosity AARE (%) Experimental data references 

NHCs 
DMF -10.788 1,101.6 0 0 0 263.15 – 353.15 1.84 [223, 322-324] 

PN -6.0032 758.72 -0.7604 0 0 293.14 – 353.12 1.12 [227, 325] 

CycHCs 

cis-Decalin -11.921 1,823.8 0 0 0 273.15 – 372.02 1.13 [169, 229, 232, 233] 

Cyclohexanone -12.61 1,913.7 0 0 0 253.00 – 322.99 1.8 [326, 327] 

MNPh 41.329 -2,345 -7.24 2.56×1010 -4.09 273.15 – 473.15 0.767 [239, 328, 329] 

NMP -11.279 1,457 0 0 0 288.15 – 323.15 1.69 [250, 330-332] 

PC -11.202 1,551.3 0 0 0 273.00 – 392.97 1.87 [256, 257, 260, 333] 

Polymers 

PEGDME -43.324 6,708.3 13.95 -55.31 0.0047 253.91 – 420.48 2.82 [38, 334, 335] 

PEGPDMS-1 14.916 941.77 -4.106 0 0 293.15 – 323.15 3.55 [100] 

PEGPDMS-3 -12.376 2,381.3 0 0 0 288.16 – 323.11 1.23 [261] 

Subcooled 
Methanol -25.317 1,789.2 2.069 0 0 203.15 – 340.00 3.15 [267, 336-346] 

THF -13.705 1,005.2 0.4695 0 0 203.20 – 332.98 1.29 [256, 286, 292] 
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6.1.3 Surface Tension 

The surface tensions of the solvents used were modelled using the Equation (6.3), which 

is a function of the operating temperature and the solvents critical temperature given in Table 6.7. 

Experimental data from the literature were used to determine the values of the constants a and b. 

Table 6.7 shows the values of these constants along with the AARE. As can be seen, the surface 

tension can be calculated with an AARE ranging from 0.0438 to 2.66%. 

𝜎𝐿 = 𝑎 (1 −
𝑇

𝑇𝑐
)

𝑏

 
(6.3) 
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Table 6.7: Constants for Equation (6.3) to calculate the solvent surface tension 

Category Solvent a b Temperature range (K) Surface Tension AARE (%) Experimental data references 

ILs 

[aPy][Tf₂N] 0.051 1.422 298.15 – 353.15 0.33 [100] 

[bmim][BF₄] 0.0627 0.5521 293.15 – 323.15 0.121 [347] 

[bmim][MeSO₄] 0.0802 1.81 283.00 – 368.10 1.25 [295, 348] 

[bmim][PF₆] 0.0657 0.6089 298.00 – 393.00 0.178 [349] 

[bmim][Tf₂N] 0.048 1.4 278.75 – 351.56 0.474 [138, 350-352] 

[bmPyr][Tf₂N] 0.0468 1.204 288.15 – 323.15 0.0476 [353] 

[emim][BF₄] 0.0603 0.2567 278.15 – 338.15 0.113 [354] 

[emim][Tf₂N] 0.0562 1.641 278.75 – 328.15 0.346 [138] 

[hmim][(C₂F₅)₃PF₃] 0.0501 1.087 267.03 – 360.23 0.225 [142] 

[hmim][Tf₂N] 0.0502 1.77 283.17 – 348.15 1.25 [155, 350, 352, 355] 

[omim][Tf₂N] 0.0505 2.011 283.15 – 512.60 2.21 [149, 356] 

HCs 

1-Heptene 0.0527 1.207 273.15 – 353.12 0.295 [357, 358] 

1-Octene 0.0538 1.242 273.15 – 373.12 0.721 [155, 357, 358] 

n-Decane 0.0506 1.027 273.15 – 333.15 0.712 [359-361] 

n-Octane 0.0502 1.152 273.00 – 359.12 1.09 [362-369] 

n-Tetradecane 0.0509 0.8924 273.15 – 333.12 0.135 [359] 

OHCs 

1-Hexanol 0.0462 0.8924 278.15 – 408.13 2.18 [308, 370, 371] 

1-Nonanal* 0.0620 1.222    

1-Octanol 0.0478 0.9722 273.15 – 503.16 2.66 [372-375] 

DES 0.0643 1.314 293.24 – 360.22 0.053  

NBAc 0.0571 1.157 293.14 – 359.52 0.864 [376, 377] 

NPAc 0.0596 1.194 273.25 – 333.22 1.91 [378-380] 

TBP 0.0496 1.171 288.15 – 359.05 0.0438 [381] 
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Table 6.7 continued. 

Category Solvent a b Temperature range (K) Surface Tension AARE (%) Experimental data references 

NHCs 
DMF 0.079 1.303 277.85 – 327.89 1.48 [219, 374, 382] 

PN 0.06 1.089 273.15 – 353.15 0.0494 [383] 

CycHCs 

cis-Decalin 0.0646 1.292 243.07 – 453.14 0.993 [384] 

Cyclohexanone 0.0721 1.258 288.14 – 353.13 0.415 [385, 386] 

MNPh 0.0673 1.188 291.44 – 360.32 0.077 [387] 

NMP 0.0724 1.062 277.84 – 337.88 2.15 [219, 330, 388] 

PC 0.085 1.466 276.67 – 540.37 1.37 [389-391] 

Polymers 

PEGDME^ 0.085 1.466 276.67 – 540.37 1.37 [38] 

PEGPDMS-1 0.0408 1.152 293.15 – 343.15 0.297 [100] 

PEGPDMS-3 0.061 1.12 298.15 0.37 [392] 

Subcooled 
Methanol 0.0434 0.7738 198.10 – 353.13 1.39 [269, 385, 393-398] 

THF 0.0696 1.184 288.15 – 353.13 0.808 [385, 399-401] 

*Brock-Bird Group Contribution method used [402]. 

^Field and Brasington [38] is based on Aspen Plus simulations. 
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6.1.4 Carbon Dioxide Solubility 

To accurately predict the solubility of CO2 in each solvent, the PC-SAFT EOS was used 

for the VLE calculations. Table 6.8 shows the constants of Equation (A.17) used to calculate the 

binary interaction parameters, kij, of CO2 and the solvent. The AARE values of CO2 solubilities 

are also given in the table and as can be seen, the PC-SAFT EOS can predict the solubility of CO2 

in the solvents used up to a CO2 partial pressure of 60 bar with the highest AARE of 24.81% for 

CO2-1-octanol system. The AARE values of the other CO2-solvent systems are lower than that 

value varying from 2.71 to 16.19%.  
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Table 6.8: Constants used to calculate binary interaction parameter of CO2 with solvents 

Category Solvent aij bij cij dij eij Temperature range (K) AARE (%) Experimental data references 

ILs 

[aPy][Tf₂N] 0.16 0 0 0 0 298.15 – 313.15 8.19 [100] 

[bmim][BF₄] 0.13 0 0 0 0 283.15 – 323.15 13.46 [403] 

[bmim][MeSO₄] 0.247 0 0 0 0 293.20 – 353.10 2.71 [404] 

[bmim][PF₆] 0.165 0 0 0 0 283.15 – 323.15 5.37 [403] 

[bmim][Tf₂N] -0.156 0 0 0.677 -0.296 283.15 – 323.15 12 [403] 

[bmPyr][Tf₂N] -0.0223 0 0 0.305 -0.111 293.10 – 413.20 6.64 [132] 

[emim][BF₄] 0.545 0 0 -0.858 0.364 298.15 – 353.15 9.12 [405, 406] 

[emim][Tf₂N] 0.139 0 0 -0.162 0.114 295.10 – 323.70 12.27 [407] 

[hmim][(C₂F₅)₃PF₃] 0.11 0 0 0 0 298.15 – 333.13 14.34 [408] 

[hmim][Tf₂N] 0.26 0 0 0 0 293.15 – 373.15 4.13 [143] 

[omim][Tf₂N] 0.0718 0 0 0.239 -0.159 303.15 – 353.15 10.94 [409, 410] 

HCs 

1-Heptene -0.644 0 0 1.316 -0.556 303.14 – 343.13 8.74 [411] 

1-Octene 0.135 0 0 0 0 313.15 – 353.15 4.27 [412] 

n-Decane 0.481 0 0 -0.605 0.285 277.59 – 323.20 7.75 [413-415] 

n-Octane 0.09 0 0 0 0 298.20 – 333.20 12.47 [416-421] 

n-Tetradecane 8.474 -12.624 -20.8 0.313 3.961 290.00 – 323.20 3.03 [422, 423] 

OHCs 

1-Hexanol 0.135 0 0 0 0 293.15 – 313.15 12.54 [424] 

1-Nonanal 0.0017 0 0 0.0745 0 313.15 – 333.15 7.71 [412, 425] 

1-Octanol 0.137 0 0 0 0 308.15 – 348.15 24.81 [426-429] 

DES -0.0494 0 0 0.0994 0 292.88 – 359.05 3.96  

NBAc 0.03 0 0 0 0 213.20 – 353.20 16.19 [430] 

NPAc -0.07 0 0 0 0 303.15 – 323.15 9.37 [431] 

TBP 0.1 0 0 0 0 298.15 7.21 [432] 
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Table 6.8 continued. 

Category Solvent aij bij cij dij eij Temperature range (K) AARE (%) Experimental data references 

NHCs 
DMF 0.04 0 0 0 0 293.95 – 338.05 9.88 [433, 434] 

PN 0.005 0 0 0 0 298.15 7.68 [432] 

CycHCs 

cis-Decalin 0.22 0 0 0 0 292.75 – 352.95 14.8 [435] 

Cyclohexanone -0.372 0 0 1.0375 -0.561 298.15 – 313.15 5.62 [436-438] 

MNPh 0.178 0 0 0 0 308.19 – 328.19 8.71 [439] 

NMP -12.534 -4.224 -16.85 20.772 -3.997 273.10 – 313.19 12 [440-444] 

PC -0.164 0 0 0.408 -0.2334 273.10 – 327.66 5.24 [445-448] 

Polymers 

PEGDME 0.219 -0.171 0 0 0 298.15 – 333.15 5.27 [38] 

PEGPDMS-1 -0.03 0 0 0 0 298.15 – 313.15 8.46 [100] 

PEGPDMS-3 0.0794 0 0 -0.0994 0 298.15 – 313.15 6.12 [261] 

Subcooled 
Methanol 0 0.0099 0.0044 0 0 213.15 – 273.15 3.43 [449-453] 

THF 0.0018 0.0195 0.212 0.00204 0.0019 298.15 – 333.00 3.59 [442, 454, 455] 
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6.1.5 Hydrogen Solubility 

The solubility of H2 in each solvent used was determined using the PC-SAFT EOS. The 

constants of Equation (A.17) used to calculate the binary interaction parameter between H2 and 

the solvents are given in Table 6.9 along with the AARE values. As can be seen, the AARE values 

for the majority of H2-solvent used are low ranging from 0.23 to 18.3%. [aPy][Tf2N] showed a 

higher AARE than the other solvents at 51.85% due to the large deviations in the data. 
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Table 6.9: Constants used to calculate binary interaction parameter of H2 with solvents 

Category Solvent aij bij cij dij eij Temperature range (K) AARE (%) Experimental data references 

ILs 

[aPy][Tf₂N] 3.649 0 0 -3.379 0 298.15 – 313.15 51.85 [100] 

[bmim][BF₄] -1.029 0 0 -0.0175 0.2878 314.09 – 342.75 2.12 [456] 

[bmim][MeSO₄] -1.5064 0 0 1.7336 -0.5556 293.30 – 413.15 1.26 [457] 

[bmim][PF₆] -2.2938 0 0 2.8559 -1.1112 313.05 – 353.10 0.554 [458] 

[bmim][Tf₂N] 0.73272 0.15517 0 0.14335 0.01184 333.15 – 453.15 3.89 [459] 

[bmPyr][Tf₂N] -1.2419 0 0 1.6073 -0.5139 293.20 – 413.20 0.668 [132] 

[emim][BF₄] -1.7432 0 0 0.2982 0 313.20 – 333.20 3.7 [460] 

[emim][Tf₂N] -1.1915 0 0 1.0544 -0.35 313.15 – 423.15 1.31 [461] 

[hmim][(C₂F₅)₃PF₃] -2.4281 0 0 4.0571 -2.2223 302.30 – 343.40 9.58 [462] 

[hmim][Tf₂N] -1.13 0 0 1.3219 -0.4163 293.20 – 413.20 1.3 [463] 

[omim][Tf₂N] -0.1451 0 0 0.4107 0 303.15 – 332.85 1.7 [464] 

HCs 

1-Heptene 1.1459 0 0 -1.9735 0.8164 333.18 – 473.16 4.05 [465] 

1-Octene -0.8196 0 0 0.6261 0 313.15 – 333.15 1.8 [412] 

n-Decane 0.328 0 0 -0.2982 0 328.00 – 428.00 4.09 [47] 

n-Octane 74.557 0 0 -143.27 68.787 295.00 – 323.14 2.09 [466, 467] 

n-Tetradecane 7.3248 0 0 -11.268 4.3558 328.00 – 428.00 1.79 [47] 

OHCs 

1-Hexanol -0.1 0 0 0 0 298.15 – 373.15 2.29 [468] 

1-Nonanal -0.9263 0 0 0.5963 0 313.15 – 333.15 3.17 [412] 

1-Octanol -0.13 0 0 0 0 273.32 – 317.95 3.27 [467, 469] 

DES -0.23 0 0 0 0 298.2 1.14  

NBAc -0.18 0 0 0 0 291 4.19 [470] 

NPAc -0.215 0 0 0 0 291 3.91 [470] 

TBP -0.14 0 0 0 0 313.15 0.235 [471] 
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Table 6.9 continued. 

Category Solvent aij bij cij dij eij Temperature range (K) AARE (%) Experimental data references 

NHCs 
DMF -1.0877 0 0 1.1668 -0.4741 298.14 – 373.12 2.65 [466] 

PN 0.85 0 0 0 0 298.15 11.7 [432] 

CycHCs 

cis-Decalin -0.05 0 0 0 0 303.15 0.76 [472] 

Cyclohexanone 58.79 0 0 -110.54 51.749 303.14 – 333.13 8.35 [473, 474] 

MNPh -0.1114 0 0 0.0596 0 462.16 – 701.54 8.82 [475] 

NMP -0.16 0 0 0 0 298.14 – 373.12 1.22 [466] 

PC -0.41 0 0 0 0 298.15 9.19 [476] 

Polymers 

PEGDME* 12.128 -11.622 0 0 0   [38] 

PEGPDMS-1 -0.73 0 0 0 0 298.15 – 313.15 6.14 [100] 

PEGPDMS-3 -0.73 0 0 0 0 298.15 – 313.15 4.32 [392] 

Subcooled 
Methanol -30.963 0 0 69.113 -38.944 243.06 – 278.01 18.3 [450, 477, 478] 

THF -0.15 0 0 0 0 298.14 – 373.12 1.14 [466] 

*Field and Brasington [38] is based on Aspen Plus simulations. 
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6.1.6 Water-Solvent Interaction 

The interaction between water and the solvents used is an important criterion for 

determining the hydrophilicity of the solvents. Table 6.10 shows the constants of Equation (A.17) 

used to calculate the binary interaction between water and the solvents for the PC-SAFT EOS. As 

can be seen the AARE ranges from 0.114 to 19.13% and the majority of most hydrophilic solvents 

are the subcooled solvents (methanol and THF) due to the very low temperatures. They are 

followed by NMP which will also requires an additional distillation column to remove water before 

recycling the solvent. Solvents with water partial pressures below 0.005 bar are considered 

hydrophilic and will follow the process presented in Figure 5.2. 
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Table 6.10: Constants used to calculate the binary interaction parameter of H2O-solvent systems 

Category Solvent aij bij cij dij eij 
Temperature 

range (K) 

AARE 

(%) 

Experimental data 

references 

𝑷𝑯𝟐𝑶
∗  for 10 mol% 

H2O at 298.15 K (bar) 

ILs 

[aPy][Tf₂N] 0.300 0 0 0 0    0.035644 

[bmim][BF₄] 0.0906 0 0 0 0    0.0323259 

[bmim][MeSO₄] 0.654 0 0 0 0    0.035644 

[bmim][PF₆] 0.160 0 0 0 0 288.15 – 323.15 18.16 [403] 0.0136668 

[bmim][Tf₂N] 0.400 0 0 0 0    0.035644 

[bmPyr][Tf₂N] 0.400 0 0 0 0    0.035644 

[emim][BF₄] -0.0428 0 0 0 0 298.15 0.660 [479] 0.0286455 

[emim][Tf₂N] 0.400 0 0 0 0    0.035644 

[hmim][(C₂F₅)₃PF₃] -0.1826 0 0 0.2485 0 303.40 – 315.10 25.54 [480] 0.0109936 

[hmim][Tf₂N] 0.150 0 0 0 0    0.00917266 

[omim][Tf₂N] 0.400 0 0 0 0    0.035644 

HCs 

1-Heptene -0.0566 0 0 0 0 283.14 – 294.34 0.114 [481] 0.1078973 

1-Octene 0.09716 0 0 0 0 310.93 – 539.21 19.13 [482] 0.0356577 

n-Decane -97.376 0 0 99.982 -25.557 573.20 – 340.05 0.260 [483] 0.0374409 

n-Octane 0.0695 0 0 0 0    0.035669 

n-Tetradecane 0 0 0 0 0    0.0356628 

OHCs 

1-Hexanol 0.050 0 0 0 0 294.15 – 313.14 15.25 [484] 0.0149932 

1-Nonanal 0 0 0 0 0    0.0361247 

1-Octanol 1.0499 0 0 -2.1094 1.1112 293.15 – 333.13 18.89 [485] 0.0159397 

DES 0.150 0 0 0 0    0.0356441 

NBAc -0.010 0 0 0 0    0.01963 

NPAc 0 0 0 0 0    0.035668 

TBP 1.6196 0 0 -3.2751 1.6205 313.15 5.15 [484] 0.00692476 
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Table 6.10 continued. 

Category Solvent aij bij cij dij eij 
Temperature 

range (K) 
AARE (%) 

Experimental 

data references 

𝑷𝑯𝟐𝑶
∗  for 10 mol% 

H2O at 298.15 K (bar) 

NHCs 
DMF 3.486 0 0 

-

6.2826 

2.777

9 
303.15 – 343.15 23.88 [486] 0.0164448 

PN 0 0 0 0 0    0.027319 

CycHCs 

cis-Decalin 0 0 0 0 0    0.0324553 

Cyclohexanon

e 
0.005 0 0 0 0 293.14 – 323.13 6.76 [487] 0.030587 

MNPh 0.180 0 0 0 0 573.05 – 673.15 10.83 [488] 0.0357378 

NMP -0.110 0 0 0 0 343.15 – 380.24 0.476 [251, 489] 0.0019966 

PC 0.080 0 0 0 0 273.15 – 298.14 16.28 [490] 0.0191075 

Polymers 

PEGDME* 
-

1.1201 

1.022

8 
0 0 0   [38] 0.00549951 

PEGPDMS-1 0 0 0 0 0    0.029505 

PEGPDMS-3 0 0 0 0 0    0.029006 

Subcoole

d 

Methanol -0.010 0 0 0 0 243.75 – 273.15 8.17 [491, 492] 
0.000101 

(248.15 K) 

THF -0.062 0 0 0 0 298.14 – 343.13 8.33 [493, 494] 
0.0005307 

(248.15 K) 

*Field and Brasington [38] is based on Aspen Plus simulations. 
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7.0 Process Simulation Results 

7.1 Ionic Liquids Used 

This category includes the following 11 ILs: [aPy][Tf₂N], [bmim][BF₄], [bmim][MeSO₄], 

[bmim][PF₆], [bmim][Tf₂N], [bmPyr][Tf₂N], [emim][BF₄], [emim][Tf₂N], [hmim][(C₂F₅)₃PF₃], 

[hmim][Tf₂N], and [omim][Tf₂N]. 

7.1.1 Physico-Chemical Properties 

Figure 7.1 shows that the density of these ILs ranges from 1,200 to 1,600 kg/m3, with 

[hmim][(C2F5)3PF3] has the highest, while [bmim][BF4] and [bmim][MeSO4] have the lowest 

density. The vapor pressures of these ILs shown Figure 7.1 are the lowest among those of all 

solvents used. This means that negligible solvent losses are expected in the CO2 capture process. 

 

   

Figure 7.1: Density and vapor pressure of ILs 
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On the other hand, these ILs have the highest viscosity among all solvents used, which 

ranges from 0.01 to 1.4 Pa.s as shown in Figure 7.2. The [aPy][Tf2N] has the lowest viscosity 

while [bmim][PF6] has the highest viscosity. Using a solvent with high viscosity in the CO2 capture 

process could be problematic because of the elevated pumping costs and the need for large 

absorbers to avoid flooding. The surface tension of these ILs presented in Figure 7.2 ranges from 

0.028 to 0.055 N/m. Among these solvents, [emim][BF4] exhibits the highest, while [omim][Tf2N] 

exhibits the lowest surface tension  

 

   

Figure 7.2: Viscosity and surface tension of ILs 

7.1.2 Solubility of Gases 

The solubility of CO2 in the ILs at temperatures 298.15 and 313.15 K are presented in 

Figure 7.3. The solubility values of CO2 in all ILs used are close, however, those in 

[bmim][MeSO4] are lower. The figure also shows that the solubility of CO2 in these ILs decreases 

with increasing temperature. 
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Figure 7.3: Solubility of CO2 in ILs at 298.15 K and 313.15 K 

 

The solubility of H2 in the ILs at 298.15 and 313.15 K are shown in Figure 7.4, where the 

H2 solubility values in [hmim][(C2F5)3PF3] are the highest, whereas those in [aPy][Tf2N] and 

[bmim][MeSO4] are the lowest. In addition, unlike those of CO2, the solubility values of H2 in the 

ILs used increase with increasing temperature.  

 

   

Figure 7.4: Solubility of H2 in ILs at 298.15 K and 313.15 K 

 

7.1.3 Solvent Flow Rate 

The flow rate of ILs required to achieve a 90% CO2 capture increases with operating 

temperature as shown in Figure 7.5. This is due to the decrease of the solubility of CO2 in the 
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solvents. [bmim][BF4] shows the lowest, while [bmim][MeSO4] shows the highest flow rate 

requirement. In addition, using Mellapak 250Y packing leads to a slightly lower solvent flow rate 

than when using IMTP50, because Mellapak 250Y has higher specific surface area than IMTP50.  

 

   

Figure 7.5: Required solvent flow rate using Mellapak 250Y and IMTP50 (ILs) 

 

Figure 7.6 shows the fraction of solvent lost in the process, which has to be made up and 

as can be seen, due to extremely low vapor pressure of the ILs, the fraction of solvent lost is 

negligible. This means that there is no need to make up fresh solvent to keep operations going 

which leads to low operating costs. In addition, there is no significant difference between the 

fraction of solvent lost using Mellapak 250Y and IMTP50. 

 

   

Figure 7.6: Percentage of solvent lost using Mellapak 250Y and IMTP50 (ILs) 
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7.1.4 Absorber 

The absorber diameter and height are shown in Figures 7.7 and 7.8, respectively. As can 

be deduced from these figures, the size of the absorber increases with temperature due to the 

required high solvent flow rate. The high solvent flow rates require large absorber diameters to 

avoid flooding and consequently long absorber heights to maintain a H/D ratio of greater than 6. 

 

   

Figure 7.7: Absorber diameter using Mellapak 250Y and IMTP50 (ILs) 

 

   

Figure 7.8: Absorber height using Mellapak 250Y and IMTP50 (ILs) 
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7.1.5 HP Flash Drum Pressure 

The pressure of the HP flash drum as a function of temperature is shown in Figure 7.9. In 

general, the pressure of the HP flash drum decreases with temperature, indicating more fuel gas is 

absorbed at high temperatures. [bmim][MeSO4], [bmim][PF6], and [emim][BF4], however, show 

the pressure of the HP flash drum increases when the temperature increases gradually from 273.15 

K to 303.15, and 308.15 K, and then decreases. This means that at temperatures up to 308.15 K, 

less fuel gas was absorbed and beyond this temperature more fuel gas was absorbed. In addition, 

using IMTP50 showed slightly lower pressure of the HP flash drum due to the use of larger solvent 

flow rates leading to more fuel gas absorption. 

 

   

Figure 7.9: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (ILs) 

7.1.6 Power 

Figure 7.10 shows the power required to operate the CO2 capture process increases with 

temperature, which can be attributed to the required higher flow rate of the ILs. In addition, the 

higher power consumption is associated with the larger flow rate of gas passing through the first 

set of multi-stage compressors. ILs also have a high viscosity which could contribute to increasing 
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the pumping cost. Using Mellapak 250Y showed slightly lower power requirements because the 

flow rate of solvent needed to reach 90% CO2 capture is lower. 

 

   

Figure 7.10: Power required to operate plant using Mellapak 250Y and IMTP50 (ILs) 

7.1.7 Capital Expenditure 

The total CAPEX of the process when using ILs is given in Figure 7.11 as a function of 

operating temperature. The CAPEX increases with operating temperature due to the large 

equipment needed to achieve 90% CO2 capture and to process large flow rates. The cost of the 

solvent also contributes to the CAPEX and since ILs are the most expensive of the tested solvents, 

their CAPEX is found to be higher than those of the other solvents used in Aspen Plus simulations. 

[emim][BF4] showed the largest CAPEX followed by [bmim][MeSO4], making them less likely to 

be used for CO2 capture compared to other ILs. On the other hand, [bmim][Tf2N] and 

[emim][Tf2N] exhibited the lowest CAPEX among the ILs used, making them more favorable than 

the other ILs for CO2 capture. 
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Figure 7.11: CAPEX of capture process using Mellapak 250Y and IMTP50 (ILs) 

7.1.8 Operating Expenditure 

Figure 7.12  shows the total OPEX increases with temperature due to the increase of the 

power requirement for the CO2 capture process (Figure 7.10), and the increasing operating and 

maintenance cost, which depends on the CAPEX (Figure 7.11). IMTP50 exhibited higher 

operating costs due to its higher CAPEX and power requirement. Similar to CAPEX, [emim][BF4] 

and [bmim][MeSO4] showed the highest OPEX, while [aPy][Tf2N], [bmim][BF4], and 

[emim][Tf2N] showed the lowest. 

 

   

Figure 7.12: OPEX of capture process using Mellapak 250Y and IMTP50 (ILs) 
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7.1.9 Levelized Cost 

Figure 7.13 shows the LCOC when using ILs increases with temperature due to the increase 

of both the CAPEX and OPEX. Mellapak 250Y showed lower LCOC values than IMTP50 due to 

the former’s lower CAPEX and OPEX. In addition, [emim][BF4] and [bmim][MeSO4] showed 

highest LCOC values among the ILs used due to their highest CAPEX and OPEX. On the other 

hand, [aPy][Tf2N], [bmim][Tf2N], and [emim][Tf2N] showed the lowest LCOC values due to their 

competitive CAPEX and OPEX. Among the ILs used, using [emim][Tf2N] at 273.15 K with 

Mellapak 250Y, gives the lowest LCOC of $7.55/ton CO2 captured. 

 

   

Figure 7.13: LCOC of capture process using Mellapak 250Y and IMTP50 (ILs) 

7.2 Hydrocarbons Used 

This category includes the following 5 HCs: 1-Heptene, 1-Octene, n-Octane, n-Decane 

and, n-Tetradecane 
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7.2.1 Physico-Chemical Properties 

Figure 7.14 shows that the density of the HCs used ranges from 660 to 780 kg/m3. 1-

Heptene and n-octane have the lowest density, while n-Tetradecane has the highest density. The 

vapor pressure of the HCs, shown in Figure 7.14 ranges from 0 to more than 10,000 Pa, indicating 

that there will be some solvent loss, particularly for the alkenes and n-octane. 

 

  

 

Figure 7.14: Density and vapor pressure of HCs 

 

On the other hand, the viscosity of these HCs ranges from 0.0005 to 0.004 Pa.s as shown 

in Figure 7.15 with 1-heptene having the lowest and n-tetradecane having the highest viscosity 

among the HCs. The surface tension of these HCs, presented in Figure 7.15, ranges from 0.017 to 

0.028 N/m. The HCs showed close surface tensions with the difference between the highest and 

the lowest at the same temperature is about 0.007 N/m. 
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Figure 7.15: Viscosity and surface tension of the HCs 

7.2.2 Solubility of Gases 

The solubility of CO2 in these HCs at temperatures 298.15 and 313.15 K are presented in 

Figure 7.16. The solubility of CO2 is lower in longer chain HCs than those in shorter HCs. Also, 

the solubility of CO2 in these HCs decreases with increasing temperature. 

 

  

 

Figure 7.16: Solubility of CO2 in HCs at 298.15 K and 313.15 K 

 

The solubility of H2 in these HCs at 298.15 and 313.15 K are shown in Figure 7.17 and 

similar to the solubility of CO2, the solubility of H2 in longer HCs is lower than that in shorter 

HCs. In addition, the solubility of H2 in these HCs increases with temperature.  
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Figure 7.17: Solubility of H2 in HCs at 298.15 K and 313.15 K 

7.2.3 Solvent Flow Rate 

The flow rates of the HCs used required to achieve a 90% CO2 capture are shown in Figure 

7.18, and as can be deduced the required HCs flow rate increases with temperature, which could 

be due to the decrease of the solubility of CO2 in these solvents. In addition, using Mellapak 250Y 

packing leads to lower solvent flow rates than those when using IMTP50 because of the former’s 

higher specific surface area, leading to better mass transfer. Shorter structure HCs need lower flow 

rates than longer HCs because of their better CO2 solubility, leading to lower flow rate requirement 

to achieve 90% CO2 capture. 

 

  

 

Figure 7.18: Required solvent flow rate using Mellapak 250Y and IMTP50 (HCs) 
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Figure 7.19 shows the fraction of solvent lost in the CO2 capture process increases with 

temperature. The solvent loss when using shorter chain HCs is more significant than that when 

using longer chain HCs. This is because of the significantly higher vapor pressure of short chain 

HCs than longer chain HCs. This means that more fresh solvent is required for shorter chain HCs, 

which increases the OPEX. Also, there is no measurable difference between the solvent loss using 

Mellapak 250Y and IMTP50. 

 

  

 

Figure 7.19: Percentage of solvent lost using Mellapak 250Y and IMTP50 (HCs) 

7.2.4 Absorber 

The absorber diameter and height are presented in Figures 7.20 and 7.21, respectively and 

as can be seen the size and height of the absorber increase with temperature due to the need for 

higher solvent flow rate. The higher solvent flow rates require large absorber diameters to avoid 

flooding and consequently longer absorber height to maintain a H/D ratio of greater than 6. 
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Figure 7.20: Absorber diameter using Mellapak 250Y and IMTP50 (HCs) 

 

  

 

Figure 7.21: Absorber height using Mellapak 250Y and IMTP50 (HCs) 

7.2.5 HP Flash Drum Pressure 

Figure 7.22 illustrates the pressure of the HP flash drum decreases with increasing 

temperature, indicating that more fuel gas is absorbed at higher temperatures as lower pressures 

are needed to release the fuel gas and satisfy the fuel gas constraint (≤ 0.5 mol%). Longer chain 

HCs show higher flash drum pressures than those of shorter chain HCs due to their lower fuel gas 

solubilities. In addition, using IMTP50 showed slightly lower flash drum pressure than using 

Mellapak 250Y due to more fuel gas is absorbed as a result of the higher solvent flow rate.  
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Figure 7.22: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (HCs) 

7.2.6 Power 

Figure 7.23 shows the power required for the CO2 capture process increases with 

temperature due to the increase of the solvent flow rate, which raises the pumping cost and the 

increase of the gas flow rate entering the first multi-stage compressors. Using Mellapak 250Y 

showed lower power requirements because the flow rate of the solvent needed to reach 90% 

capture is lower and therefore its processing requirements consume less power. 

 

  

 

Figure 7.23: Power required to operate plant using Mellapak 250Y and IMTP50 (HCs) 
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7.2.7 Capital Expenditure 

The total CAPEX of the CO2 capture process when using these HCs is given in Figure 7.24 

and as can be seen, the CAPEX increases with temperature due to the large equipment needed to 

achieve 90% CO2 removal and to process large solvent flow rates. n-Tetradecane showed the 

lowest CAPEX due to the small compressors needed as indicated by the power requirements 

shown above. Other solvents showed similar CAPEX due to their similar power requirements and 

absorber sizes. 

 

  

 

Figure 7.24: CAPEX of capture process using Mellapak 250Y and IMTP50 (HCs) 

7.2.8 Operating Expenditure 

Figure 7.25 shows the total OPEX when using these HCs increases with temperature, which 

can be due to the increase of the power requirement and the operating and maintenance cost, which 

is dependent on the CAPEX. IMTP50 exhibits higher operating costs due to its higher power 

requirement and higher CAPEX. n-Tetradecane shows lower OPEX values than other solvents due 

to its lower loss and lower power requirement. 1-Heptene exhibits the highest OPEX among these 

HCs due to its high vapor pressure and large solvent losses. 
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Figure 7.25: OPEX of capture process using Mellapak 250Y and IMTP50 (HCs) 

7.2.9 Levelized Cost 

Figure 7.26 shows the LCOC values of the CO2 capture process when using HCs increases 

with temperature due to the increase of both the CAPEX and OPEX. Mellapak 250Y shows lower 

LCOC values than IMTP50 due to the former’s lower CAPEX and OPEX. In addition, n-

tetradecane showed lower LCOC values than the other HCs due to its lower CAPEX and OPEX 

while 1-heptene showed the highest LCOC. Among the HCs, n-tetradecane operated at 273.15 K 

using Mellapak 250Y gives the lowest LCOC at $7.58/ton CO2 captured. 

 

  

 

Figure 7.26: LCOC of capture process using Mellapak 250Y and IMTP50 (HCs) 
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7.3 Oxygenated-Hydrocarbons Used 

This category includes the following 7 OHCs: 1-Hexanol, 1-Nonanal, 1-Octanol, DES, 

NBAc, NPAc, and TBP. 

7.3.1 Physico-Chemical Properties 

Figure 7.27 shows that the density of the OHCs used ranges from 800 to 1,000 kg/m3, with 

alcohols and the aldehyde having the lowest, while TBP and DES having the highest density 

among these OHCs. The vapor pressure of the OHCs, shown in Figure 7.27 ranges from 0 to more 

than 15,000 Pa, indicating that there will be some solvent loss, particularly for NPAc and NBAc, 

which have the highest vapor pressure among these OHCs. 

 

   

Figure 7.27: Density and vapor pressure of OHCs 

 

On the other hand, the viscosity of the OHCs ranges from 0.0005 to 0.017 Pa.s as shown 

in Figure 7.28 with NPAc having the lowest and 1-octanol having the highest viscosity among the 

OHCs. The surface tension of the OHCs, presented in Figure 7.28, ranges from 0.02 to 0.035 N/m. 

Also, DES shows the highest while NPAc had the lowest surface tension among these OHCs.  
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Figure 7.28: Viscosity and surface tension of the OHCs 

7.3.2 Solubility of Gases 

The solubility of CO2 in the OHCs at temperatures 298.15 and 313.15 K are presented in 

Figure 7.29, and as can be observed the solubility of CO2 is lower for the alcohols and higher for 

the acetates. Also, the solubility of CO2 in all OHCs decreases as the temperature increases. 

 

   

Figure 7.29: Solubility of CO2 in OHCs at 298.15 K and 313.15 K 

 

The solubility of H2 in the OHCs at 298.15 and 313.15 K are shown in Figure 7.30, and 

similar to the solubility of CO2, the solubility of H2 is lower in the alcohols and higher for the 

acetates. In addition, the solubility of H2 in the OHCs increases with temperature. 
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Figure 7.30: Solubility of H2 in OHCs at 298.15 K and 313.15 K 

7.3.3 Solvent Flow Rate 

The flow rate of OHCs required to achieve a 90% CO2 capture is shown in Figure 7.31 and 

as can be seen, the required OHCs flow rate increases with temperature due to the decrease of the 

solubility of CO2 in these solvents. The acetates need the lowest, while alcohols need a higher 

solvent flow rate among these OHCs because of the higher CO2 solubility in acetates.  

 

   

Figure 7.31: Required solvent flow rate using Mellapak 250Y and IMTP50 (OHCs) 

 

Figure 7.32 shows that NPAc loses a large amount of solvent due to its significant vapor 

pressure and the percentage loss of solvent increases with temperature. This means that the OPEX 
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will be much higher than the others. DES, TBP, and the alcohols have much lower vapor pressures 

which leads to the low percentage of solvent loss as shown in Figure 7.32. In addition, there is no 

significant difference between the solvents flow rates using Mellapak 250Y and IMTP50. 

 

   

Figure 7.32: Percentage of solvent lost using Mellapak 250Y and IMTP50 (OHCs) 

7.3.4 Absorber 

Figures 7.33 and 7.34 show that the absorber diameter and height when using OHCs 

increase with increasing temperature. This is due to the higher flow rate of the solvent needed, 

which requires larger absorber diameter to avoid flooding and consequently longer absorber height 

to maintain a H/D ratio of greater than 6. Also, using IMTP50 leads to the need for smaller 

absorbers because as a random packing, it can handle higher flow rates without flooding than the 

Mellapak 250Y, which is a structured packing. 
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Figure 7.33: Absorber diameter using Mellapak 250Y and IMTP50 (OHCs) 

 

   

Figure 7.34: Absorber height using Mellapak 250Y and IMTP50 (OHCs) 

7.3.5 HP Flash Drum Pressure 

Figure 7.35 shows the pressure of the HP flash drum decreases when increasing the 

operating temperature. This is an indication that more fuel gas is absorbed in the solvents at higher 

temperatures. Using IMTP50 showed slightly lower flash drum pressure due to more fuel gas is 

absorbed in the high solvent flow rate. 
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Figure 7.35: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (OHCs) 

7.3.6 Power 

Figure 7.36 shows the power consumption of the CO2 capture process using the OHCs and 

as can be seen, the power consumed increases with temperature due to the need for higher solvent 

flow rates and the larger gas flow rate entering the first multi-stage compressors. Using Mellapak 

250Y showed lower power requirements because the flow rate of solvent needed to reach 90% 

capture is lower and therefore process requirements consume less power. 

 

   

Figure 7.36: Power required to operate plant using Mellapak 250Y and IMTP50 (OHCs) 
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7.3.7 Capital Expenditure 

Figure 7.37 shows the total CAPEX of the CO2 capture process using OHCs increases with 

temperature due to the large equipment needed to achieve 90% CO2 capture and to process the 

large solvent flow rates. NPAc showed the lowest CAPEX due to the small absorber sizes needed, 

however, the alcohols had the highest CAPEX due to the need for large absorber sizes. 

 

   

Figure 7.37: CAPEX of capture process using Mellapak 250Y and IMTP50 (OHCs) 

7.3.8 Operating Expenditure 

Figure 7.38 shows the total OPEX increases with temperature, which can be attributed to 

the increased power requirement, operating and maintenance cost, and solvent losses. DES shows 

the lowest OPEX values among OHCs due to its lowest solvent loss and lowest power requirement, 

whereas NPAc exhibited the highest OPEX because of its high vapor pressure leading to 

significant solvent losses, which have to be made up. 
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Figure 7.38: OPEX of capture process using Mellapak 250Y and IMTP50 (OHCs) 

7.3.9 Levelized Cost 

Figure 7.39 shows the LCOC of the CO2 capture process using OHCs, and as can be 

observed, LCOC values increase with temperature due to the increase of both the CAPEX and 

OPEX. Mellapak 250Y showed lower LCOC values than IMTP50 due to the former’s lower 

CAPEX and OPEX. In addition, DES and TBP show lower LCOC values than the other OHCs 

due to their lower CAPEX and OPEX, while NPAc showed the highest LCOC value. Using DES 

operated at 273.15 K with Mellapak 250Y, yields the lowest LCOC value at $7.14/ton CO2 

captured. 

 

   

Figure 7.39: LCOC of capture process using Mellapak 250Y and IMTP50 (OHCs) 
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7.4 Nitrogenized-Hydrocarbons Used 

This category includes the following 2 NHCs: DMF and PN. 

7.4.1 Physico-Chemical Properties 

Figure 7.40 shows that the density of the NHCs used ranges from 750 to 970 kg/m3, with 

DMF having higher density then PN. The vapor pressure of the NHCs used, shown in Figure 7.40, 

ranges from 100 to more than 20,000 Pa. PN has higher vapor pressure than DMF, which means 

that there will be solvent losses using PN, leading to high OPEX. 

 

  

Figure 7.40: Density and vapor pressure of NHCs 

 

Figure 7.41 shows that the viscosities of NHCs are less than 0.002 Pa.s. The surface tension 

of the NHCs is given in Figure 7.41 and as can be seen, DMF has a higher surface tension than PN 

within the temperature range studied. 
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Figure 7.41: Viscosity and surface tension of the NHCs 

7.4.2 Solubility of Gases 

The solubilities of CO2 in the NHCs at temperatures 298.15 and 313.15 K are presented in 

Figure 7.42. The solubility of CO2 in PN is slightly greater than in DMF within the pressure range 

from 0 to 20 bar. Also, the solubility of CO2 in both NHCs decreases with temperature. 

 

  

Figure 7.42: Solubility of CO2 in NHCs at 298.15 K and 313.15 K 

 

The solubilities of H2 in the NHCs at 298.15 and 313.15 K are presented in Figure 7.43. 

The solubility of H2 in PN is slightly greater than in DMF within the pressure range from 0 to 20 

bar. Also, the solubility of H2 in both NHCs increases with temperature. 
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Figure 7.43: Solubility of H2 in NHCs at 298.15 K and 313.15 K 

7.4.3 Solvent Flow Rate 

The flow rate of NHCs needed to achieve 90% CO2 capture is shown in Figure 7.44 and as 

can be observed, the required NHCs flow rate increases with temperature, due to the decrease of 

the solubility of CO2 in the solvents. Both solvents have similar flow rate requirements due to the 

similarity of CO2 solubility in the solvents. In addition, there is no significant difference between 

the solvent flow rates when using both packings. 

 

  

Figure 7.44: Required solvent flow rate using Mellapak 250Y and IMTP50 (NHCs) 
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Figure 7.45 shows that PN loses a large amount of solvent due to its high vapor pressure, 

and as temperature increases, the percentage loss of solvent increases. This means that the OPEX 

will be much higher for PN than DMF. In addition, there is no significant difference in solvent 

loss when using Mellapak 250Y and IMTP50. 

 

  

Figure 7.45: Percentage of solvent lost using Mellapak 250Y and IMTP50 (NHCs) 

7.4.4 Absorber 

The absorber diameter and height are given in Figures 7.46 and 7.47 and as can be seen the 

size of the absorber increases with temperature due to the need for high solvent flow rate, which 

requires a large absorber diameter to avoid flooding and consequently a taller absorber. Using 

IMTP50 leads to needing smaller absorbers than when using Mellapak 250Y because IMTP50 can 

handle higher flow rates without flooding. 
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Figure 7.46: Absorber diameter using Mellapak 250Y and IMTP50 (NHCs) 

 

  

Figure 7.47: Absorber height using Mellapak 250Y and IMTP50 (NHCs) 

7.4.5 HP Flash Drum Pressure 

Figure 7.48 shows the pressure of the HP flash drum decreases with increasing temperature. 

DMF shows higher pressures in the flash drum than PN, which indicates that PN absorbs more 

fuel gas than DMF. Also, Mellapak 250Y or IMTP50 shows similar flash drum pressure.  
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Figure 7.48: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (NHCs) 

7.4.6 Power 

Figure 7.49 shows the power requirement for the CO2 capture process using NHCs 

increases with temperature due to the need for pumping higher solvent flow rates and processing 

large gas flow rates entering the first multi-stage compressors. Also, there is no significant 

difference between the power requirements using Mellapak 250Y and IMTP50 packings.  

 

  

Figure 7.49: Power required to operate plant using Mellapak 250Y and IMTP50 (NHCs) 
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7.4.7 Capital Expenditure 

The total CAPEX of the CO2 capture process using NHCs is given in Figure 7.50 and as 

can be seen, the CAPEX values for both solvents increase with temperature due to the need for 

larger equipment for 90% CO2 removal and processing large solvent and fuel gas flow rates. DMF 

showed lower CAPEX than PN due to the need for smaller absorber size. 

 

  

Figure 7.50: CAPEX of capture process using Mellapak 250Y and IMTP50 (NHCs) 

7.4.8 Operating Expenditure 

Figure 7.51 shows the total OPEX values of the CO2 capture process increase with 

temperature due to the increase of the process power consumption, operating and maintenance 

cost, and solvent losses. The figure also shows DMF has lower OPEX than PN, which means that 

DMF is a more favorable than PN for CO2 capture. 
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Figure 7.51: OPEX of capture process using Mellapak 250Y and IMTP50 (NHCs) 

7.4.9 Levelized Cost 

Figure 7.52 shows the LCOC of the NHCs increases with temperature due to the increase 

of the CAPEX and OPEX. DMF operated at 273.15 K with Mellapak 250Y packing yields the 

lowest LCOC value at $8.09/ton CO2 captured. There is no significant difference between LCOC 

values using the random and structured packing.  

 

  

Figure 7.52: LCOC of capture process using Mellapak 250Y and IMTP50 (NHCs) 



108 

7.5 Cyclic-Hydrocarbons Used 

This category includes the following 5 CycHCs solvents: cis-Decalin, Cyclohexanone, 

MNPh, NMP, and PC. 

7.5.1 Physico-Chemical Properties 

Figure 7.53 shows that the density of the CycHCs used ranges from 870 to 1,230 kg/m3, 

with PC having the highest and cis-decalin having the lowest density. The vapor pressure of the 

CycHCs, presented in Figure 7.53, ranges from 1 to more than 2,500 Pa. Cyclohexanone shows 

the highest vapor pressure, however, it is still lower than those of previously mentioned solvents, 

which means that the OPEX is not expected to be as strongly affected. 

 

  

 

Figure 7.53: Density and vapor pressure of CycHCs 

 

The viscosities of the CycHCs are less than 0.01 Pa.s as shown in Figure 7.54, with NMP 

having the lowest and MNPh having the highest viscosity on these solvents. The surface tensions 

of the CycHCs are presented in Figure 7.54 and as can be seen, NMP has the highest surface 

tension and cis-decalin has the lowest value among these CycHCs. 
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Figure 7.54: Viscosity and surface tension of CycHCs 

7.5.2 Solubility of Gases 

The solubility of CO2 in the CycHCs at temperatures 298.15 and 313.15 K are presented 

in Figure 7.55. The solubility of CO2 in cyclohexanone is highest while in cis-decalin is the lowest. 

Also, the solubility of CO2 decreases in the CycHCs with increasing temperature. 

 

  

 

Figure 7.55: Solubility of CO2 in CycHCs at 298.15 K and 313.15 K 

 

Figure 7.56 shows the solubility of H2 in the CycHCs increasing with temperature. The H2 

solubility in cis-decalin is the highest at 298.15 K while H2 solubility in cyclohexanone is the 

highest at 313.15 K. Also, the H2 solubilities in MNPh are the lowest at both temperatures. 
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Figure 7.56: Solubility of H2 in CycHCs at 298.15 K and 313.15 K 

7.5.3 Solvent Flow Rate 

Figure 7.57 shows the flow rates of CycHCs needed to achieve a 90% CO2 capture increase 

with temperature. The required CycHCs flow rate increases due to the decrease of the solubility of 

CO2 in the solvents. Since cis-decalin has the lowest CO2 solubility, it requires the highest solvent 

flow rate. On the other hand, cyclohexanone needs the lowest flow rate due to its highest CO2 

solubility. 

 

  

 

Figure 7.57: Required solvent flow rate using Mellapak 250Y and IMTP50 (CycHCs) 

 

Figure 7.58 shows that cyclohexanone has the most losses among these CycHCs because 

its vapor pressure is also the highest among them. Also, the percentage loss of solvent increases 
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with increasing temperature. There is also no difference between the solvent loss using the 

structured and random packing. 

 

  

 

Figure 7.58: Percentage of solvent lost using Mellapak 250Y and IMTP50 (CycHCs) 

7.5.4 Absorber 

Figures 7.59 and 7.60 show the absorber diameter and height increase with temperature 

due to the need for high solvent flow rates. The use of cis-decalin solvent requires the largest 

absorber size due to its high solvent flow rate, whereas cyclohexanone requires a smaller absorber 

size due to its low solvent flow rate. Using IMTP50 needs a slightly lower diameter than when 

using Mellapak 250Y because the former can handle higher solvent flow rates without flooding. 

 

  

 

Figure 7.59: Absorber diameter using Mellapak 250Y and IMTP50 (CycHCs) 
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Figure 7.60: Absorber height using Mellapak 250Y and IMTP50 (CycHCs) 

7.5.5 HP Flash Drum Pressure 

Figure 7.61 shows the pressure of the HP flash drum decreases with temperature, indicating 

that more H2 is absorbed at higher temperatures. The cis-decalin shows the lowest flash drum 

pressures among the CycHCs because it absorbs more fuel gas. Cyclohexanone, NMP, and PC 

have the highest flash drum pressures, indicating they absorb the least fuel gas. 

 

  

 

Figure 7.61: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (CycHCs) 
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7.5.6 Power 

Figure 7.62 shows the power required for the CO2 capture process using CycHCs increases 

with increasing temperature. Cyclohexanone needs the lowest power because it needs the lowest 

flow rates. On the other hand, cis-decalin needs the most power because it requires high solvent 

flow rates and gas flow rates at the first multi-stage compressors. Also, there is no significant 

difference between the power requirements when using Mellapak 250Y and IMTP50 packings. 

 

  

 

Figure 7.62: Power required to operate plant using Mellapak 250Y and IMTP50 (CycHCs) 

7.5.7 Capital Expenditure 

The total CAPEX of the CO2 capture process using CycHCs shown in Figure 7.63 indicates 

that the CAPEX values increase with temperature. This can be attributed to the need of large 

equipment. Among the CycHCs used, cyclohexanone shows the lowest CAPEX while cis-decalin 

shows the highest CAPEX, making it less favorable. 
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Figure 7.63: CAPEX of capture process using Mellapak 250Y and IMTP50 (CycHCs) 

7.5.8 Operating Expenditure 

Figure 7.64 shows the total OPEX increases with temperature due to the increase in the 

power consumption, the increase of the operating and maintenance cost, and solvent losses. MNPh 

shows the lowest OPEX among the CycHCs, indicating that it is more favorable for the CO2 

capture process. On the other hand, cis-decalin, cyclohexanone, and NMP show the highest OPEX 

due to the high losses when using cis-decalin and cyclohexanone, and the hydrophilic nature of 

NMP, which requires further processing to remove the dissolved water. 

 

  

 

Figure 7.64: OPEX of capture process using Mellapak 250Y and IMTP50 (CycHCs) 
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7.5.9 Levelized Cost 

The LCOC of the CycHCs is presented in Figure 7.65 and as can be seen the LCOC 

increases with temperature. There is no significant difference between the LCOC values when 

using the Mellapak 250Y and IMTP50 packings. Also, using MNPh at 273.15 K with Mellapak 

250Y packing yields the lowest LCOC value at $8.56/ton CO2 captured. 

 

  

 

Figure 7.65: LCOC of capture process using Mellapak 250Y and IMTP50 (CycHCs) 

7.6 Polymers Used 

This category includes the following 3 polymers: PEGDME (which is obtained from Field 

and Brasington Aspen simulation [38]), PEGPDMS-1, and PEGPDMS-3. 

7.6.1 Physico-Chemical Properties 

Figure 7.66 shows that the density of the three polymers used ranges from 958 to 1,080 

kg/m3 and PEGDME has the highest, while PEGPDMS-1 has the lowest density. Figure 7.66 also 
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shows the vapor pressure of the three polymers ranges from 0 to more than 1 Pa, which is found 

to be very low compared to vapor pressure of the other solvents used. This implies that the losses 

using these three polymers and accordingly their OPEX would be lower than those of other 

solvents used. 

 

  

Figure 7.66: Density and vapor pressure of polymers 

 

Figure 7.67 shows that the viscosities of the polymers used are less than 0.1 Pa.s with 

PEGPDMS-3 having the highest, while PEGPDMS-1 having the lowest viscosity among the three 

solvents. The surface tension of the polymers is also presented in Figure 7.67 and as can be seen, 

PEGDME has the highest surface tension, while PEGPDMS-1 and PEGPDMS-3 have lower and 

similar surface tensions. 
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Figure 7.67: Viscosity and surface tension of the polymers 

7.6.2 Solubility of Gases 

The solubility of CO2 in the polymers at temperatures 298.15 and 313.15 K are shown in 

Figure 7.68; and as can be observed the solubility of CO2 in PEGPDMS-1 is the highest and those 

in PEGDME and PEGPDMS-3 lower and are similar. In addition, the solubility of CO2 in the three 

polymers decreases with increasing temperature. 

 

  

Figure 7.68: Solubility of CO2 in polymers at 298.15 K and 313.15 K 

 

The solubility of H2 in the polymers at 298.15 and 313.15 K are shown in Figure 7.69, and 

as can be seen, the solubility of H2 PEGPDMS-1 and PEGPDMS-3 increases with temperature. 
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On the other hand, the solubility of H2 in PEGDME (based on Field and Brasington Aspen 

simulation [38]) decreases with increasing temperature, which could be questionable. 

 

  

Figure 7.69: Solubility of H2 in polymers at 298.15 K and 313.15 K 

7.6.3 Solvent Flow Rate 

The flow rate of the three polymers required to capture 90% of the CO2 increases with 

temperature as presented in Figure 7.70, which could be attributed to the decrease of the CO2 

solubility with increasing temperature in the three polymers. Figure 7.70 also shows that 

PEGPDMS-1 requires the lowest flow rate because it had the highest CO2 solubility. On the other 

hand, at low temperatures, PEGDME and PEGPDMS-3 require similar flow rates while at high 

temperatures, PEGPDMS-3 requires lower flow rates than PEGDME.  
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Figure 7.70: Required polymers flow rate using Mellapak 250Y and IMTP50 

 

Figure 7.71 shows the amount of solvent lost is very low for PEGPDMS-1 and PEGPDMS-

3 in the as shown in temperature range from 273.15 K to 323.15 K. Figure 7.71 also shows that 

the losses when using PEGDME are greater than those when using the other two polymers. These 

are true for the two packings used. 

 

  

Figure 7.71: Percentage of solvent loss using Mellapak 250Y and IMTP50 (Polymers) 

7.6.4 Absorber 

Figures 7.72 and 7.73 show that the absorber diameter and height when using the three 

polymers increase with increasing temperature. This can be attributed to the higher flow rates 
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needed to achieve 90% CO2 capture. In addition, using Mellapak 250Y and IMTP50 requires 

similar absorber sizes for the three polymers used, and no significant effect of the packing type on 

the absorber size can be observed. 

 

  

Figure 7.72: Absorber diameter using Mellapak 250Y and IMTP50 (Polymers) 

 

  

Figure 7.73: Absorber height using Mellapak 250Y and IMTP50 (Polymers) 

7.6.5 HP Flash Drum Pressure 

The pressure of the HP flash drum presented as a function of temperature is shown in Figure 

7.74; and as can be seen for PEGPDMS-1 and PEGPDMS-3 at high process temperatures, lower 

pressures in the HP flash drum are needed. This is because at high process temperatures fuel gas 
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is absorbed in the solvent and lower pressures are required to remove it to satisfy the low fuel gas 

constraint. On the other hand, for PEGDME at high process temperature, higher pressure in the 

HP flash drum is accepted. This is because at high process temperature, less fuel gas is absorbed 

in the PEGDME, which is indicated by the decrease of H2 solubility with temperature in this 

solvent as depicted in Figure 7.69. Figure 7.74 also shows using IMTP50 requires lower pressures 

in the HP flash drum than when using Mellapak 250Y, suggesting that more fuel gas is absorbed 

when using the random packing making the structured packing is more favorable for the capture 

process. 

 

  

Figure 7.74: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (Polymers) 

7.6.6 Power 

Figure 7.75 shows that the power required for the CO2 capture process when using the three 

polymers increases with increasing operating temperature. Also, using IMTP50 entails a slightly 

higher power requirement than when using Mellapak 250Y. In general, Figure 7.75 indicates that 

at higher temperatures, lower power requirements when using PEGDME than those when using 
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the other two solvents. This behavior can be attributed to the lower amount of fuel gas absorbed 

and consequently lower gas compression requirements. 

 

  

Figure 7.75: Power required to operate plant using Mellapak 250Y and IMTP50 (Polymers) 

7.6.7 Capital Expenditure 

Figure 7.76 shows the CAPEX of the CO2 capture process when using the three polymers 

increases with temperature due to the larger equipment used to handle the high fuel gas and solvent 

flow rates. From 273.15 to 288.15 K PEGPDMS-1 has the lowest CAPEX among the three 

polymers used, however, beyond 288.15 K, PEGDME has the lowest CAPEX making it more 

favorable solvent at high operating temperatures. 
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Figure 7.76: CAPEX of capture process using Mellapak 250Y and IMTP50 (Polymers) 

7.6.8 Operating Expenditure 

Figure 7.77 shows the total OPEX values of the polymers increase with process 

temperature. This behavior is due to the increase in the power requirement for the CO2 capture 

process and the increase of the operating and maintenance cost due to the increased CAPEX. From 

273.15 to 283.15 K, PEGPDMS-1 shows the lowest OPEX among the three solvents, while at 

temperatures greater than 283.15 K, PEGDME shows lower OPEX values. This can be attributed 

to the decrease of H2 solubility in PEGDME and its increase in the other two solvents with 

increasing process temperature. These OPEX values are considered the lowest among those of all 

the solvents used. Also, there is no significant difference in the OPEX of the three polymers when 

using either Mellapak 250Y or IMTP50 packing. 
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Figure 7.77: OPEX of capture process using Mellapak 250Y and IMTP50 (Polymers) 

7.6.9 Levelized Cost 

Figure 7.78 shows that the LCOC behavior of the three polymers presented as a function 

of the process temperature is similar to that of their OPEX shown above in Figure 7.77. As the 

temperature increases, the LCOC increases with no significant difference between the values when 

using Mellapak 250Y and IMTP50. In this study, these three polymers were found to be the best 

performing category due to their high CO2 solubility combined with their low vapor pressures. The 

lowest LCOC value ($7.15/ton CO2 captured) was obtained for PEGDME-1 at 273.15 K when 

using Mellapak 250Y packing.  

 

  

Figure 7.78: LCOC of capture process using Mellapak 250Y and IMTP50 (Polymers) 
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7.7 Subcooled Solvents Used 

This category includes the following 2 solvents: methanol and THF. 

7.7.1 Physico-Chemical Properties 

Due to the volatility of the methanol and THF, subcooled temperatures were used to reduce 

the solvent loss. Figure 7.79 shows the density of the two solvents ranges from 807 to 961 kg/m3 

within the temperature range of 223.15 to 273.15 K, with THF having higher density values than 

methanol. Figure 7.79 also shows the vapor pressure of the two solvents range from 10 to about 

10,000 Pa. It should be noted that even at low temperatures, methanol and THF have relatively 

high vapor pressure, which ultimately leads to high solvent loss and consequently high OPEX. 

 

  

Figure 7.79: Density and vapor pressure of subcooled solvents 

 

The viscosity of the two solvents, shown in Figure 7.80 are very low compared to the other 

solvents used in this study. This is considered an advantage because they will require smaller 

absorbers and lower pumping costs. The surface tension of the two solvents is also presented in 
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Figure 7.80 and indicates that THF exhibits higher surface tensions than methanol at the same 

temperature. 

 

  

Figure 7.80: Viscosity and surface tension of subcooled solvents 

7.7.2 Solubility of Gases 

The solubility of CO2 in the subcooled solvents at temperatures 233.15 and 248.15 K are 

shown at Figure 7.81 and as can be observed, the solubility values of CO2 in THF is greater than 

those in methanol. These two solvents showed very high solubilities compared to other solvents 

due to the very low temperatures used in the CO2 capture process. Figure 7.81 shows the CO2 

solubilities in both solvents decrease with increasing temperature. 
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Figure 7.81: Solubility of CO2 in subcooled solvents at 233.15 K and 248.15 K 

 

The solubility of H2 in the two solvents at 233.15 and 248.15 K are shown in Figure 7.82 

and as can be observed the solubility values of H2 in the two solvents decrease with increasing 

temperature because. The H2 solubility in methanol is significantly higher than that in THF and 

other solvents used in this study due to the low process temperature. 

 

 
 

Figure 7.82: Solubility of H2 in the subcooled Solvents at 233.15 K and 248.15 K 

7.7.3 Solvent Flow Rate 

Figure 7.83 shows that the flow rate of the two solvents required for 90 mol% CO2 capture 

increases with the process temperature because CO2 solubility in the two solvents decrease with 
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increasing temperatures. From temperatures 223.15 to 243.15 K, methanol requires a lower flow 

rate than THF and after 243.15 K THF requires a lower flow rate. This is due to the CO2 solubility 

in methanol being higher than that of THF at lower temperatures and becomes lower at higher 

temperatures. In this study, the flow rates of methanol and THF are the lowest among those of all 

solvents used. 

 

  

Figure 7.83: Required solvent flow rate using Mellapak 250Y and IMTP50 (Subcooled) 

 

However, due to the high vapor pressures of the two solvents, the amount of solvent lost 

increases with temperature and is significant as shown in Figure 7.84. In addition, there is no 

difference between the amount of solvent lost using the structured and random packings. 
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Figure 7.84: Percentage of solvent lost using Mellapak 250Y and IMTP50 (Subcooled) 

7.7.4 Absorber 

The absorber diameter and height are shown in Figures 7.85 and 7.86 for methanol and 

THF; and as can be seen the absorber diameter and height increase with increasing process 

temperature. Also, the figures indicate that using IMTP50 packing requires a smaller absorber due 

to its ability to handle higher flow rates without flooding. In this study, the absorber sizes for 

methanol and THF are the lowest among those of all solvents used due to smallest required flow 

rates. 

 

  

Figure 7.85: Absorber diameter using Mellapak 250Y and IMTP50 (Subcooled) 
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Figure 7.86: Absorber height using Mellapak 250Y and IMTP50 (Subcooled) 

7.7.5 HP Flash Drum Pressure 

The pressure of the HP flash drum presented as a function of temperature is shown in Figure 

7.87, and as can be seen for methanol and THF at high process temperatures, lower pressures in 

the HP flash drum are needed. This is because at high process temperatures fuel gas is absorbed in 

the solvent and lower pressures are required to remove it to satisfy the low fuel gas constraint. In 

addition, there is no significant difference between the flash drum pressures when using methanol 

and THF. The pressure of the HP flash drum is similar when using Mellapak 250Y and IMTP50, 

indicating the amount of fuel gas absorbed is identical for these two packings. 

 

  

Figure 7.87: Pressure of HP flash drums when using Mellapak 250Y and IMTP50 (Subcooled) 
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7.7.6 Power 

Figure 7.88 shows that the power required to operate the CO2 capture plant decreases with 

increasing temperature from 223.15 to 253.15 K, then above 253.15 K, the power starts to increase. 

The decrease at temperatures up to 253.15 K is due to the higher cooling requirement at the lower 

temperatures. Above 253.15 K, the multi-stage compressors consume more power than the cooling 

requirement. Figure 7.88 also indicates that using THF needed lower power than when using 

methanol and there is no obvious effect of the packing type on the power requirements. 

 

  

Figure 7.88: Power required to operate plant using Mellapak 250Y and IMTP50 (Subcooled) 

7.7.7 Capital Expenditure 

Figure 7.89 shows the total CAPEX values increase with temperature for methanol and 

THF. This is due to the need for large equipment to achieve a 90 mol% CO2 capture. Mellapak 

250Y shows larger CAPEX values than Mellapak 250Y because of its larger absorbers needed. 
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Figure 7.89: CAPEX of capture process using Mellapak 250Y and IMTP50 (Subcooled) 

7.7.8 Operating Expenditure 

Figure 7.90 shows the total OPEX values increase with process temperature due to the 

change in the power consumption, increase of the operating and maintenance cost, which increases 

with CAPEX, and the amount of solvent lost, which requires solvent makeup. IMTP50 shows 

slightly higher OPEX requirement than Mellapak 250Y due to the need for a larger solvent flow 

rate. 

 

  

Figure 7.90: OPEX of the CO2 capture process using Mellapak 250Y and IMTP50 (Subcooled) 
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7.7.9 Levelized Cost 

Figure 7.91 shows the LCOC values for methanol and THF increase with temperature. The 

figure also indicates that IMTP50 exhibit slightly higher values than Mellapak 250Y due to its 

higher OPEX. It should be noted that the LCOC has a similar trend to the OPEX, implying that 

the effect of OPEX on LCOC is more significant than that of CAPEX. Using methanol at 223.15 

K with Mellapak 250Y gives LCOC value of $15.95/ton of CO2 captured. 

 

  

Figure 7.91: LCOC of capture process using Mellapak 250Y and IMTP50 (Subcooled) 

7.8 Comparison Among All Solvents Used 

Table 7.1 lists the solvents from each category used with the most favorable economics for 

the CO2 capture process according to Aspen Plus simulations. For all categories, the lowest 

operating temperature tested and Mellapak 250Y were the optimal conditions for the pre-

combustion CO2 capture since at the lowest temperature the solubility of CO2 was the highest and 

Mellapak 250Y provided a larger specific surface area leading to better mass transfer. 
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Table 7.1: Most favorable solvents for pre-combustion CO2 capture 

Category Solvent Temperature (K) Packing 

ILs [emim][Tf2N] 273.15 Mellapak 250Y 

HCs n-Tetradecane 273.15 Mellapak 250Y 

OHCs DES 273.15 Mellapak 250Y 

NHCs DMF 273.15 Mellapak 250Y 

CycHCs MNPh 273.15 Mellapak 250Y 

Polymers PEGPDMS-1 273.15 Mellapak 250Y 

Subcooled Methanol 223.15 Mellapak 250Y 

 

Figure 7.92 compares the CAPEX, OPEX, and LCOC of the seven selected solvents at 

their optimal conditions. In this figure, the lowest CAPEX is for DMF followed by methanol due 

to the need for small absorbers and low solvent costs, while the highest values are for MNPh and 

[emim][Tf2N] due to the need for large absorbers and high cost of the ILs. The lowest OPEX 

values are for DES and PEGPDMS-1 with only $40,000 difference between them, while the 

highest values are for methanol due to the high cooling requirements and high solvent losses. 

Figure 7.92 also shows that the lowest LCOC values are for DES and PEGPDMS-1, while the 

highest values are for methanol. It should be noted that the LCOC values behave similarly to those 

of OPEX. 
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Figure 7.92: CAPEX, OPEX, and LCOC of the best performing solvents for pre-combustion CO2 capture 

7.9 Effect of Plant Scale 

Recently, there has been a renewed focus on the development of small-scale modular 

gasifiers, which can take advantage of local solid feedstocks, and modular-scale synthesis reactors, 

which can generate local-used fuels, chemicals, and fertilizers [495]. The simulations of the 

capture process using five potential solvents ([bmim][Tf2N], [emim][Tf2N], DES, PEGPDMS-1, 

and PEGPDMS-3) at 54 to 543 MW and at temperatures 283.15, 293.15, and 313.15 K. The flow 

rate of the fuel gas at each plant capacity are shown in Table 7.2. 
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Table 7.2: Fuel gas flow rate at each plant capacity 

Plant power capacity (MW) Fuel gas flow rate (kmol/h) CO2 to be captured (kmol/h) 

543 28,182 10,344 

443 22,982 8,435 

343 17,782 6,527 

216 11,219 4,118 

136 7,079 2,598 

86 4,467 1,640 

54 2,818 1,034 

 

7.9.1 Solvent Flow Rate 

Figure 7.93 shows that the required solvent flow rate increases with the power plant 

capacity for the five solvents at the three temperatures. This is expected due to the increase in gas 

flow rate and the amount of CO2 to be captured. In addition, the required solvent flow rates increase 

with temperature because the CO2 solubilities in the solvents decrease with temperature as noted 

in previous sections. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.93: Solvent flow rate of (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e) 

PEGPDMS-3 
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7.9.2 Absorber 

Figure 7.94 shows that the required absorber internal diameter increases with the power 

plant capacity for all solvents used, which is expected due to the increase of the fuel gas and 

required solvent flow rates with increasing the power plant capacity. Also, the absorber internal 

diameter increases with temperature, which can be attributed to higher solvent flow rate required 

due to the requirement to satisfy the no flooding constraint imposed on the CO2 capture process. 

The height of the absorbers also increased as the plant capacity increased as indicated by 

Figure 7.95 due to the requirement of maintaining the absorber height to diameter ratio of greater 

than or equal to 6. This will lead to solvents that need larger absorber diameters to have taller 

absorbers which will also lead to a higher CAPEX. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.94: Absorber diameter using (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e) 

PEGPDMS-3 

 



140 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.95: Absorber height using (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e) 

PEGPDMS-3 
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7.9.3 Economics 

Figure 7.96 shows the total CAPEX for the five solvents as a function of power plant 

capacity, and as can be observed, the total CAPEX increases with power plant capacity, due to the 

use of larger equipment at higher power plant capacity. Figure 7.97 indicates that the total OPEX 

also increases with power plant capacity for the five solvents. This can be related to the cost of 

operating and maintaining larger equipment and handling high solvent and gas flow rates.  

Figure 7.98 shows the LCOC decreases with increasing the power plant capacity for the 

five solvents used, which is due primarily to the increase of the tonnage of CO2 captured. The 

Aspen Plus simulations show that as the power plant capacity increases, the amount of CO2 

captured increases more than the corresponding increase in the CAPEX and OPEX, leading to 

lower LCOC at larger scale power plants. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.96: CAPEX using (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e) 

PEGPDMS-3 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.97: OPEX using (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e) PEGPDMS-

3 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7.98: LCOC using (a) [bmim][Tf2N], (b) [emim][Tf2N], (c) DES, (d) PEGPDMS-1, and (e)  

PEGPDMS-3 
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8.0 Artificial Neural Network 

An artificial neural network (ANN) is a machine learning (ML) tool used to emulate the 

human brain; and like biological neurons, an ANN has the ability to learn from an input and 

provide an output. An ANN consists of layers and nodes to perform complex transfer functions 

and provide an output, replicating biological neurons. In engineering applications, ANNs are 

mainly used for predictions and pattern recognition [496]. The ANN could have as many layers 

and nodes as possible to provide an accurate output. The layers include multiple nodes, consisting 

of weights and biases. There are many transfer functions that a node can perform as given in Table 

8.1, where using non-linear transfer functions gives better results than linear transfer functions 

[497].  

 

Table 8.1: Transfer functions [498, 499] 

Name Transfer function 

Linear 𝑓(𝑥𝑖) = 𝑥𝑖  

Sigmoid 𝑓(𝑥𝑖) =
1

1 + 𝑒−𝑥𝑖
 

Hyperbolic tangent 𝑓(𝑥𝑖) = tanh (𝑥𝑖) 

Gaussian 𝑓(𝑥𝑖) = 𝑒𝑥𝑖
2
 

Step 𝑓(𝑥𝑖) = {
0, 𝑥𝑖 ≤ 𝑎
1, 𝑥𝑖 > 𝑎

 

 

In general, the input and output data for the ANN are normalized using Equation (8.1).  

𝐼𝑛𝑜𝑟𝑚 = 2 (
𝐼𝑖𝑛𝑝𝑢𝑡/𝑜𝑢𝑡𝑝𝑢𝑡 − 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥 − 𝐼𝑚𝑖𝑛
) − 1 (8.1) 

where Inorm is the normalized parameter, Iinput/output is the input or output value, Imin and Imax are the 

minimum and maximum values of the input or output data, respectively.  
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After finishing the calculations, the last hidden layer converts them to final results and 

sends them to the output layer. Equation (8.2) shows the form of a node output [500]. 

𝑥𝑖𝑗 = 𝑓 (∑ 𝑤𝑗𝑥𝑖−1𝑗

𝑁

𝑗=1

+ 𝑏) (8.2) 

where xij is the output of the node, f is the transfer function, wi is the weight of the node, xi-1j is the 

input to the node, b is the bias, and N is the number of nodes in the previous layer. The subscript i 

represents the layer number and j represents the node number. 

It should be noted that Equations (8.1) and (8.2) are dependent on the minimum and 

maximum values of the input and output data. It is also important to mention that the ANN should 

only be used for interpolations within the validity range from the minimum to the maximum values 

used for its development. This means that the ANN will completely fail to make any reliable 

predictions below or above the validity range.  

8.1 Training of the ANN 

Among the training methods of an ANN are back-propagation, Levenberg-Marquardt, and 

Bayesian Regularization. 

8.1.1 Back-Propagation 

Back-propagation is one of the most common methods used for training a feed-forward 

ANN. This method was developed in the 1970’s [501] and was made popular in 1986 by Rumelhart 

et al. [502]. In this method, the hidden layer weights are determined based on the gradient descent 
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and more details can be found in Funahashi [503] and Hornik et al [504]. In 2001, Fillion [501] 

used this method to develop an ANN to predict the mass transfer and hydrodynamic parameters in 

a gas-inducing agitated reactor. His experimental mass transfer data were predicted with a 

regression coefficient greater than 0.99 and an average deviation of 8.1%. Also, his experimental 

Sauter mean bubble diameters were predicted with a regression coefficient of 0.98 and a deviation 

of 4%. In 2003, Lemoine et al. [505] used the same method to develop an ANN to predict the mass 

transfer coefficients in a lab-scale gas-inducing reactor. They built two ANN configurations (10-

10-1 and 10-15-1) which performed significantly better than their empirical correlations and those 

found in literature in predicting their data. The R2 values for the two ANNs were 0.905 and 0.886, 

respectively. In 2005, Behkish et al. [506] used the back-propagation method to create an ANN to 

predict the holdup of small and large gas bubbles in a bubble column and a slurry bubble column 

reactor. They used the sigmoid activation function and two hidden layers with 9 and 7 nodes, 

respectively. Their ANN predicted the experimental holdup of small gas bubbles with an AARE 

of 16%, a standard deviation of 19%, and an R2 of 0.90. It also predicted the experimental holdup 

of large gas bubbles with an AARE of 10%, a standard deviation of 14% and an R2 of 0.93. 

8.1.2 Levenburg-Marquardt 

The Levenburg-Marquardt method considers the use of a loss or error function such as the 

sum squared error as expressed by Equation (8.3). The Jacobian matrix is calculated using 

Equation (8.4), and the gradient vector is calculated using Equation (8.5). The Hessian (Hf) of E 

can then be calculated using Equation (8.6). Minimizing these parameters by altering the weights 

in the ANN leads to the desired solution, and more details about this training method can be found 

elsewhere [507, 508].  
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𝐸 = ∑[𝑦𝑖 − 𝐴𝑁𝑁(𝑖𝑛𝑝𝑢𝑡𝑠𝑖)]2

𝑁

𝑖=1

 (8.3) 

𝐽𝑖,𝑗 =
𝜕[𝑦𝑖 − 𝐴𝑁𝑁(𝑖𝑛𝑝𝑢𝑡𝑠𝑖)]2

𝜕𝑤𝑗
 (8.4) 

∇𝐸 = 2𝐽𝑇 ∙ 𝐸 (8.5) 

𝐻𝑓𝐸 = 2𝐽𝑇 ∙ 𝐽 (8.6) 

This method has recently been used to model the disease control cases, including the current 

COVID-19 pandemic [509]. 

8.1.3 Bayesian Regularization 

The Bayesian Regularization is considered better than the other two training methods 

because of its validation process [510]. This method has some advantages, such as (1) Overtrain 

difficulty because it provides a stopping criterion without the need for a set of validation data; (2) 

Overfit difficulty due to its ability to train with the effective number of weights and bias; and (3) 

As long as the lowest number of nodes is provided, this method will provide the best solution. 

The error equation when using this method includes a damping factor, which is expressed 

by Equation (8.7). 

𝐸 = 𝛽𝐸𝐷 + 𝛼𝐸𝑤 (8.7) 

ED and EW are calculated as follows: 

𝐸𝐷 = ∑[𝑦𝑖 − 𝐴𝑁𝑁(𝑖𝑛𝑝𝑢𝑡𝑠𝑖)]2

𝑁

𝑖=1

 (8.8) 



149 

𝐸𝑤 = ∑ 𝑤𝑖
2

𝑁𝑤

𝑖=1

 (8.9) 

where Nw is the number of weights, α and β are the hyperparameters calculated using Equations 

(8.10) and (8.11), respectively. 

𝛼 =
𝛾

2𝐸𝑤
 (8.10) 

𝛽 =
(𝑁 − 𝛾)

2𝐸𝐷
 (8.11) 

Details for calculating γ can be found elsewhere [497, 511]. Initial values of α and β are 

used and E is then minimized by adjusting wj. After E is minimized, the minimum number of 

parameters (γ) can be determined and new values for α and β are calculated.  

8.2 Architecture of the ANN used in this study 

The selection of a solvent for the CO2 capture process is a mandatory step in the 

development of the ANN. Since the input of the ANN is mainly based on the solvent type, 

computational and thermochemical simulations are required to screen the solvents for pre-

combustion applications. Once the solvent is selected, its price is defined, and its physico-chemical 

properties are obtained and correlated as a function of temperature. These solvent properties along 

with operating variables, power plant capacity expressing the fuel gas flow rate, and packing 

properties, are then used to develop the ANN.  

Figure 8.1 shows the ANN developed in this study includes one input layer (10 nodes), two 

hidden layers (10 nodes each), and one output layer (3 nodes). The output layer includes the 

predicted CAPEX, OPEX, and LCOC of the CO2 capture process. The red circles are the nodes of 
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the input layer, the black circles are the nodes of hidden layers, and the green circles are the nodes 

of the output layer. There are ten inputs, including: operating temperature; solvent properties 

(density, viscosity, vapor pressure, CO2 Henry’s Law constant and H2 Henry’s Law constant); 

solvent price; solvent hydrophobicity; plant power capacity; and absorber packing specific surface 

area. The data from the input layer pass through the hidden layers, then the CAPEX, OPEX, and 

LCOC are calculated and come out through the output layer. In this study, the sigmoid transfer 

function was used for the hidden layers, while the linear transfer function was used for the output 

layer. 

 

 

Figure 8.1: Architecture of the develpoped ANN 

 

Table 8.2 shows the values of the minimum and maximum input data used for the 

development of the ANN. Again, the predictions of this ANN are only valid within these ranges. 
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Table 8.2: Minimum and maximum values of the input and output data  

Parameter Minimum Maximum 

Power plant capacity (MW) 54.3 543 

Temperature (K) 223.15 323.15 

Density (kg/m3) 691.77 1,581.53 

Viscosity (Pa.s) 3.19×10-4 1.37 

Vapor pressure (Pa) 1.01325×10-5 18,899.26 

CO2 Henry’s law constant (mol/m3.bar) 37.49 3,790.67 

H2 Henry’s law constant (mol/m3.bar) 0.07897 37.5115 

Solvent cost ($/L) 0.18 41.50 

Hydrophilicity (binary) 0 1 

Specific surface area of packing (m2/m3) 102 256 

CAPEX ($) 10,171,495 216,736,909 

OPEX ($/year) 2,622,825 1,370,783,510 

LCOC ($/ton CO2) 7.14 355.15 

8.3 ANN Predictions 

A total of 801 cases of Aspen Plus calculated data tabulated in Appendix B were used to 

develop the ANN in MATLAB® R2020a. For training this ANN, 320 cases (40% of the data) 

randomly selected were used, and for testing it, 481 cases (60% of the data) were used. As 

mentioned above, the Bayesian Regularization training method was employed because it was 

expected to provide more accurate results with a lower computational cost. Tables 8.3 and 8.4 give 

the values of the weights (wi) and biases (b) of the hidden layers and the output layer of the ANN 

used, respectively. 
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Table 8.3: Parameters of the hidden layers 

Parameter N1,1 N1,2 N1,3 N1,4 N1,5 N1,6 N1,7 N1,8 N1,9 N1,10 

b 1.3979 5.8985 14.2125 3.6186 -3.1425 -7.0696 -5.4967 4.4852 -12.1557 2.5044 

w1 -1.0853 -1.0971 -0.9474 0.9354 -0.8773 2.9543 -0.5054 0.6863 1.2714 -0.8898 

w2 3.5967 -2.6501 -0.3705 0.5187 1.6555 -0.5704 -1.8544 -0.5874 0.1677 -0.4846 

w3 2.9506 -8.4239 0.8361 -1.3487 -2.0063 -7.9695 -6.3544 1.2163 -0.8549 5.4082 

w4 -0.6475 -7.3156 0.4099 -0.5542 -0.6583 0.2106 -5.4709 0.1598 -0.4048 1.9033 

w5 2.7894 -3.0449 -0.7569 9.9450 -2.5229 -2.1981 -1.8898 -0.1043 -0.4157 -0.7650 

w6 1.9658 5.5094 17.2534 -0.7362 -1.4666 -4.9282 -3.0716 0.3303 -0.1366 1.5709 

w7 0.0902 6.9620 -5.1597 -4.0294 -1.4631 4.4577 1.7948 3.8541 -8.0712 -10.4048 

w8 1.3255 -2.8392 0.3940 -1.1682 1.5838 7.3950 -0.4154 -0.5976 -1.5666 1.8999 

w9 0.8507 -0.4300 -0.5586 0.5348 1.8732 -3.1484 0.5194 1.0114 -1.8617 0.0877 

w10 -0.0223 -0.1583 0.0135 -0.0010 0.0174 -0.0074 -0.0877 -0.0013 -0.0012 0.0292 

           

Parameter N2,1 N2,2 N2,3 N2,4 N2,5 N2,6 N2,7 N2,8 N2,9 N2,10 

b -6.7295 -6.6353 3.7494 4.2713 2.3253 -2.9488 5.6376 -5.4734 8.2421 2.1218 

w1 1.7058 -0.4979 0.6481 -1.3305 -1.1018 0.1655 -1.9222 0.1827 -0.2559 -2.5348 

w2 -0.0194 2.2712 -3.2189 -5.4336 6.2551 2.8506 -0.2395 7.5293 1.8326 -9.7184 

w3 -1.3231 -2.5645 -9.3739 -1.0795 2.2210 4.7470 1.3627 9.2075 12.8435 -2.7198 

w4 -5.6679 12.2821 -3.5966 -4.9490 -4.8169 1.8052 4.7043 1.9600 -1.3041 1.1995 

w5 0.9666 -6.0123 0.8685 0.2330 -0.7559 -0.9199 -0.6816 -1.5313 0.2619 5.4681 

w6 -0.8471 5.2916 1.7989 -2.1601 -2.5259 -2.0838 0.3945 -2.8614 -3.6613 3.1200 

w7 8.4890 -0.8241 -2.7508 4.0604 1.8835 -3.1789 -8.1598 1.0689 3.3459 -0.1430 

w8 1.9005 -7.6580 0.9570 0.3441 -1.4289 -5.0483 -1.6115 2.1616 -4.0240 -2.0301 

w9 2.1655 -11.2098 3.4068 0.8197 -0.1979 -2.9295 -1.7917 -2.7036 -6.3429 0.0797 

w10 1.9821 5.7471 4.6769 2.8400 -2.2917 -0.3720 -1.0831 -6.3219 -11.0442 2.3464 

 

Table 8.4: Parameters of the output layer 

Parameter N3,1 N3,2 N3,3  Parameter N3,1 N3,2 N3,3 

b -5.7138 2.2804 2.0730      

w1 0.5130 -4.2665 -4.1351  w6 -1.5195 -0.1076 0.0920 

w2 0.4255 4.9638 5.0199  w7 0.7403 -4.2725 -4.1503 

w3 10.7818 0.2429 0.4730  w8 8.2738 0.1908 0.3590 

w4 -0.3023 1.4343 1.3853  w9 -9.4807 -0.7270 -0.9230 

w5 6.0286 0.1545 0.2736  w10 3.6175 0.0732 0.1462 
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Figure 8.2 shows the CAPEX, OPEX, and LCOC values calculated using Aspen Plus and 

those predicted using the ANN for the 35 solvents used are in very good agreement. To quantify 

this accuracy, the coefficient of determination (R2) and the absolute average relative error (AARE) 

for the cases used for training and testing the ANN were calculated and listed in Table 8.5. As can 

be observed R2 for the cases used to train the ANN are 0.9996, 0.9998, and 0.9998 for CAPEX, 

OPEX, and LCOC, respectively; and R2 for the cases used for testing the ANN are 0.9934, 0.9992, 

and 0.9991 for CAPEX, OPEX, and LCOC, respectively. In addition, AARE values for the cases 

used for training and testing the ANN are 1.664, 5.697, and 3.547% for CAPEX, OPEX, and 

LCOC, respectively. These data confirm that the ANN is capable of predicting the CAPEX, OPEX, 

and LCOC of the CO2 capture process in pre-combustion applications.  

 

Table 8.5: Coefficient of determination and AARE for the ANN output parameters 

Output R2 in Training R2 in Testing AARE (%) 

CAPEX 0.9996 0.9934 1.664 

OPEX 0.9998 0.9992 5.697 

LCOC 0.9998 0.9991 3.547 
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Figure 8.2: Calculated and predicted CAPEX, OPEX, and LCOC of the CO2 capture process 
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8.4 Using the ANN to Predict the Performance of Some Solvents Used 

The ANN developed was used to predict the CAPEX, OPEX, and LCOC for three different 

solvents used in this study, namely [emim][Tf2N], DES, and PEGDPMS-1. These data were 

predicted for temperatures 273.15 – 323.15 K, power plant capacities 54.3 – 543 MW, fuel gas 

flow rates 2,818 – 28,182 kmol/h, and a pressure of 51.4 bar. As can be seen in Figures 8.3, 8.4, 

and 8.5 the predicted data for the three solvents using the ANN are in a good agreement (± 20%) 

with the calculated values using Aspen Plus.  

 

  

 

Figure 8.3: Comaprison between ANN predictions and Aspen Plus calculations for [emim][Tf2N] 
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Figure 8.4: Comaprison between ANN predictions and Aspen Plus calculations for DES 
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Figure 8.5: Comaprison between ANN predictions and Aspen Plus calculations for PEGPDMS-1 

8.5 Using the ANN to Predict the Performances of PEGPDMS-1 and PEGDPMS-3 

The ANN was used to predict the CAPEX, OPEX, and LCOC of PEGPDMS-1 and 

PEGDPMS-3 at a temperature of 298.15 K, power plant capacity of 543 MW, fuel gas flow rate 

of 28,182 kmol/h, and a pressure of 51.4 bar. The properties of the two solvents are given in Table 

8.6. It should be mentioned that 298.15 K is the inlet solvent temperature at the top of the packing. 
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Table 8.6: Properties of PEGPDMS-1 and PEGDPMS-3 at 298.15 K 

Solvent 
Density 

(kg/m3) 

Viscosity 

(Pa.s) 

Vapor pressure 

(Pa) 

HeCO2 

(mol/m3.bar) 

HeH2 

(mol/m3.bar) 

PEGPDMS-1 934.69 0.00489 1.013×10-5 145.26 3.14 

PEGPDMS-3 988.94 0.01242 1.013×10-5 109.95 2.11 

 

Table 8.7 shows the calculated CAPEX, OPEX, and LCOC data using Aspen Plus and 

those predicted using the ANN along with the deviation for Aspen Plus calculations. As can be 

seen in this table, the CAPEX, OPEX, and LCOC values calculated using Aspen Plus and those 

predicted using the ANN for the PEGPDMS-1 and PEGPDMS-3 as single solvents are in a good 

agreement as the deviations from Aspen Plus calculations are -0.003 to 0.085%, -0.422 to 1.543%, 

and -3.255 to 0.293% for the CAPEX, OPEX, and LCOC, respectively. 

 

Table 8.7: Comaprison between the calculated and prediced TEA data at 298.15 K 

Solvent Criterion Units Aspen Plus ANN Deviation from Aspen Plus 

PEGPDMS-1 

CAPEX MM$ 53.100 53.145 0.085% 

OPEX MM$/year 25.564 25.456 -0.422% 

LCOC $/ton CO2 8.18 7.91 -3.255% 

PEGPDMS-3  

CAPEX MM$ 53.618 53.616 -0.003% 

OPEX MM$/year 24.492 24.870 1.543% 

LCOC $/ton CO2 7.92 7.95 0.293% 
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9.0 Concluding Remarks 

Aspen Plus v.8.8 was used to perform TEA of the CO2 capture process in pre-combustion 

applications. The CAPEX, OPEX, and the LCOC were calculated to assess the feasibility of the 

process. 35 physical solvents, classified into 7 different categories, were used for CO2 capture from 

an actual shifted fuel at 51.4 bar in a 543 MW power plant. The process included a countercurrent 

packed-bed absorber with Mellapak 250Y or IMTP50, followed by three pressure-swing flash 

drums for solvent regeneration. For the hydrophilic solvents used (NMP, PC, methanol, and THF) 

a tray distillation column was added to the process for water removal. Multi-stage compressors 

with intercooling were also used to prepare the CO2 for sequestration by boosting its pressure to 

152.7 bar. The process constraints were (1) 90% CO2 capture efficiency, (2) no flooding in the 

absorber, (3) absorber height to diameter ratio is ≥ 6, (4) the CO2 gas stream destined for 

sequestration should contain ≤ 0.5 mol% of fuel gas (H2, CH4, and CO), and (5) < 600 ppm of 

water.  

The PC-SAFT EOS was used to model the solvent density and VLE of the gas-liquid 

systems used. Other solvent physico-chemical properties (viscosity, surface tension, and vapor 

pressure) were acquired from experimental data, literature, and Aspen Plus. The CAPEX, OPEX, 

and LCOC values of the CO2 capture process calculated using Aspen Plus were carried out at 

temperatures from 223.15 to 273.15 K for the subcooled solvents (methanol and THF) and from 

273.15 to 323.15 K for all other solvents. In addition, an artificial neural network (ANN) was 

developed using the CAPEX, OPEX, and LCOC of the CO2 capture process calculated with Aspen 

Plus. The input to the ANN included plant power capacity, operating temperature, solvent 

properties, and packing specific surface area. 320 randomly selected cases were used for training 
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the ANN and 481 cases were used for testing it. The results discussed in this study led to following 

conclusions: 

1. In general, operating at low temperatures and using the structured packing (Mellapak 

250Y) with large specific surface area, increased CO2 solubility and improved mass 

transfer, which lowered LCOC values. 

2. High density solvents circumvented flooding and enabled using small-size absorbers, 

which lowered LCOC; high viscosity solvents increased pumping costs and large-size 

absorbers were needed to avoid flooding, which increased LCOC; and high vapor pressure 

solvents exhibited significant loss and required continuous solvent makeup, which 

increased LCOC.  

3. The solvent with the lowest LCOC among the seven categories used obtained with 

Mellapak 250Y packing and the rationale for its behavior are summarized in Table 9.1. 

 

Table 9.1: Solvents with the lowest LCOC 

Category 

(Temperature) 

Solvent 

LCOC 
Rationale 

Ionic liquids 

(273.15 K) 

[emim][Tf2N] 

$7.55/ton CO2 captured 

Solvent’s high density, low viscosity, and high CO2 solubility. 
ILs with negligible vapor pressure have high viscosity and would 

be suitable for warm/hot temperature CO2 capture. 

Hydrocarbons 

(273.15 K) 

n-tetradecane 

7.58/ton CO2 captured 

Solvent has the lowest vapor pressure in this category, leading to 

low solvent losses and consequently low OPEX. 

Oxygenated-

hydrocarbons 

(273.15 K) 

DES 

$7.14/ton CO2 captured 

Solvent’s high density, low vapor pressure, high CO2 solubility, 

and low H2 solubility leading to a small absorber size, low solvent 

loss, and minimal fuel gas loss. 

Nitrogenized-

hydrocarbons 

(273.15 K) 

DMF 

8.09/ton CO2 captured 

Solvent’s high density and low vapor pressure leading to a small 

absorber size and minimal solvent losses, thereby reducing the 

CAPEX and OPEX. 

Cyclic-

hydrocarbons 

(273.15 K) 

MNPh 

$8.56/ton CO2 captured 

Solvent’s low vapor pressure, limiting the amount of solvent loss 

and its hydrophobicity, which was an advantage over other low 

volatility solvents in this category (NMP and PC). 

Polymers 

(273.15 K) 

PEGPDMS-1 

$7.15/ton CO2 captured 

Solvent has the lowest viscosity and highest CO2 solubility in this 

category, which led to using a small absorber and low flow rates, 

which lowered the CAPEX and OPEX. 

Subcooled 

(223.15 K) 

Methanol 

$15.95/ton CO2 captured 

Solvent’s hydrophilicity and additional cooling requirements 

increased the OPEX compared to all other solvents used. 

However, this solvent is inexpensive compared to THF. 
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4. Decreasing the plant power capacity decreased the CAPEX and OPEX, however, the 

LCOC increased due to the small tonnage of CO2 captured. 

5. The ANN was capable of predicting the calculated CAPEX, OPEX, and LCOC using 

Aspen Plus with a coefficient of determination (R2) of 0.9961, 0.9994, 0.9995, respectively 

and an AARE of 1.664, 5.697, and 3.547%, respectively. 
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Appendix A PC-SAFT EOS 

The compressibility factor in the PC-SAFT EOS is computed using Equation (A.1). 

𝑍 = 𝑃𝑉/𝑛𝑅𝑇 (A.1) 

Z is defined as: 

𝑍 = 𝑍𝑖𝑑𝑒𝑎𝑙 + 𝑍ℎ𝑐 + 𝑍𝑑𝑖𝑠𝑝 + 𝑍𝑎𝑠𝑠𝑜𝑐 (A.2) 

where Zideal is the ideal gas compressibility factor, which equals 1. Zhc, Zdisp, and Zassoc are the hard 

chain structure, dispersion, and association gas compressibility factors, respectively. Zhc can be 

calculated using Equation (A.3). 

𝑍ℎ𝑐 = 𝑚̅𝑍ℎ𝑠 − ∑ 𝑥𝑖(𝑚𝑖 − 1)(𝜌𝑁)
𝜕 ln 𝑔𝑖𝑖

ℎ𝑠

𝜕𝜌𝑁
𝑖

 (A.3) 

𝑚̅ = ∑ 𝑥𝑖𝑚𝑖

𝑖

 (A.4) 

where xi is the mole fraction of the ith component, mi is the number of segments, and ρN is the total 

number density of the molecules.  

Zhs and 𝑔𝑖𝑖
ℎ𝑠 are the compressibility factor and radial pair of the hard sphere variables, which 

can be calculated using Equations (A.5)and (A.6)from Boublik [512] and Mansouri et al. [513]. 

𝑍ℎ𝑠 =
𝜉3

1 − 𝜉3
+

3𝜉1𝜉2

𝜉0(1 − 𝜉3)2
+

3𝜉2
3 − 𝜉3𝜉2

3

𝜉0(1 − 𝜉3)3
 (A.5) 

𝑔𝑖𝑗
ℎ𝑠 =

1

(1 − 𝜉3)
+ (

𝑑𝑖𝑑𝑗

𝑑𝑖 + 𝑑𝑗
)

3𝜉2

(1 − 𝜉3)
+ (

𝑑𝑖𝑑𝑗

𝑑𝑖 + 𝑑𝑗
)

2
2𝜉2

2

(1 − 𝜉3)3
 (A.6) 
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where: 

𝜉𝑛 =
𝜋

6
(𝜌𝑁) ∑ 𝑥𝑖𝑚𝑖𝑑𝑖

𝑛

𝑖

 (A.7) 

𝑑𝑖(𝑇) = 𝜎𝑖 [1 − 0.12 exp (
− 3𝜖𝑖

𝑘𝐵𝑇
)] (A.8) 

where di is the effective collision diameter, σi is the segment diameter, ϵi is the segment energy, 

and kB is the Boltzmann constant.  

Zdisp can be calculated using the following equation: 

𝑍𝑑𝑖𝑠𝑝 = −2𝜋𝜌𝑁

𝜕(𝜂𝐼1)

𝜕𝜂
∑ ∑ 𝑥𝑖𝑥𝑗𝑚𝑖𝑚𝑗 (

𝜖𝑖𝑗

𝑘𝐵𝑇
) 𝜎𝑖𝑗

3

𝑗𝑖

− 𝜋𝜌𝑁𝑚̅ [𝐶1

𝜕(𝜂𝐼2)

𝜕𝜂
+ (

𝜕𝐶1

𝜕𝜂
) 𝜂𝐼2] ∑ ∑ 𝑥𝑖𝑥𝑗𝑚𝑖𝑚𝑗 (

𝜖𝑖𝑗

𝑘𝐵𝑇
)

2

𝜎𝑖𝑗
3

𝑗𝑖

 

where: 

(A.9) 

𝜕(𝜂𝐼1)

𝜕𝜂
= ∑ 𝑎𝑗(𝑚̅)(𝑗 + 1)𝜂𝑗

6

𝑗=0

 (A.10) 

𝜕(𝜂𝐼2)

𝜕𝜂
= ∑ 𝑏𝑗(𝑚̅)(𝑗 + 1)𝜂𝑗

6

𝑗=0

 (A.11) 

𝐶1 = (1 + 𝑍ℎ𝑐 + 𝜌𝑁

𝜕𝑍ℎ𝑐

𝜕𝜌𝑁
)

−1

 (A.12) 

𝜎𝑖𝑗 = 0.5(𝜎𝑖 + 𝜎𝑗) (A.13) 

𝜖𝑖𝑗 = (1 − 𝑘𝑖𝑗)√𝜖𝑖𝜖𝑗 (A.14) 

𝑎𝑖(𝑚̅) = 𝑎0𝑖 + (
𝑚̅ − 1

𝑚̅
) 𝑎1𝑖 + (

𝑚̅ − 1

𝑚̅
) (

𝑚̅ − 2

𝑚̅
) 𝑎2𝑖 (A.15) 

𝑏𝑖(𝑚̅) = 𝑏0𝑖 + (
𝑚̅ − 1

𝑚̅
) 𝑏1𝑖 + (

𝑚̅ − 1

𝑚̅
) (

𝑚̅ − 2

𝑚̅
) 𝑏2𝑖 (A.16) 
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The constants in Equations (A.15) and(A.16), provided by Gross and Sadowski [112], are 

shown in Table A.1. The binary interaction parameter (kij) is calculated in Aspen Plus as: 

𝑘𝑖𝑗 = 𝑎𝑖𝑗 +
𝑏𝑖𝑗

𝑇𝑛𝑜𝑟𝑚
+ 𝑐𝑖𝑗 ln 𝑇𝑛𝑜𝑟𝑚 + 𝑑𝑖𝑗𝑇𝑛𝑜𝑟𝑚 + 𝑒𝑖𝑗𝑇𝑛𝑜𝑟𝑚

2  (A.17) 

𝑇𝑛𝑜𝑟𝑚 =
𝑇

298.15
 (A.18) 

 

Table A.1: Universal model constants for Equations (A.15) and (A.16) [112] 

i a0i a1i a2i b0i b1i b2i 

0 0.910563 -0.3084 -0.09061 0.724095 -0.57555 0.097688 

1 0.636128 0.186053 0.452784 2.238279 0.69951 -0.25576 

2 2.686135 -2.503 0.59627 -4.00258 3.892567 -9.15586 

3 -26.5474 21.41979 -1.72418 -21.0036 -17.2155 20.64208 

4 97.75921 -65.2559 -4.13021 26.85564 192.6723 -38.8044 

5 -159.592 83.31868 13.77663 206.5513 -161.826 93.62677 

6 91.29777 -33.7469 -8.67285 -355.602 -165.208 -29.6669 

 

The parameters m, σ, and ε can be obtained either from regressing experimental data or 

from the literature [112, 114, 115]. For organic compounds, group contribution methods can be 

used to determine these parameters [514, 515].  

The contribution of the fluid’s association can be calculated by Chapman et al. [516]:  

𝑍𝑎𝑠𝑠𝑜𝑐 = ∑ 𝑥𝑖

𝜇𝑖
𝑎𝑠𝑠𝑜𝑐

𝑅𝑇
−

𝑎𝑎𝑠𝑠𝑜𝑐

𝑅𝑇
𝑖

 (A.19) 

𝜇𝑖
𝑎𝑠𝑠𝑜𝑐

𝑅𝑇
= ∑ [𝑙𝑛 𝑥𝐴𝑖 −

𝑥𝐴𝑖

2
] + 0.5𝑀𝑖 + ∑ 𝜌𝑗 ∑ [(

𝜕𝑥𝐴𝑗

𝜕𝜌𝑖
)

𝑇,𝜌𝑘≠𝑖

[
1

𝑥𝐴𝑗
−

1

2
]]

𝐴𝑗𝑗𝐴𝑖

 (A.20) 

𝑎𝑎𝑠𝑠𝑜𝑐

𝑅𝑇
= ∑ 𝑥𝑖

𝑖

(∑ [𝑙𝑛 𝑥𝐴𝑖 −
𝑥𝐴𝑖

2
] + 0.5𝑀𝑖

𝐴𝑖

) (A.21) 
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𝑥𝐴𝑖 = [1 + 𝑁𝐴𝑉 ∑ ∑ 𝜌𝑗𝑥𝐵𝑗∆𝑖𝑗
𝐴𝐵

𝐵𝑗𝑗

]

−1

 (A.22) 

∆𝑖𝑗
𝐴𝐵= 𝑑𝑖𝑗

3 𝑔𝑖𝑗
ℎ𝑠𝜅𝑖𝑗

𝐴𝐵 [exp (
𝜖𝑖𝑗

𝐴𝐵

𝑘𝐵𝑇
) − 1] (A.23) 

𝑑𝑖𝑗 = 0.5(𝑑𝑖 + 𝑑𝑗) (A.24) 

𝜖𝑖𝑗
𝐴𝐵 = 0.5(𝜖𝑖

𝐴𝐵 + 𝜖𝑗
𝐴𝐵) (A.25) 

𝜅𝑖𝑗
𝐴𝐵 = (𝜅𝑖

𝐴𝐵𝜅𝑗
𝐴𝐵)

0.5
[

√𝜎𝑖𝜎𝑗

0.5(𝜎𝑖 + 𝜎𝑗)
]

3

 (A.26) 

where Ai and Bi denote the association site of the ith molecule, Mi is the total number of association 

sites, NAV is Avogadro’s number, κAB is the volume of interaction between sites A and B, and ϵAB is 

the association energy of interaction between sites A and B. All these parameters can be obtained 

either from the literature or from regressing experimental data [113]. 
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Appendix B Data 

Table B.1: IL cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[aPy][Tf₂N] 543 273.15 1,539.08 0.05888 1.013×10-5 155.986 0.182 40.00 0 256 57,797,343 23,446,613 7.80 59,069,537 25,487,659 8.16 

[aPy][Tf₂N] 543 278.15 1,533.27 0.05075 1.013×10-5 140.550 0.237 40.00 0 256 59,320,064 23,702,730 7.92 60,133,962 25,312,438 8.20 

[aPy][Tf₂N] 543 283.15 1,527.58 0.04375 1.013×10-5 127.152 0.300 40.00 0 256 61,147,689 24,064,163 8.07 61,473,732 25,320,086 8.29 

[aPy][Tf₂N] 543 288.15 1,522.01 0.03771 1.013×10-5 115.473 0.373 40.00 0 256 63,191,383 24,507,141 8.25 63,152,931 25,558,409 8.46 

[aPy][Tf₂N] 543 293.15 1,516.54 0.03251 1.013×10-5 105.247 0.456 40.00 0 256 65,184,509 25,069,259 8.45 65,201,235 26,036,286 8.69 

[aPy][Tf₂N] 543 298.15 1,511.17 0.02802 1.013×10-5 96.257 0.552 40.00 0 256 67,913,180 25,789,512 8.72 67,618,363 26,717,539 8.98 

[aPy][Tf₂N] 543 303.15 1,505.90 0.02415 1.013×10-5 88.325 0.660 40.00 0 256 70,719,977 26,713,347 9.05 70,390,826 27,535,708 9.32 

[aPy][Tf₂N] 543 308.15 1,500.72 0.02082 1.013×10-5 81.300 0.783 40.00 0 256 73,288,179 27,996,850 9.46 73,517,260 28,425,083 9.68 

[aPy][Tf₂N] 543 313.15 1,495.63 0.01795 1.013×10-5 75.056 0.920 40.00 0 256 76,707,536 29,651,128 9.99 77,024,426 29,354,162 10.05 

[aPy][Tf₂N] 543 318.15 1,490.62 0.01547 1.013×10-5 69.488 1.073 40.00 0 256 81,108,256 31,772,445 10.66 80,977,549 30,346,336 10.45 

[aPy][Tf₂N] 543 323.15 1,485.70 0.01334 1.013×10-5 64.508 1.244 40.00 0 256 87,059,061 34,586,590 11.57 85,484,200 31,485,290 10.91 

[aPy][Tf₂N] 543 273.15 1,539.08 0.05888 1.013×10-5 155.986 0.182 40.00 0 102 58,534,851 24,342,529 8.05 58,638,064 25,795,447 8.22 

[aPy][Tf₂N] 543 278.15 1,533.27 0.05075 1.013×10-5 140.550 0.237 40.00 0 102 60,073,345 24,561,514 8.16 59,863,677 25,694,972 8.29 

[aPy][Tf₂N] 543 283.15 1,527.58 0.04375 1.013×10-5 127.152 0.300 40.00 0 102 61,750,843 24,838,416 8.28 61,380,017 25,788,748 8.41 

[aPy][Tf₂N] 543 288.15 1,522.01 0.03771 1.013×10-5 115.473 0.373 40.00 0 102 63,329,641 25,240,827 8.44 63,243,641 26,120,516 8.60 

[aPy][Tf₂N] 543 293.15 1,516.54 0.03251 1.013×10-5 105.247 0.456 40.00 0 102 65,570,125 25,695,966 8.62 65,476,214 26,691,672 8.86 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[aPy][Tf₂N] 543 298.15 1,511.17 0.02802 1.013×10-5 96.257 0.552 40.00 0 102 67,813,988 26,336,371 8.86 68,071,712 27,457,964 9.18 

[aPy][Tf₂N] 543 303.15 1,505.90 0.02415 1.013×10-5 88.325 0.660 40.00 0 102 70,362,323 27,165,911 9.15 71,014,624 28,347,891 9.54 

[aPy][Tf₂N] 543 308.15 1,500.72 0.02082 1.013×10-5 81.300 0.783 40.00 0 102 72,243,685 28,374,715 9.52 74,305,195 29,295,985 9.92 

[aPy][Tf₂N] 543 313.15 1,495.63 0.01795 1.013×10-5 75.056 0.920 40.00 0 102 75,399,171 29,962,424 10.02 77,974,411 30,275,874 10.31 

[aPy][Tf₂N] 543 318.15 1,490.62 0.01547 1.013×10-5 69.488 1.073 40.00 0 102 79,509,722 32,016,612 10.67 82,093,469 31,318,976 10.73 

[aPy][Tf₂N] 543 323.15 1,485.70 0.01334 1.013×10-5 64.508 1.244 40.00 0 102 85,155,461 34,729,773 11.54 86,777,428 32,517,915 11.20 

[bmim][BF₄] 543 273.15 1,227.77 0.42161 1.013×10-5 144.745 0.777 18.11 0 256 59,385,870 25,138,456 8.28 57,009,405 27,494,431 8.64 

[bmim][BF₄] 543 278.15 1,223.42 0.30683 1.013×10-5 129.823 0.819 18.11 0 256 60,755,698 25,211,330 8.34 60,492,333 26,426,416 8.39 

[bmim][BF₄] 543 283.15 1,219.17 0.22717 1.013×10-5 116.906 0.859 18.11 0 256 62,390,995 25,737,399 8.54 58,931,974 24,493,835 7.76 

[bmim][BF₄] 543 288.15 1,215.02 0.17093 1.013×10-5 105.675 0.896 18.11 0 256 64,528,363 26,041,036 8.68 60,630,029 24,371,354 7.74 

[bmim][BF₄] 543 293.15 1,210.96 0.13059 1.013×10-5 95.870 0.931 18.11 0 256 66,344,499 26,502,415 8.85 64,724,538 26,154,510 8.30 

[bmim][BF₄] 543 298.15 1,206.98 0.10122 1.013×10-5 87.275 0.963 18.11 0 256 67,990,245 27,019,727 9.04 67,928,290 28,271,183 8.91 

[bmim][BF₄] 543 303.15 1,203.08 0.07953 1.013×10-5 79.714 0.993 18.11 0 256 69,879,092 27,611,857 9.25 69,893,512 29,753,559 9.34 

[bmim][BF₄] 543 308.15 1,199.25 0.06329 1.013×10-5 73.036 1.021 18.11 0 256 71,050,786 28,356,535 9.47 70,987,990 30,390,884 9.54 

[bmim][BF₄] 543 313.15 1,195.49 0.05099 1.013×10-5 67.119 1.047 18.11 0 256 72,320,742 29,282,878 9.75 72,097,417 30,460,285 9.64 

[bmim][BF₄] 543 318.15 1,191.80 0.04155 1.013×10-5 61.858 1.071 18.11 0 256 74,555,614 30,297,510 10.08 74,376,222 30,401,471 9.78 

[bmim][BF₄] 543 323.15 1,188.18 0.03423 1.013×10-5 57.166 1.093 18.11 0 256 76,890,621 31,471,504 10.45 77,857,707 30,461,296 10.04 

[bmim][BF₄] 543 273.15 1,227.77 0.42161 1.013×10-5 144.745 0.777 18.11 0 102 59,825,463 25,713,943 8.44 60,588,993 27,843,542 8.84 

[bmim][BF₄] 543 278.15 1,223.42 0.30683 1.013×10-5 129.823 0.819 18.11 0 102 64,164,007 27,439,189 9.01 60,194,905 25,450,169 8.14 

[bmim][BF₄] 543 283.15 1,219.17 0.22717 1.013×10-5 116.906 0.859 18.11 0 102 65,709,534 27,652,922 9.12 57,723,548 22,715,213 7.34 

[bmim][BF₄] 543 288.15 1,215.02 0.17093 1.013×10-5 105.675 0.896 18.11 0 102 67,629,722 28,394,739 9.37 64,786,460 24,086,416 7.91 

[bmim][BF₄] 543 293.15 1,210.96 0.13059 1.013×10-5 95.870 0.931 18.11 0 102 69,915,941 28,883,954 9.57 69,877,544 27,755,758 8.98 

[bmim][BF₄] 543 298.15 1,206.98 0.10122 1.013×10-5 87.275 0.963 18.11 0 102 71,606,316 29,438,405 9.76 71,698,813 31,333,547 9.90 

[bmim][BF₄] 543 303.15 1,203.08 0.07953 1.013×10-5 79.714 0.993 18.11 0 102 73,412,120 29,922,870 9.94 72,036,477 33,647,333 10.47 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[bmim][BF₄] 543 308.15 1,199.25 0.06329 1.013×10-5 73.036 1.021 18.11 0 102 73,999,672 30,537,329 10.12 71,878,337 34,524,459 10.68 

[bmim][BF₄] 543 313.15 1,195.49 0.05099 1.013×10-5 67.119 1.047 18.11 0 102 75,147,404 31,258,724 10.34 71,997,846 34,320,960 10.65 

[bmim][BF₄] 543 318.15 1,191.80 0.04155 1.013×10-5 61.858 1.071 18.11 0 102 76,462,725 32,102,937 10.59 73,724,879 33,640,265 10.59 

[bmim][BF₄] 543 323.15 1,188.18 0.03423 1.013×10-5 57.166 1.093 18.11 0 102 78,088,459 33,077,854 10.89 78,326,976 33,045,897 10.70 

[bmim][MeSO₄] 543 273.15 1,225.86 0.99956 1.013×10-5 92.609 0.561 18.14 0 256 95,239,802 36,930,192 12.43 95,173,748 35,717,011 12.11 

[bmim][MeSO₄] 543 278.15 1,222.31 0.70268 1.013×10-5 83.194 0.589 18.14 0 256 94,408,680 35,726,264 12.10 94,617,894 36,950,715 12.46 

[bmim][MeSO₄] 543 283.15 1,218.81 0.50374 1.013×10-5 75.056 0.617 18.14 0 256 93,357,868 35,133,648 11.91 93,346,347 37,856,690 12.63 

[bmim][MeSO₄] 543 288.15 1,215.35 0.36784 1.013×10-5 67.990 0.644 18.14 0 256 93,178,205 34,797,763 11.82 92,619,272 37,416,801 12.42 

[bmim][MeSO₄] 543 293.15 1,211.95 0.27331 1.013×10-5 61.826 0.670 18.14 0 256 94,284,143 34,492,613 11.78 94,552,671 36,342,363 12.11 

[bmim][MeSO₄] 543 298.15 1,208.59 0.20643 1.013×10-5 56.425 0.695 18.14 0 256 94,727,728 34,804,271 11.88 97,238,083 35,658,420 11.93 

[bmim][MeSO₄] 543 303.15 1,205.28 0.15835 1.013×10-5 51.673 0.720 18.14 0 256 97,059,310 35,021,324 12.01 98,071,964 35,532,016 11.87 

[bmim][MeSO₄] 543 308.15 1,202.01 0.12325 1.013×10-5 47.477 0.745 18.14 0 256 97,142,375 35,898,231 12.23 97,999,169 35,974,356 11.97 

[bmim][MeSO₄] 543 313.15 1,198.78 0.09727 1.013×10-5 43.756 0.769 18.14 0 256 98,849,623 37,014,941 12.57 98,148,834 36,850,347 12.24 

[bmim][MeSO₄] 543 318.15 1,195.59 0.07777 1.013×10-5 40.447 0.792 18.14 0 256 102,321,234 38,300,925 13.01 98,577,662 37,985,513 12.62 

[bmim][MeSO₄] 543 323.15 1,192.44 0.06296 1.013×10-5 37.492 0.815 18.14 0 256 105,771,598 39,920,934 13.53 99,028,763 39,336,161 13.10 

[bmim][MeSO₄] 543 273.15 1,225.86 0.99956 1.013×10-5 92.609 0.561 18.14 0 102 93,938,840 37,428,473 12.51 96,399,461 36,199,523 12.27 

[bmim][MeSO₄] 543 278.15 1,222.31 0.70268 1.013×10-5 83.194 0.589 18.14 0 102 95,935,871 37,421,699 12.57 96,549,542 37,649,762 12.69 

[bmim][MeSO₄] 543 283.15 1,218.81 0.50374 1.013×10-5 75.056 0.617 18.14 0 102 97,446,869 37,552,176 12.66 96,269,034 38,554,126 12.89 

[bmim][MeSO₄] 543 288.15 1,215.35 0.36784 1.013×10-5 67.990 0.644 18.14 0 102 98,513,979 37,912,985 12.78 98,018,091 37,915,460 12.70 

[bmim][MeSO₄] 543 293.15 1,211.95 0.27331 1.013×10-5 61.826 0.670 18.14 0 102 100,572,629 38,052,152 12.89 103,290,428 36,809,246 12.47 

[bmim][MeSO₄] 543 298.15 1,208.59 0.20643 1.013×10-5 56.425 0.695 18.14 0 102 102,278,401 38,386,968 13.03 105,621,244 35,921,020 12.22 

[bmim][MeSO₄] 543 303.15 1,205.28 0.15835 1.013×10-5 51.673 0.720 18.14 0 102 104,118,126 38,845,868 13.20 104,031,752 35,680,907 12.05 

[bmim][MeSO₄] 543 308.15 1,202.01 0.12325 1.013×10-5 47.477 0.745 18.14 0 102 104,623,304 39,612,723 13.41 102,790,388 36,408,253 12.18 

[bmim][MeSO₄] 543 313.15 1,198.78 0.09727 1.013×10-5 43.756 0.769 18.14 0 102 105,961,806 40,612,162 13.71 103,515,288 37,787,510 12.60 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[bmim][MeSO₄] 543 318.15 1,195.59 0.07777 1.013×10-5 40.447 0.792 18.14 0 102 107,592,230 41,853,459 14.07 105,798,572 39,420,058 13.17 

[bmim][MeSO₄] 543 323.15 1,192.44 0.06296 1.013×10-5 37.492 0.815 18.14 0 102 110,895,415 43,208,642 14.52 108,473,926 41,063,506 13.80 

[bmim][PF₆] 543 273.15 1,388.74 1.37450 1.013×10-5 158.544 0.933 14.65 0 256 69,277,067 30,557,529 9.97 65,697,468 28,371,079 9.16 

[bmim][PF₆] 543 278.15 1,383.99 0.96583 1.013×10-5 141.606 0.960 14.65 0 256 69,636,542 30,008,605 9.84 68,254,648 28,856,708 9.43 

[bmim][PF₆] 543 283.15 1,379.34 0.69086 1.013×10-5 127.020 0.987 14.65 0 256 70,423,379 30,009,054 9.88 70,155,947 29,256,586 9.66 

[bmim][PF₆] 543 288.15 1,374.77 0.50253 1.013×10-5 114.400 1.014 14.65 0 256 71,018,875 29,787,557 9.83 71,348,382 29,595,537 9.84 

[bmim][PF₆] 543 293.15 1,370.30 0.37138 1.013×10-5 103.431 1.041 14.65 0 256 71,824,830 29,827,710 9.87 72,154,409 29,923,754 10.00 

[bmim][PF₆] 543 298.15 1,365.90 0.27859 1.013×10-5 93.857 1.068 14.65 0 256 72,911,654 29,995,113 9.95 73,028,217 30,276,053 10.17 

[bmim][PF₆] 543 303.15 1,361.59 0.21196 1.013×10-5 85.465 1.095 14.65 0 256 74,194,884 30,297,633 10.06 74,054,094 30,656,319 10.35 

[bmim][PF₆] 543 308.15 1,357.35 0.16344 1.013×10-5 78.082 1.122 14.65 0 256 74,727,118 30,910,346 10.24 75,053,021 31,087,858 10.56 

[bmim][PF₆] 543 313.15 1,353.18 0.12763 1.013×10-5 71.562 1.150 14.65 0 256 75,743,254 31,805,525 10.49 75,984,618 31,660,110 10.81 

[bmim][PF₆] 543 318.15 1,349.09 0.10087 1.013×10-5 65.784 1.178 14.65 0 256 77,640,701 32,865,243 10.82 77,172,807 32,534,124 11.15 

[bmim][PF₆] 543 323.15 1,345.05 0.08063 1.013×10-5 60.646 1.207 14.65 0 256 79,731,937 34,117,714 11.21 79,249,062 33,906,909 11.65 

[bmim][PF₆] 543 273.15 1,388.74 1.37450 1.013×10-5 158.544 0.933 14.65 0 102 65,755,431 29,063,202 9.47 65,613,663 28,409,182 9.16 

[bmim][PF₆] 543 278.15 1,383.99 0.96583 1.013×10-5 141.606 0.960 14.65 0 102 67,633,185 29,780,169 9.72 68,055,278 28,914,298 9.44 

[bmim][PF₆] 543 283.15 1,379.34 0.69086 1.013×10-5 127.020 0.987 14.65 0 102 69,894,622 30,434,112 9.96 69,985,512 29,361,985 9.68 

[bmim][PF₆] 543 288.15 1,374.77 0.50253 1.013×10-5 114.400 1.014 14.65 0 102 71,897,976 31,019,756 10.17 71,399,499 29,782,108 9.89 

[bmim][PF₆] 543 293.15 1,370.30 0.37138 1.013×10-5 103.431 1.041 14.65 0 102 73,519,874 31,670,700 10.39 72,667,521 30,221,069 10.09 

[bmim][PF₆] 543 298.15 1,365.90 0.27859 1.013×10-5 93.857 1.068 14.65 0 102 75,850,954 32,041,159 10.56 74,235,322 30,695,372 10.31 

[bmim][PF₆] 543 303.15 1,361.59 0.21196 1.013×10-5 85.465 1.095 14.65 0 102 77,323,572 32,730,854 10.78 76,050,845 31,182,671 10.55 

[bmim][PF₆] 543 308.15 1,357.35 0.16344 1.013×10-5 78.082 1.122 14.65 0 102 77,906,918 33,545,409 11.00 77,737,007 31,687,652 10.80 

[bmim][PF₆] 543 313.15 1,353.18 0.12763 1.013×10-5 71.562 1.150 14.65 0 102 78,864,290 34,493,034 11.27 79,094,313 32,296,260 11.07 

[bmim][PF₆] 543 318.15 1,349.09 0.10087 1.013×10-5 65.784 1.178 14.65 0 102 80,666,008 35,521,524 11.59 80,394,222 33,183,100 11.42 

[bmim][PF₆] 543 323.15 1,345.05 0.08063 1.013×10-5 60.646 1.207 14.65 0 102 82,522,272 36,738,615 11.96 82,342,988 34,573,521 11.93 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[bmim][Tf₂N] 543 273.15 1,462.11 0.18866 1.013×10-5 173.450 1.277 14.37 0 256 53,549,102 24,617,330 7.95 54,264,510 27,841,919 8.45 

[bmim][Tf₂N] 543 278.15 1,456.64 0.14035 1.013×10-5 156.328 1.324 14.37 0 256 54,799,194 24,836,033 8.05 54,556,889 27,905,217 8.52 

[bmim][Tf₂N] 543 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 56,067,963 25,180,744 8.18 55,840,746 28,036,027 8.65 

[bmim][Tf₂N] 543 288.15 1,446.02 0.08213 1.013×10-5 128.502 1.415 14.37 0 256 57,454,586 25,678,446 8.35 57,760,428 28,216,305 8.82 

[bmim][Tf₂N] 543 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 58,962,447 26,309,434 8.56 59,895,046 28,430,034 9.01 

[bmim][Tf₂N] 543 298.15 1,435.82 0.05139 1.013×10-5 107.166 1.502 14.37 0 256 60,820,841 27,075,423 8.81 61,827,853 28,669,107 9.21 

[bmim][Tf₂N] 543 303.15 1,430.85 0.04158 1.013×10-5 98.354 1.544 14.37 0 256 62,554,578 28,009,985 9.10 63,309,401 28,957,809 9.40 

[bmim][Tf₂N] 543 308.15 1,425.98 0.03412 1.013×10-5 90.546 1.586 14.37 0 256 63,897,685 29,206,686 9.45 64,399,115 29,374,602 9.63 

[bmim][Tf₂N] 543 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 65,720,438 30,621,484 9.86 65,487,012 30,051,294 9.92 

[bmim][Tf₂N] 543 318.15 1,416.47 0.02389 1.013×10-5 77.411 1.667 14.37 0 256 68,055,775 32,236,245 10.35 67,174,114 31,142,530 10.33 

[bmim][Tf₂N] 543 323.15 1,411.84 0.02036 1.013×10-5 71.869 1.706 14.37 0 256 70,764,190 34,079,236 10.90 70,055,376 32,773,912 10.92 

[bmim][Tf₂N] 543 273.15 1,462.11 0.18866 1.013×10-5 173.450 1.277 14.37 0 102 54,253,114 25,453,953 8.19 54,233,635 28,055,229 8.51 

[bmim][Tf₂N] 543 278.15 1,456.64 0.14035 1.013×10-5 156.328 1.324 14.37 0 102 55,486,293 25,844,115 8.33 54,547,779 28,161,284 8.59 

[bmim][Tf₂N] 543 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 102 56,954,234 26,236,092 8.47 55,734,955 28,297,216 8.72 

[bmim][Tf₂N] 543 288.15 1,446.02 0.08213 1.013×10-5 128.502 1.415 14.37 0 102 58,333,066 26,744,103 8.65 57,530,974 28,464,525 8.88 

[bmim][Tf₂N] 543 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 102 59,678,773 27,366,713 8.85 59,614,051 28,669,428 9.07 

[bmim][Tf₂N] 543 298.15 1,435.82 0.05139 1.013×10-5 107.166 1.502 14.37 0 102 61,272,336 28,068,087 9.08 61,586,816 28,914,916 9.26 

[bmim][Tf₂N] 543 303.15 1,430.85 0.04158 1.013×10-5 98.354 1.544 14.37 0 102 62,949,025 28,911,548 9.34 63,149,354 29,226,953 9.47 

[bmim][Tf₂N] 543 308.15 1,425.98 0.03412 1.013×10-5 90.546 1.586 14.37 0 102 63,579,206 29,751,725 9.57 64,314,509 29,686,412 9.71 

[bmim][Tf₂N] 543 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 102 65,591,775 31,335,540 10.04 65,484,674 30,434,462 10.02 

[bmim][Tf₂N] 543 318.15 1,416.47 0.02389 1.013×10-5 77.411 1.667 14.37 0 102 67,321,397 32,895,255 10.49 67,326,619 31,638,775 10.47 

[bmim][Tf₂N] 543 323.15 1,411.84 0.02036 1.013×10-5 71.869 1.706 14.37 0 102 70,284,472 34,629,861 11.02 70,505,307 33,432,904 11.11 

[bmim][Tf₂N] 443 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 47,951,444 20,854,546 8.37 45,023,658 23,422,334 7.86 

[bmim][Tf₂N] 443 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 50,247,133 21,764,306 8.74 47,844,406 22,695,098 7.97 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[bmim][Tf₂N] 443 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 55,723,355 25,206,464 10.02 42,120,604 20,088,302 7.55 

[bmim][Tf₂N] 343 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 39,706,919 16,491,988 8.65 37,653,005 20,575,013 8.23 

[bmim][Tf₂N] 343 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 41,497,050 17,136,463 9.00 41,371,806 19,693,559 8.49 

[bmim][Tf₂N] 343 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 45,257,260 19,824,157 10.26 35,547,835 17,253,155 8.26 

[bmim][Tf₂N] 216 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 28,693,362 11,048,377 9.36 28,255,021 15,714,324 9.63 

[bmim][Tf₂N] 216 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 29,701,366 11,384,592 9.65 32,203,713 14,715,774 10.16 

[bmim][Tf₂N] 216 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 31,886,275 12,994,017 10.85 31,930,381 14,453,637 10.79 

[bmim][Tf₂N] 136 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 21,289,724 7,474,264 10.28 20,680,578 10,837,951 10.93 

[bmim][Tf₂N] 136 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 21,826,168 7,702,261 10.58 23,304,975 9,657,085 11.61 

[bmim][Tf₂N] 136 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 23,034,461 8,586,515 11.62 25,914,298 11,205,024 12.72 

[bmim][Tf₂N] 86 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 16,192,041 5,316,273 11.81 15,404,705 6,725,389 11.90 

[bmim][Tf₂N] 86 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 16,446,895 5,390,809 11.98 16,695,763 5,380,492 12.62 

[bmim][Tf₂N] 86 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 16,978,064 5,751,700 12.66 18,734,462 8,003,439 13.86 

[bmim][Tf₂N] 54 283.15 1,451.28 0.10641 1.013×10-5 141.464 1.370 14.37 0 256 12,222,536 3,505,285 12.85 12,177,009 3,637,472 12.54 

[bmim][Tf₂N] 54 293.15 1,440.87 0.06445 1.013×10-5 117.149 1.459 14.37 0 256 12,694,244 3,885,173 13.96 12,587,946 2,176,480 13.27 

[bmim][Tf₂N] 54 313.15 1,421.19 0.02837 1.013×10-5 83.604 1.627 14.37 0 256 12,807,319 4,046,625 14.41 12,732,989 5,413,356 14.50 

[bmPyr][Tf₂N] 543 273.15 1,424.37 0.30652 1.013×10-5 148.798 1.342 32.17 0 256 67,054,340 27,146,564 9.04 66,823,896 28,055,008 8.91 

[bmPyr][Tf₂N] 543 278.15 1,418.93 0.22383 1.013×10-5 131.945 1.381 32.17 0 256 69,304,415 27,632,680 9.23 69,640,432 28,360,272 9.11 

[bmPyr][Tf₂N] 543 283.15 1,413.61 0.16668 1.013×10-5 117.641 1.418 32.17 0 256 71,857,761 28,342,347 9.50 72,482,179 28,887,163 9.36 

[bmPyr][Tf₂N] 543 288.15 1,408.40 0.12644 1.013×10-5 105.431 1.454 32.17 0 256 74,803,583 29,222,337 9.82 75,473,024 29,635,771 9.68 

[bmPyr][Tf₂N] 543 293.15 1,403.29 0.09759 1.013×10-5 94.953 1.490 32.17 0 256 77,975,819 30,338,132 10.20 78,677,282 30,622,854 10.08 

[bmPyr][Tf₂N] 543 298.15 1,398.28 0.07656 1.013×10-5 85.913 1.524 32.17 0 256 81,832,931 31,692,343 10.67 82,160,123 31,876,987 10.56 

[bmPyr][Tf₂N] 543 303.15 1,393.36 0.06100 1.013×10-5 78.078 1.558 32.17 0 256 86,114,536 33,317,453 11.22 86,002,614 33,417,052 11.12 

[bmPyr][Tf₂N] 543 308.15 1,388.53 0.04931 1.013×10-5 71.254 1.591 32.17 0 256 89,982,647 35,377,229 11.87 90,281,268 35,222,225 11.77 

 

 

 



172 

Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[bmPyr][Tf₂N] 543 313.15 1,383.78 0.04042 1.013×10-5 65.286 1.624 32.17 0 256 95,190,676 37,862,083 12.66 95,046,083 37,212,312 12.49 

[bmPyr][Tf₂N] 543 318.15 1,379.11 0.03356 1.013×10-5 60.045 1.655 32.17 0 256 101,501,730 40,729,063 13.59 100,314,084 39,254,031 13.23 

[bmPyr][Tf₂N] 543 323.15 1,374.52 0.02821 1.013×10-5 55.423 1.686 32.17 0 256 108,986,135 44,131,437 14.69 106,083,575 41,198,175 13.97 

[bmPyr][Tf₂N] 543 273.15 1,424.37 0.30652 1.013×10-5 148.798 1.342 32.17 0 102 67,086,438 27,958,341 9.24 66,998,459 28,364,476 8.99 

[bmPyr][Tf₂N] 543 278.15 1,418.93 0.22383 1.013×10-5 131.945 1.381 32.17 0 102 70,107,295 28,794,853 9.55 69,914,178 28,771,281 9.21 

[bmPyr][Tf₂N] 543 283.15 1,413.61 0.16668 1.013×10-5 117.641 1.418 32.17 0 102 73,034,929 29,696,455 9.87 72,852,845 29,425,192 9.50 

[bmPyr][Tf₂N] 543 288.15 1,408.40 0.12644 1.013×10-5 105.431 1.454 32.17 0 102 76,182,235 30,745,538 10.24 75,945,802 30,330,937 9.86 

[bmPyr][Tf₂N] 543 293.15 1,403.29 0.09759 1.013×10-5 94.953 1.490 32.17 0 102 79,654,721 31,968,954 10.67 79,264,369 31,510,319 10.31 

[bmPyr][Tf₂N] 543 298.15 1,398.28 0.07656 1.013×10-5 85.913 1.524 32.17 0 102 83,287,449 33,369,551 11.14 82,882,513 32,994,677 10.85 

[bmPyr][Tf₂N] 543 303.15 1,393.36 0.06100 1.013×10-5 78.078 1.558 32.17 0 102 87,533,966 34,948,711 11.67 86,890,100 34,799,293 11.49 

[bmPyr][Tf₂N] 543 308.15 1,388.53 0.04931 1.013×10-5 71.254 1.591 32.17 0 102 91,079,399 36,958,512 12.30 91,369,672 36,890,545 12.21 

[bmPyr][Tf₂N] 543 313.15 1,383.78 0.04042 1.013×10-5 65.286 1.624 32.17 0 102 95,908,963 39,352,911 13.06 96,373,884 39,168,172 13.01 

[bmPyr][Tf₂N] 543 318.15 1,379.11 0.03356 1.013×10-5 60.045 1.655 32.17 0 102 101,847,369 42,150,101 13.95 101,920,658 41,478,426 13.83 

[bmPyr][Tf₂N] 543 323.15 1,374.52 0.02821 1.013×10-5 55.423 1.686 32.17 0 102 108,438,275 45,412,734 14.99 108,009,321 43,659,340 14.64 

[emim][BF₄] 543 273.15 1,308.90 0.11773 1.013×10-5 92.685 2.183 17.34 0 256 133,980,032 34,896,223 13.21 140,809,816 40,002,919 14.65 

[emim][BF₄] 543 278.15 1,303.63 0.09167 1.013×10-5 89.966 2.281 17.34 0 256 134,065,890 35,078,436 13.25 144,158,997 39,803,476 14.76 

[emim][BF₄] 543 283.15 1,298.53 0.07246 1.013×10-5 86.965 2.372 17.34 0 256 136,489,026 35,396,766 13.41 144,978,064 39,564,147 14.75 

[emim][BF₄] 543 288.15 1,293.59 0.05809 1.013×10-5 83.750 2.456 17.34 0 256 140,316,103 36,041,621 13.70 145,175,448 39,421,963 14.71 

[emim][BF₄] 543 293.15 1,288.80 0.04720 1.013×10-5 80.379 2.533 17.34 0 256 145,484,558 37,020,795 14.12 145,701,817 39,438,728 14.72 

[emim][BF₄] 543 298.15 1,284.13 0.03884 1.013×10-5 76.903 2.604 17.34 0 256 152,112,334 38,386,272 14.68 148,223,252 39,839,437 14.90 

[emim][BF₄] 543 303.15 1,279.59 0.03234 1.013×10-5 73.369 2.670 17.34 0 256 160,089,756 40,186,437 15.40 155,400,983 41,046,176 15.45 

[emim][BF₄] 543 308.15 1,275.16 0.02723 1.013×10-5 69.813 2.730 17.34 0 256 169,159,863 42,559,943 16.30 169,136,392 43,433,465 16.55 

[emim][BF₄] 543 313.15 1,270.83 0.02317 1.013×10-5 66.270 2.784 17.34 0 256 181,552,803 45,510,888 17.44 187,819,619 46,915,860 18.12 

[emim][BF₄] 543 318.15 1,266.60 0.01991 1.013×10-5 62.766 2.834 17.34 0 256 195,240,566 49,096,027 18.80 205,831,686 50,823,766 19.79 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[emim][BF₄] 543 323.15 1,262.46 0.01728 1.013×10-5 59.324 2.879 17.34 0 256 216,736,910 53,447,176 20.61 216,612,635 54,317,931 21.12 

[emim][BF₄] 543 273.15 1,308.90 0.11773 1.013×10-5 92.685 2.183 17.34 0 102 154,310,991 40,372,061 15.25 153,959,200 40,142,664 15.32 

[emim][BF₄] 543 278.15 1,303.63 0.09167 1.013×10-5 89.966 2.281 17.34 0 102 152,778,178 40,712,380 15.29 152,999,612 39,518,048 15.17 

[emim][BF₄] 543 283.15 1,298.53 0.07246 1.013×10-5 86.965 2.372 17.34 0 102 152,961,210 40,407,414 15.22 153,157,670 39,451,169 15.17 

[emim][BF₄] 543 288.15 1,293.59 0.05809 1.013×10-5 83.750 2.456 17.34 0 102 154,308,402 40,406,091 15.26 154,665,990 39,718,690 15.27 

[emim][BF₄] 543 293.15 1,288.80 0.04720 1.013×10-5 80.379 2.533 17.34 0 102 157,099,721 40,787,247 15.45 156,719,621 40,132,664 15.42 

[emim][BF₄] 543 298.15 1,284.13 0.03884 1.013×10-5 76.903 2.604 17.34 0 102 161,079,306 41,639,630 15.80 158,687,543 40,626,315 15.59 

[emim][BF₄] 543 303.15 1,279.59 0.03234 1.013×10-5 73.369 2.670 17.34 0 102 166,792,565 42,909,170 16.31 161,106,863 41,334,246 15.84 

[emim][BF₄] 543 308.15 1,275.16 0.02723 1.013×10-5 69.813 2.730 17.34 0 102 172,772,304 44,851,633 16.99 166,354,504 42,678,057 16.36 

[emim][BF₄] 543 313.15 1,270.83 0.02317 1.013×10-5 66.270 2.784 17.34 0 102 182,995,129 47,346,497 17.95 177,526,357 45,221,427 17.41 

[emim][BF₄] 543 318.15 1,266.60 0.01991 1.013×10-5 62.766 2.834 17.34 0 102 195,120,896 50,570,664 19.17 194,943,412 49,160,165 19.05 

[emim][BF₄] 543 323.15 1,262.46 0.01728 1.013×10-5 59.324 2.879 17.34 0 102 213,410,050 54,585,824 20.78 213,615,457 53,906,829 20.96 

[emim][Tf₂N] 543 273.15 1,548.40 0.08335 1.013×10-5 185.117 1.144 30.38 0 256 53,433,751 23,009,283 7.55 53,673,447 23,407,461 7.96 

[emim][Tf₂N] 543 278.15 1,542.17 0.06841 1.013×10-5 164.419 1.191 30.38 0 256 55,136,612 23,289,160 7.67 56,555,447 23,362,218 8.12 

[emim][Tf₂N] 543 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 56,790,710 23,699,701 7.83 59,166,860 23,340,605 8.29 

[emim][Tf₂N] 543 288.15 1,530.14 0.04728 1.013×10-5 131.061 1.281 30.38 0 256 58,698,254 24,195,084 8.02 61,361,058 23,381,179 8.46 

[emim][Tf₂N] 543 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 60,788,068 24,823,301 8.25 63,141,241 23,551,917 8.64 

[emim][Tf₂N] 543 298.15 1,518.62 0.03371 1.013×10-5 105.813 1.367 30.38 0 256 63,187,485 25,611,598 8.52 64,654,263 23,930,806 8.87 

[emim][Tf₂N] 543 303.15 1,513.04 0.02877 1.013×10-5 95.498 1.409 30.38 0 256 65,941,836 26,558,271 8.85 66,116,150 24,571,372 9.16 

[emim][Tf₂N] 543 308.15 1,507.57 0.02472 1.013×10-5 86.428 1.450 30.38 0 256 67,959,211 27,760,232 9.22 67,707,263 25,472,125 9.51 

[emim][Tf₂N] 543 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 70,830,363 29,232,701 9.69 69,503,819 26,571,484 9.91 

[emim][Tf₂N] 543 318.15 1,496.94 0.01858 1.013×10-5 71.345 1.529 30.38 0 256 74,481,598 30,993,413 10.25 71,476,161 27,771,107 10.34 

[emim][Tf₂N] 543 323.15 1,491.77 0.01625 1.013×10-5 65.062 1.567 30.38 0 256 79,861,526 33,046,569 10.94 73,535,981 28,970,866 10.76 

[emim][Tf₂N] 543 273.15 1,548.40 0.08335 1.013×10-5 185.117 1.144 30.38 0 102 53,950,988 23,649,712 7.72 51,132,849 23,190,346 7.81 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[emim][Tf₂N] 543 278.15 1,542.17 0.06841 1.013×10-5 164.419 1.191 30.38 0 102 55,503,614 23,958,433 7.85 53,965,619 23,174,136 7.98 

[emim][Tf₂N] 543 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 102 57,207,025 24,343,455 8.01 56,628,658 23,207,744 8.16 

[emim][Tf₂N] 543 288.15 1,530.14 0.04728 1.013×10-5 131.061 1.281 30.38 0 102 59,085,620 24,815,499 8.19 58,982,950 23,332,759 8.36 

[emim][Tf₂N] 543 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 102 60,943,635 25,426,207 8.40 61,036,975 23,616,882 8.58 

[emim][Tf₂N] 543 298.15 1,518.62 0.03371 1.013×10-5 105.813 1.367 30.38 0 102 63,085,065 26,149,150 8.66 62,932,699 24,131,888 8.86 

[emim][Tf₂N] 543 303.15 1,513.04 0.02877 1.013×10-5 95.498 1.409 30.38 0 102 65,625,936 27,025,161 8.96 64,863,296 24,918,492 9.20 

[emim][Tf₂N] 543 308.15 1,507.57 0.02472 1.013×10-5 86.428 1.450 30.38 0 102 67,324,282 28,180,485 9.30 66,968,873 25,958,933 9.60 

[emim][Tf₂N] 543 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 102 70,049,384 29,575,819 9.75 69,278,949 27,177,565 10.04 

[emim][Tf₂N] 543 318.15 1,496.94 0.01858 1.013×10-5 71.345 1.529 30.38 0 102 73,293,689 31,256,762 10.27 71,724,627 28,468,662 10.51 

[emim][Tf₂N] 543 323.15 1,491.77 0.01625 1.013×10-5 65.062 1.567 30.38 0 102 77,450,284 33,285,182 10.92 74,194,482 29,732,211 10.96 

[emim][Tf₂N] 443 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 48,170,313 19,536,643 7.97 47,675,116 19,165,827 7.94 

[emim][Tf₂N] 443 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 51,370,868 20,455,161 8.38 51,635,441 18,938,562 8.33 

[emim][Tf₂N] 443 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 59,220,686 24,046,660 9.81 59,055,808 20,472,661 9.56 

[emim][Tf₂N] 343 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 39,308,799 15,391,414 8.19 38,297,947 15,664,467 8.08 

[emim][Tf₂N] 343 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 41,797,801 16,066,835 8.59 41,764,450 15,283,603 8.56 

[emim][Tf₂N] 343 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 47,660,425 18,828,478 9.99 47,849,683 15,766,880 9.84 

[emim][Tf₂N] 216 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 27,956,733 10,109,438 8.70 27,930,539 11,721,414 8.82 

[emim][Tf₂N] 216 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 29,501,331 10,503,993 9.08 30,184,388 11,239,649 9.43 

[emim][Tf₂N] 216 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 32,877,379 12,225,498 10.45 32,725,727 10,542,848 10.74 

[emim][Tf₂N] 136 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 20,357,138 6,770,468 9.45 21,542,095 9,346,950 9.57 

[emim][Tf₂N] 136 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 21,257,736 7,007,046 9.81 22,814,062 8,749,955 10.21 

[emim][Tf₂N] 136 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 23,285,274 8,018,004 11.09 23,058,986 7,399,054 11.50 

[emim][Tf₂N] 86 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 15,188,017 4,646,101 10.54 17,434,833 7,857,932 10.13 

[emim][Tf₂N] 86 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 15,729,767 4,765,839 10.84 18,067,240 7,167,318 10.78 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[emim][Tf₂N] 86 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 16,858,099 5,375,014 12.04 17,027,187 5,465,762 12.03 

[emim][Tf₂N] 54 283.15 1,536.08 0.05664 1.013×10-5 146.550 1.237 30.38 0 256 11,673,457 3,340,504 12.26 14,800,374 6,917,845 10.51 

[emim][Tf₂N] 54 293.15 1,524.32 0.03978 1.013×10-5 117.583 1.325 30.38 0 256 11,928,580 3,338,223 12.34 15,038,445 6,164,848 11.15 

[emim][Tf₂N] 54 313.15 1,502.21 0.02137 1.013×10-5 78.426 1.490 30.38 0 256 12,524,322 3,680,355 13.39 13,278,143 4,272,962 12.37 

[hmim][(C₂F₅)₃PF₃] 543 273.15 1,581.53 0.39415 1.013×10-5 146.812 1.932 34.16 0 256 60,161,327 25,347,422 8.36 57,453,581 25,787,852 8.33 

[hmim][(C₂F₅)₃PF₃] 543 278.15 1,574.94 0.28121 1.013×10-5 133.861 2.029 34.16 0 256 62,064,883 25,944,386 8.57 61,659,027 26,118,306 8.62 

[hmim][(C₂F₅)₃PF₃] 543 283.15 1,568.50 0.20464 1.013×10-5 122.449 2.131 34.16 0 256 64,487,863 26,644,904 8.83 65,087,281 26,644,372 8.93 

[hmim][(C₂F₅)₃PF₃] 543 288.15 1,562.23 0.15172 1.013×10-5 112.358 2.236 34.16 0 256 66,875,865 27,591,361 9.14 68,112,754 27,511,838 9.30 

[hmim][(C₂F₅)₃PF₃] 543 293.15 1,556.09 0.11447 1.013×10-5 103.406 2.347 34.16 0 256 69,782,317 28,802,665 9.54 71,173,064 28,840,778 9.77 

[hmim][(C₂F₅)₃PF₃] 543 298.15 1,550.09 0.08781 1.013×10-5 95.438 2.461 34.16 0 256 73,321,692 30,372,717 10.06 74,603,654 30,674,988 10.37 

[hmim][(C₂F₅)₃PF₃] 543 303.15 1,544.22 0.06842 1.013×10-5 88.323 2.582 34.16 0 256 77,671,527 32,335,527 10.69 78,551,831 32,964,741 11.09 

[hmim][(C₂F₅)₃PF₃] 543 308.15 1,538.47 0.05410 1.013×10-5 81.953 2.707 34.16 0 256 81,950,303 34,932,400 11.48 82,989,951 35,593,502 11.91 

[hmim][(C₂F₅)₃PF₃] 543 313.15 1,532.83 0.04338 1.013×10-5 76.231 2.838 34.16 0 256 87,674,499 38,162,591 12.49 87,801,766 38,432,280 12.78 

[hmim][(C₂F₅)₃PF₃] 543 318.15 1,527.31 0.03524 1.013×10-5 71.079 2.976 34.16 0 256 94,979,708 42,262,824 13.76 92,878,450 41,390,430 13.68 

[hmim][(C₂F₅)₃PF₃] 543 323.15 1,521.88 0.02899 1.013×10-5 66.426 3.120 34.16 0 256 104,696,424 47,413,694 15.37 98,181,722 44,443,547 14.60 

[hmim][(C₂F₅)₃PF₃] 543 273.15 1,581.53 0.39415 1.013×10-5 146.812 1.932 34.16 0 102 59,598,149 25,600,578 8.40 55,369,330 25,650,944 8.22 

[hmim][(C₂F₅)₃PF₃] 543 278.15 1,574.94 0.28121 1.013×10-5 133.861 2.029 34.16 0 102 62,197,468 26,406,609 8.69 59,403,365 26,021,379 8.52 

[hmim][(C₂F₅)₃PF₃] 543 283.15 1,568.50 0.20464 1.013×10-5 122.449 2.131 34.16 0 102 64,746,011 27,359,258 9.01 62,840,944 26,633,826 8.85 

[hmim][(C₂F₅)₃PF₃] 543 288.15 1,562.23 0.15172 1.013×10-5 112.358 2.236 34.16 0 102 67,309,255 28,491,722 9.38 66,061,362 27,632,859 9.26 

[hmim][(C₂F₅)₃PF₃] 543 293.15 1,556.09 0.11447 1.013×10-5 103.406 2.347 34.16 0 102 70,271,023 29,816,643 9.81 69,481,288 29,126,849 9.78 

[hmim][(C₂F₅)₃PF₃] 543 298.15 1,550.09 0.08781 1.013×10-5 95.438 2.461 34.16 0 102 73,791,430 31,399,340 10.33 73,386,655 31,139,394 10.44 

[hmim][(C₂F₅)₃PF₃] 543 303.15 1,544.22 0.06842 1.013×10-5 88.323 2.582 34.16 0 102 77,879,131 33,390,947 10.96 77,859,594 33,599,250 11.22 

[hmim][(C₂F₅)₃PF₃] 543 308.15 1,538.47 0.05410 1.013×10-5 81.953 2.707 34.16 0 102 81,964,903 35,891,542 11.73 82,811,762 36,374,978 12.09 

[hmim][(C₂F₅)₃PF₃] 543 313.15 1,532.83 0.04338 1.013×10-5 76.231 2.838 34.16 0 102 87,269,811 39,083,202 12.70 88,086,581 39,333,326 13.00 
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Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[hmim][(C₂F₅)₃PF₃] 543 318.15 1,527.31 0.03524 1.013×10-5 71.079 2.976 34.16 0 102 94,191,651 43,118,596 13.94 93,560,441 42,389,133 13.94 

[hmim][(C₂F₅)₃PF₃] 543 323.15 1,521.88 0.02899 1.013×10-5 66.426 3.120 34.16 0 102 103,141,942 48,145,780 15.50 99,202,283 45,529,820 14.90 

[hmim][Tf₂N] 543 273.15 1,391.79 0.29536 1.013×10-5 157.966 1.401 41.50 0 256 70,997,002 27,303,929 9.20 74,193,871 30,458,228 9.80 

[hmim][Tf₂N] 543 278.15 1,387.26 0.21335 1.013×10-5 141.931 1.452 41.50 0 256 73,772,736 27,724,926 9.39 75,501,278 29,390,540 9.59 

[hmim][Tf₂N] 543 283.15 1,382.81 0.15735 1.013×10-5 128.050 1.501 41.50 0 256 76,116,362 28,275,916 9.61 77,059,926 29,119,874 9.60 

[hmim][Tf₂N] 543 288.15 1,378.44 0.11833 1.013×10-5 115.977 1.549 41.50 0 256 78,563,113 28,958,206 9.87 79,101,350 29,404,793 9.77 

[hmim][Tf₂N] 543 293.15 1,374.14 0.09065 1.013×10-5 105.432 1.595 41.50 0 256 81,467,164 29,829,091 10.19 81,669,008 30,095,904 10.07 

[hmim][Tf₂N] 543 298.15 1,369.91 0.07065 1.013×10-5 96.182 1.639 41.50 0 256 84,361,018 30,891,918 10.55 84,706,495 31,085,275 10.46 

[hmim][Tf₂N] 543 303.15 1,365.75 0.05597 1.013×10-5 88.036 1.682 41.50 0 256 88,504,531 32,129,759 11.00 88,127,168 32,263,365 10.93 

[hmim][Tf₂N] 543 308.15 1,361.65 0.04503 1.013×10-5 80.836 1.724 41.50 0 256 92,499,153 33,678,438 11.52 91,849,891 33,496,153 11.42 

[hmim][Tf₂N] 543 313.15 1,357.62 0.03675 1.013×10-5 74.449 1.765 41.50 0 256 95,731,696 35,545,605 12.09 95,813,031 34,635,193 11.90 

[hmim][Tf₂N] 543 318.15 1,353.64 0.03041 1.013×10-5 68.763 1.804 41.50 0 256 101,567,415 37,708,671 12.83 99,979,963 35,553,912 12.33 

[hmim][Tf₂N] 543 323.15 1,349.73 0.02550 1.013×10-5 63.687 1.842 41.50 0 256 111,694,521 40,389,908 13.84 104,339,186 36,185,781 12.70 

[hmim][Tf₂N] 543 273.15 1,391.79 0.29536 1.013×10-5 157.966 1.401 41.50 0 102 71,021,540 27,977,405 9.38 74,172,633 31,040,641 9.94 

[hmim][Tf₂N] 543 278.15 1,387.26 0.21335 1.013×10-5 141.931 1.452 41.50 0 102 74,600,902 28,760,718 9.69 75,316,125 30,067,390 9.75 

[hmim][Tf₂N] 543 283.15 1,382.81 0.15735 1.013×10-5 128.050 1.501 41.50 0 102 76,823,831 29,417,329 9.93 76,750,923 29,990,268 9.79 

[hmim][Tf₂N] 543 288.15 1,378.44 0.11833 1.013×10-5 115.977 1.549 41.50 0 102 79,578,303 30,343,091 10.25 78,746,952 30,557,882 10.03 

[hmim][Tf₂N] 543 293.15 1,374.14 0.09065 1.013×10-5 105.432 1.595 41.50 0 102 82,533,315 31,203,534 10.57 81,349,579 31,602,560 10.42 

[hmim][Tf₂N] 543 298.15 1,369.91 0.07065 1.013×10-5 96.182 1.639 41.50 0 102 85,553,236 32,197,440 10.92 84,487,314 32,988,985 10.92 

[hmim][Tf₂N] 543 303.15 1,365.75 0.05597 1.013×10-5 88.036 1.682 41.50 0 102 89,102,556 33,327,945 11.32 88,055,829 34,571,132 11.49 

[hmim][Tf₂N] 543 308.15 1,361.65 0.04503 1.013×10-5 80.836 1.724 41.50 0 102 91,499,734 34,816,565 11.77 91,960,404 36,174,671 12.08 

[hmim][Tf₂N] 543 313.15 1,357.62 0.03675 1.013×10-5 74.449 1.765 41.50 0 102 95,913,543 36,551,812 12.35 96,131,274 37,617,639 12.64 

[hmim][Tf₂N] 543 318.15 1,353.64 0.03041 1.013×10-5 68.763 1.804 41.50 0 102 100,077,536 38,600,169 13.01 100,528,054 38,756,295 13.13 

[hmim][Tf₂N] 543 323.15 1,349.73 0.02550 1.013×10-5 63.687 1.842 41.50 0 102 105,301,357 41,006,064 13.78 105,138,192 39,525,816 13.54 

 

 

 



177 

Table B.1 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

[omim][Tf₂N] 543 273.15 1,348.02 0.36581 1.013×10-5 147.036 1.461 26.44 0 256 65,880,320 27,411,486 9.06 66,368,036 27,964,335 8.92 

[omim][Tf₂N] 543 278.15 1,342.62 0.26870 1.013×10-5 135.268 1.512 26.44 0 256 66,845,538 27,616,679 9.15 67,005,604 28,085,211 8.96 

[omim][Tf₂N] 543 283.15 1,337.31 0.20076 1.013×10-5 124.968 1.562 26.44 0 256 68,112,456 27,951,945 9.27 67,963,616 28,414,924 9.06 

[omim][Tf₂N] 543 288.15 1,332.09 0.15242 1.013×10-5 115.913 1.610 26.44 0 256 69,607,818 28,413,537 9.44 69,185,826 28,919,526 9.22 

[omim][Tf₂N] 543 293.15 1,326.96 0.11748 1.013×10-5 107.919 1.657 26.44 0 256 71,261,843 28,979,984 9.64 70,483,839 29,570,171 9.44 

[omim][Tf₂N] 543 298.15 1,321.92 0.09185 1.013×10-5 100.834 1.703 26.44 0 256 73,018,908 29,750,395 9.89 71,802,777 30,380,530 9.72 

[omim][Tf₂N] 543 303.15 1,316.95 0.07278 1.013×10-5 94.532 1.747 26.44 0 256 75,054,356 30,594,479 10.17 73,305,887 31,415,731 10.07 

[omim][Tf₂N] 543 308.15 1,312.05 0.05841 1.013×10-5 88.906 1.791 26.44 0 256 76,255,555 31,680,953 10.48 75,337,612 32,769,915 10.54 

[omim][Tf₂N] 543 313.15 1,307.23 0.04744 1.013×10-5 83.867 1.833 26.44 0 256 78,266,084 32,922,500 10.86 78,315,903 34,522,211 11.14 

[omim][Tf₂N] 543 318.15 1,302.47 0.03897 1.013×10-5 79.341 1.874 26.44 0 256 80,585,302 34,271,362 11.27 82,604,446 36,688,484 11.90 

[omim][Tf₂N] 543 323.15 1,297.77 0.03237 1.013×10-5 75.263 1.913 26.44 0 256 83,147,616 35,755,362 11.73 88,428,173 39,193,562 12.80 

[omim][Tf₂N] 543 273.15 1,348.02 0.36581 1.013×10-5 147.036 1.461 26.44 0 102 66,961,430 28,866,730 9.47 67,017,080 28,315,530 9.02 

[omim][Tf₂N] 543 278.15 1,342.62 0.26870 1.013×10-5 135.268 1.512 26.44 0 102 68,867,363 29,014,189 9.56 68,297,999 28,608,179 9.12 

[omim][Tf₂N] 543 283.15 1,337.31 0.20076 1.013×10-5 124.968 1.562 26.44 0 102 70,380,322 29,852,224 9.83 70,077,971 29,160,933 9.29 

[omim][Tf₂N] 543 288.15 1,332.09 0.15242 1.013×10-5 115.913 1.610 26.44 0 102 71,925,162 30,481,049 10.04 72,072,505 29,916,699 9.54 

[omim][Tf₂N] 543 293.15 1,326.96 0.11748 1.013×10-5 107.919 1.657 26.44 0 102 73,630,742 31,108,199 10.25 73,875,423 30,813,519 9.83 

[omim][Tf₂N] 543 298.15 1,321.92 0.09185 1.013×10-5 100.834 1.703 26.44 0 102 75,482,965 31,798,377 10.48 75,316,851 31,843,970 10.17 

[omim][Tf₂N] 543 303.15 1,316.95 0.07278 1.013×10-5 94.532 1.747 26.44 0 102 77,140,648 32,625,849 10.75 76,561,481 33,073,822 10.57 

[omim][Tf₂N] 543 308.15 1,312.05 0.05841 1.013×10-5 88.906 1.791 26.44 0 102 78,315,775 33,552,438 11.02 78,056,401 34,616,021 11.06 

[omim][Tf₂N] 543 313.15 1,307.23 0.04744 1.013×10-5 83.867 1.833 26.44 0 102 79,878,599 34,614,476 11.34 80,385,364 36,573,538 11.70 

[omim][Tf₂N] 543 318.15 1,302.47 0.03897 1.013×10-5 79.341 1.874 26.44 0 102 81,482,312 35,865,140 11.71 84,081,272 38,975,021 12.50 

[omim][Tf₂N] 543 323.15 1,297.77 0.03237 1.013×10-5 75.263 1.913 26.44 0 102 83,780,447 37,165,153 12.10 89,489,921 41,738,691 13.45 
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Table B.2: HC cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

1-Heptene 543 273.15 713.07 0.00048 1,949.477 283.605 3.290 1.39 0 256 57,691,231 416,692,850 107.63 56,786,967 426,299,835 111.42 

1-Heptene 543 278.15 708.81 0.00045 2,614.587 241.835 3.472 1.39 0 256 59,953,580 528,430,588 136.64 59,344,469 548,440,167 143.01 

1-Heptene 543 283.15 704.55 0.00043 3,463.090 208.351 3.651 1.39 0 256 62,557,203 670,501,014 173.45 61,939,739 684,608,506 178.09 

1-Heptene 543 288.15 700.30 0.00040 4,533.320 181.242 3.827 1.39 0 256 65,281,896 851,078,623 220.32 64,793,673 852,851,395 221.33 

1-Heptene 543 293.15 696.04 0.00038 5,868.884 159.089 3.999 1.39 0 256 68,561,969 1,079,838,191 279.65 68,541,104 1,079,804,297 279.65 

1-Heptene 543 298.15 691.77 0.00036 7,518.916 140.830 4.168 1.39 0 256 74,755,521 1,367,354,551 354.15 74,002,026 1,374,183,953 355.36 

1-Heptene 543 273.15 713.07 0.00048 1,949.477 283.605 3.290 1.39 0 102 57,195,254 418,163,458 107.99 56,997,562 415,528,140 108.66 

1-Heptene 543 278.15 708.81 0.00045 2,614.587 241.835 3.472 1.39 0 102 59,499,407 529,846,626 136.74 59,509,981 534,167,044 139.36 

1-Heptene 543 283.15 704.55 0.00043 3,463.090 208.351 3.651 1.39 0 102 62,032,341 672,245,039 173.52 62,068,395 669,315,387 174.17 

1-Heptene 543 288.15 700.30 0.00040 4,533.320 181.242 3.827 1.39 0 102 64,437,947 853,298,405 220.40 64,916,530 839,428,743 217.89 

1-Heptene 543 293.15 696.04 0.00038 5,868.884 159.089 3.999 1.39 0 102 67,848,293 1,082,961,923 280.30 68,694,748 1,071,074,063 277.41 

1-Heptene 543 298.15 691.77 0.00036 7,518.916 140.830 4.168 1.39 0 102 74,106,147 1,370,783,510 355.15 74,198,629 1,372,177,002 354.84 

1-Octene 543 273.15 729.99 0.00065 504.289 174.443 5.083 2.13 0 256 61,662,531 216,082,067 56.44 61,773,542 218,280,940 56.31 

1-Octene 543 278.15 725.87 0.00061 703.177 158.708 5.100 2.13 0 256 64,407,587 278,189,703 72.26 64,326,955 278,745,237 71.79 

1-Octene 543 283.15 721.76 0.00057 966.676 144.987 5.116 2.13 0 256 67,370,268 360,260,523 93.30 67,388,709 358,755,924 92.48 

1-Octene 543 288.15 717.66 0.00054 1,311.263 132.966 5.132 2.13 0 256 70,669,229 467,532,621 120.87 70,866,371 470,306,548 121.47 

1-Octene 543 293.15 713.56 0.00051 1,756.374 122.385 5.148 2.13 0 256 74,220,796 606,673,716 156.98 74,481,498 616,743,593 159.51 

1-Octene 543 298.15 709.48 0.00048 2,324.730 113.030 5.164 2.13 0 256 77,835,899 784,402,984 202.47 77,752,797 782,064,698 202.39 

1-Octene 543 273.15 729.99 0.00065 504.289 174.443 5.083 2.13 0 102 61,231,796 217,270,265 56.73 61,470,170 221,357,934 57.03 

1-Octene 543 278.15 725.87 0.00061 703.177 158.708 5.100 2.13 0 102 63,969,414 279,738,090 72.66 63,865,415 279,879,264 72.02 

1-Octene 543 283.15 721.76 0.00057 966.676 144.987 5.116 2.13 0 102 66,934,740 362,035,564 93.70 66,749,216 357,346,090 92.06 

1-Octene 543 288.15 717.66 0.00054 1,311.263 132.966 5.132 2.13 0 102 70,165,226 469,908,956 121.46 70,047,047 466,346,972 120.40 

1-Octene 543 293.15 713.56 0.00051 1,756.374 122.385 5.148 2.13 0 102 73,606,044 609,604,443 157.80 73,508,820 611,185,424 158.04 

1-Octene 543 298.15 709.48 0.00048 2,324.730 113.030 5.164 2.13 0 102 77,131,074 787,550,763 203.40 76,683,889 776,793,619 200.99 
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Table B.2 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

n-Octane 543 273.15 719.16 0.00071 384.942 187.771 0.448 0.70 0 256 51,395,032 67,350,692 18.66 51,578,109 63,876,718 17.91 

n-Octane 543 278.15 715.06 0.00066 541.426 170.161 0.997 0.70 0 256 55,080,350 84,852,609 23.21 55,274,020 80,331,289 22.12 

n-Octane 543 283.15 710.95 0.00062 750.698 154.883 1.692 0.70 0 256 59,823,221 109,076,185 29.48 59,536,631 106,472,842 28.74 

n-Octane 543 288.15 706.82 0.00058 1,026.909 141.563 2.516 0.70 0 256 65,009,657 142,700,418 38.20 64,953,631 142,906,024 37.94 

n-Octane 543 293.15 702.69 0.00054 1,386.956 129.899 3.394 0.70 0 256 70,693,285 185,055,411 49.01 71,125,384 186,872,823 49.13 

n-Octane 543 298.15 698.54 0.00051 1,850.850 119.639 4.220 0.70 0 256 75,901,849 241,119,003 63.34 75,944,986 245,319,428 64.24 

n-Octane 543 273.15 719.16 0.00071 384.942 187.771 0.448 0.70 0 102 50,993,741 67,661,752 18.72 50,792,171 69,055,593 19.19 

n-Octane 543 278.15 715.06 0.00066 541.426 170.161 0.997 0.70 0 102 54,636,473 85,252,722 23.29 54,315,385 84,845,903 23.22 

n-Octane 543 283.15 710.95 0.00062 750.698 154.883 1.692 0.70 0 102 59,262,241 109,573,377 29.59 58,526,372 109,668,712 29.49 

n-Octane 543 288.15 706.82 0.00058 1,026.909 141.563 2.516 0.70 0 102 64,335,748 143,336,280 38.34 64,004,042 144,052,090 38.17 

n-Octane 543 293.15 702.69 0.00054 1,386.956 129.899 3.394 0.70 0 102 69,986,835 185,841,701 49.19 70,137,668 185,626,103 48.75 

n-Octane 543 298.15 698.54 0.00051 1,850.850 119.639 4.220 0.70 0 102 75,016,099 242,038,666 63.55 74,831,066 242,947,900 63.57 

n-Decane 543 273.15 745.76 0.00127 26.551 111.400 2.131 0.73 0 256 57,251,697 34,166,130 10.47 59,472,909 36,060,724 10.94 

n-Decane 543 278.15 741.83 0.00116 40.421 103.855 2.259 0.73 0 256 59,819,927 37,545,187 11.40 60,587,082 37,007,637 11.19 

n-Decane 543 283.15 737.93 0.00107 60.435 96.953 2.387 0.73 0 256 62,737,867 42,147,137 12.65 62,660,040 39,999,780 11.98 

n-Decane 543 288.15 734.05 0.00099 88.838 90.629 2.516 0.73 0 256 66,027,940 48,241,092 14.30 65,725,948 45,724,969 13.48 

n-Decane 543 293.15 730.19 0.00091 128.513 84.827 2.644 0.73 0 256 69,672,674 56,729,641 16.55 69,652,281 54,785,603 15.83 

n-Decane 543 298.15 726.35 0.00085 183.113 79.494 2.773 0.73 0 256 74,161,424 67,560,478 19.42 74,190,992 67,573,583 19.13 

n-Decane 543 303.15 722.52 0.00079 257.205 74.585 2.902 0.73 0 256 79,256,609 82,558,841 23.35 79,064,793 84,069,938 23.35 

n-Decane 543 308.15 718.70 0.00073 356.421 70.060 3.031 0.73 0 256 84,337,981 102,464,696 28.51 84,041,336 103,600,558 28.33 

n-Decane 543 313.15 714.89 0.00068 487.622 65.884 3.160 0.73 0 256 90,543,433 128,847,998 35.36 88,964,401 124,677,627 33.70 

n-Decane 543 273.15 745.76 0.00127 26.551 111.400 2.131 0.73 0 102 57,437,144 34,906,349 10.66 59,201,543 39,963,451 11.90 

n-Decane 543 278.15 741.83 0.00116 40.421 103.855 2.259 0.73 0 102 59,818,636 38,288,418 11.59 60,069,482 40,738,393 12.10 

n-Decane 543 283.15 737.93 0.00107 60.435 96.953 2.387 0.73 0 102 62,659,485 42,885,193 12.84 61,922,410 43,574,307 12.84 
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Table B.2 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

n-Decane 543 288.15 734.05 0.00099 88.838 90.629 2.516 0.73 0 102 65,749,105 49,056,906 14.49 64,844,536 49,190,269 14.30 

n-Decane 543 293.15 730.19 0.00091 128.513 84.827 2.644 0.73 0 102 69,450,567 57,421,740 16.72 68,745,562 58,198,372 16.63 

n-Decane 543 298.15 726.35 0.00085 183.113 79.494 2.773 0.73 0 102 73,626,088 68,488,299 19.64 73,398,315 70,967,635 19.92 

n-Decane 543 303.15 722.52 0.00079 257.205 74.585 2.902 0.73 0 102 78,730,047 83,375,957 23.54 78,517,752 87,419,009 24.14 

n-Decane 543 308.15 718.70 0.00073 356.421 70.060 3.031 0.73 0 102 83,309,973 103,544,507 28.76 83,836,246 106,790,541 29.09 

n-Decane 543 313.15 714.89 0.00068 487.622 65.884 3.160 0.73 0 102 89,114,591 129,967,509 35.58 89,142,617 127,508,603 34.37 

n-Tetradecane 543 273.15 780.39 0.00367 0.116 110.962 0.376 0.76 0 256 49,045,710 23,710,306 7.58 50,365,325 27,433,854 8.40 

n-Tetradecane 543 278.15 776.30 0.00325 0.214 103.708 0.476 0.76 0 256 50,080,602 24,092,608 7.71 50,510,738 25,082,394 7.83 

n-Tetradecane 543 283.15 772.24 0.00289 0.383 96.989 0.589 0.76 0 256 51,597,418 24,723,155 7.92 51,447,425 23,683,039 7.52 

n-Tetradecane 543 288.15 768.21 0.00259 0.670 90.537 0.712 0.76 0 256 53,617,641 25,738,863 8.24 53,372,875 23,665,074 7.59 

n-Tetradecane 543 293.15 764.20 0.00232 1.144 84.185 0.846 0.76 0 256 56,392,345 27,303,447 8.72 56,420,516 25,383,373 8.15 

n-Tetradecane 543 298.15 760.22 0.00209 1.909 77.843 0.990 0.76 0 256 60,243,007 29,976,870 9.52 60,724,778 29,095,365 9.25 

n-Tetradecane 543 303.15 756.26 0.00188 3.120 71.481 1.143 0.76 0 256 65,756,800 33,717,837 10.64 66,497,523 34,930,995 10.94 

n-Tetradecane 543 308.15 752.31 0.00171 4.998 65.113 1.304 0.76 0 256 73,129,817 40,541,686 12.60 74,005,987 42,847,093 13.22 

n-Tetradecane 543 313.15 748.38 0.00155 7.857 58.782 1.471 0.76 0 256 85,582,696 51,926,629 15.87 83,361,448 52,577,128 16.02 

n-Tetradecane 543 273.15 780.39 0.00367 0.116 110.962 0.376 0.76 0 102 49,958,330 25,116,079 8.08 50,628,502 31,422,782 9.41 

n-Tetradecane 543 278.15 776.30 0.00325 0.214 103.708 0.476 0.76 0 102 50,643,248 25,282,768 8.15 50,601,790 29,053,629 8.83 

n-Tetradecane 543 283.15 772.24 0.00289 0.383 96.989 0.589 0.76 0 102 52,047,999 25,674,893 8.30 51,350,515 27,574,221 8.49 

n-Tetradecane 543 288.15 768.21 0.00259 0.670 90.537 0.712 0.76 0 102 53,667,320 26,498,808 8.56 53,115,428 27,427,454 8.53 

n-Tetradecane 543 293.15 764.20 0.00232 1.144 84.185 0.846 0.76 0 102 56,090,267 27,951,149 9.02 56,076,138 28,974,487 9.04 

n-Tetradecane 543 298.15 760.22 0.00209 1.909 77.843 0.990 0.76 0 102 59,644,946 30,298,973 9.73 60,396,918 32,468,214 10.09 

n-Tetradecane 543 303.15 756.26 0.00188 3.120 71.481 1.143 0.76 0 102 64,849,319 34,189,621 10.89 66,279,694 38,021,992 11.71 

n-Tetradecane 543 308.15 752.31 0.00171 4.998 65.113 1.304 0.76 0 102 71,824,826 40,775,609 12.79 73,925,537 45,568,113 13.90 

n-Tetradecane 543 313.15 748.38 0.00155 7.857 58.782 1.471 0.76 0 102 83,672,010 52,367,761 16.12 83,330,458 54,819,781 16.58 
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Table B.3: OHC cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

1-Hexanol 543 273.15 832.56 0.01049 11.131 128.522 2.137 0.82 0 256 58,837,578 31,021,112 9.88 59,559,462 29,876,218 9.15 

1-Hexanol 543 278.15 828.96 0.00877 18.182 116.280 2.217 0.82 0 256 61,448,186 33,094,993 10.49 61,729,969 31,322,290 9.60 

1-Hexanol 543 283.15 825.38 0.00738 29.107 105.683 2.295 0.82 0 256 64,309,923 35,946,566 11.31 64,078,916 33,563,473 10.25 

1-Hexanol 543 288.15 821.81 0.00625 45.712 96.468 2.373 0.82 0 256 67,054,776 39,590,993 12.33 66,688,068 36,938,249 11.21 

1-Hexanol 543 293.15 818.25 0.00532 70.501 88.419 2.450 0.82 0 256 70,659,612 44,499,901 13.69 69,710,279 41,826,645 12.56 

1-Hexanol 543 298.15 814.69 0.00455 106.878 81.361 2.526 0.82 0 256 74,647,274 50,968,615 15.45 73,301,718 48,652,283 14.42 

1-Hexanol 543 303.15 811.13 0.00392 159.397 75.147 2.602 0.82 0 256 79,265,903 59,730,923 17.81 77,486,344 57,875,922 16.90 

1-Hexanol 543 308.15 807.58 0.00339 234.058 69.657 2.677 0.82 0 256 83,139,847 71,671,156 20.95 82,005,189 69,958,379 20.10 

1-Hexanol 543 313.15 804.01 0.00294 338.647 64.790 2.752 0.82 0 256 88,158,459 87,697,601 25.14 86,235,890 85,249,692 24.09 

1-Hexanol 543 273.15 832.56 0.01049 11.131 128.522 2.137 0.82 0 102 58,624,690 31,566,954 9.86 60,277,883 32,360,325 9.80 

1-Hexanol 543 278.15 828.96 0.00877 18.182 116.280 2.217 0.82 0 102 61,109,979 33,586,475 10.46 62,583,136 34,012,659 10.30 

1-Hexanol 543 283.15 825.38 0.00738 29.107 105.683 2.295 0.82 0 102 63,691,388 36,158,247 11.18 65,042,304 36,412,756 11.00 

1-Hexanol 543 288.15 821.81 0.00625 45.712 96.468 2.373 0.82 0 102 66,656,940 39,738,728 12.18 67,719,011 39,889,677 11.98 

1-Hexanol 543 293.15 818.25 0.00532 70.501 88.419 2.450 0.82 0 102 69,950,940 44,614,367 13.51 70,752,810 44,815,274 13.35 

1-Hexanol 543 298.15 814.69 0.00455 106.878 81.361 2.526 0.82 0 102 73,832,017 50,980,385 15.24 74,291,499 51,606,635 15.20 

1-Hexanol 543 303.15 811.13 0.00392 159.397 75.147 2.602 0.82 0 102 78,202,127 59,664,599 17.56 78,351,634 60,719,447 17.64 

1-Hexanol 543 308.15 807.58 0.00339 234.058 69.657 2.677 0.82 0 102 81,851,310 71,500,916 20.66 82,664,116 72,609,361 20.79 

1-Hexanol 543 313.15 804.01 0.00294 338.647 64.790 2.752 0.82 0 102 85,949,677 87,034,782 24.20 86,596,606 87,617,590 24.69 

1-Nonanal 543 273.15 847.37 0.00189 5.418 232.353 3.626 6.62 0 256 51,603,541 33,052,254 10.00 51,787,075 33,973,147 10.36 

1-Nonanal 543 278.15 842.96 0.00177 8.754 206.144 3.653 6.62 0 256 52,987,818 37,164,892 11.08 53,156,672 37,160,707 11.23 

1-Nonanal 543 283.15 838.59 0.00166 13.854 183.852 3.679 6.62 0 256 54,680,505 43,029,023 12.61 54,880,271 42,189,349 12.60 

1-Nonanal 543 288.15 834.25 0.00157 21.504 164.784 3.703 6.62 0 256 56,503,046 51,377,099 14.76 56,852,578 49,892,901 14.65 

1-Nonanal 543 293.15 829.94 0.00148 32.768 148.388 3.727 6.62 0 256 58,564,086 63,166,286 17.79 58,929,105 61,293,284 17.64 

1-Nonanal 543 298.15 825.65 0.00139 49.074 134.218 3.751 6.62 0 256 60,913,234 79,699,285 22.02 61,035,726 77,707,472 21.92 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

1-Nonanal 543 303.15 821.38 0.00132 72.298 121.913 3.774 6.62 0 256 63,550,078 102,772,942 27.89 63,266,005 100,901,169 27.92 

1-Nonanal 543 308.15 817.14 0.00125 104.873 111.180 3.796 6.62 0 256 65,812,784 135,103,994 36.07 65,843,999 133,295,381 36.28 

1-Nonanal 543 313.15 812.90 0.00119 149.908 101.778 3.819 6.62 0 256 68,859,871 179,688,492 47.36 68,920,170 178,242,025 47.85 

1-Nonanal 543 318.15 808.68 0.00113 211.320 93.507 3.841 6.62 0 256 72,499,605 240,710,948 62.80 72,326,309 240,369,321 63.81 

1-Nonanal 543 323.15 804.46 0.00107 293.985 86.204 3.864 6.62 0 256 76,783,999 324,650,450 83.99 75,467,463 325,880,798 85.74 

1-Nonanal 543 273.15 847.37 0.00189 5.418 232.353 3.626 6.62 0 102 51,258,450 33,252,961 10.04 51,541,716 37,764,401 11.31 

1-Nonanal 543 278.15 842.96 0.00177 8.754 206.144 3.653 6.62 0 102 52,739,742 37,411,808 11.13 52,721,848 41,087,564 12.21 

1-Nonanal 543 283.15 838.59 0.00166 13.854 183.852 3.679 6.62 0 102 54,366,675 43,371,891 12.68 54,212,509 46,123,653 13.57 

1-Nonanal 543 288.15 834.25 0.00157 21.504 164.784 3.703 6.62 0 102 56,137,409 51,799,262 14.86 55,950,155 53,713,686 15.58 

1-Nonanal 543 293.15 829.94 0.00148 32.768 148.388 3.727 6.62 0 102 58,206,402 63,693,262 17.91 57,858,919 64,886,958 18.51 

1-Nonanal 543 298.15 825.65 0.00139 49.074 134.218 3.751 6.62 0 102 60,500,448 80,378,583 22.17 59,937,192 80,956,824 22.70 

1-Nonanal 543 303.15 821.38 0.00132 72.298 121.913 3.774 6.62 0 102 63,010,907 103,565,597 28.07 62,316,366 103,659,304 28.58 

1-Nonanal 543 308.15 817.14 0.00125 104.873 111.180 3.796 6.62 0 102 65,271,273 136,115,383 36.31 65,193,208 135,342,693 36.77 

1-Nonanal 543 313.15 812.90 0.00119 149.908 101.778 3.819 6.62 0 102 68,167,790 180,986,188 47.66 68,626,689 179,225,060 48.08 

1-Nonanal 543 318.15 808.68 0.00113 211.320 93.507 3.841 6.62 0 102 71,744,784 242,543,277 63.23 72,326,010 239,718,405 63.64 

1-Nonanal 543 323.15 804.46 0.00107 293.985 86.204 3.864 6.62 0 102 75,839,786 326,678,452 84.45 75,587,027 322,706,067 84.92 

1-Octanol 543 273.15 839.03 0.01746 0.670 112.286 2.037 0.82 0 256 64,755,842 33,085,450 10.45 64,288,650 34,278,757 10.43 

1-Octanol 543 278.15 835.34 0.01455 1.199 101.862 2.117 0.82 0 256 67,587,227 35,019,808 11.03 67,187,988 35,839,078 10.93 

1-Octanol 543 283.15 831.68 0.01220 2.093 92.807 2.196 0.82 0 256 71,278,041 37,322,580 11.73 70,252,983 37,820,574 11.56 

1-Octanol 543 288.15 828.04 0.01029 3.571 84.908 2.274 0.82 0 256 75,175,920 40,437,517 12.64 73,571,174 40,363,454 12.34 

1-Octanol 543 293.15 824.41 0.00873 5.963 77.989 2.351 0.82 0 256 80,056,765 44,090,144 13.72 77,344,102 43,577,446 13.31 

1-Octanol 543 298.15 820.81 0.00745 9.756 71.906 2.427 0.82 0 256 85,310,125 48,483,162 14.99 81,837,489 47,530,253 14.50 

1-Octanol 543 303.15 817.21 0.00639 15.654 66.539 2.503 0.82 0 256 91,258,407 54,182,218 16.62 87,257,628 52,238,766 15.91 

1-Octanol 543 308.15 813.62 0.00551 24.657 61.789 2.578 0.82 0 256 96,418,670 61,554,398 18.65 93,598,207 57,667,065 17.53 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

1-Octanol 543 273.15 839.03 0.01746 0.670 112.286 2.037 0.82 0 102 65,279,044 34,565,413 10.84 65,417,368 36,906,596 11.12 

1-Octanol 543 278.15 835.34 0.01455 1.199 101.862 2.117 0.82 0 102 68,096,293 36,384,792 11.39 68,541,637 38,701,153 11.70 

1-Octanol 543 283.15 831.68 0.01220 2.093 92.807 2.196 0.82 0 102 71,307,324 38,571,382 12.04 71,808,132 40,859,576 12.37 

1-Octanol 543 288.15 828.04 0.01029 3.571 84.908 2.274 0.82 0 102 75,122,973 41,336,068 12.86 75,283,077 43,505,059 13.19 

1-Octanol 543 293.15 824.41 0.00873 5.963 77.989 2.351 0.82 0 102 79,723,245 44,858,112 13.90 79,153,757 46,731,513 14.17 

1-Octanol 543 298.15 820.81 0.00745 9.756 71.906 2.427 0.82 0 102 84,073,287 49,153,889 15.12 83,679,426 50,593,879 15.34 

1-Octanol 543 303.15 817.21 0.00639 15.654 66.539 2.503 0.82 0 102 89,822,051 54,678,784 16.70 89,062,824 55,101,047 16.69 

1-Octanol 543 308.15 813.62 0.00551 24.657 61.789 2.578 0.82 0 102 94,535,263 61,084,531 17.95 95,289,978 60,215,211 18.23 

DES 543 273.15 981.14 0.00958 0.000 237.707 1.821 0.96 0 256 46,032,225 22,371,503 7.14 46,464,793 21,423,002 7.15 

DES 543 278.15 976.66 0.00835 0.000 208.496 1.902 0.96 0 256 47,063,018 22,588,443 7.23 47,229,117 22,514,959 7.40 

DES 543 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 48,248,477 23,271,619 7.44 48,237,646 23,536,175 7.62 

DES 543 288.15 967.88 0.00643 0.000 163.013 2.060 0.96 0 256 49,536,476 23,877,331 7.63 49,508,936 24,541,727 7.85 

DES 543 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 51,065,243 24,423,119 7.82 51,063,737 25,617,983 8.10 

DES 543 298.15 959.26 0.00504 0.001 129.990 2.215 0.96 0 256 52,737,666 25,481,511 8.14 52,919,418 26,875,541 8.42 

DES 543 303.15 955.01 0.00449 0.002 116.869 2.291 0.96 0 256 54,646,480 26,893,564 8.56 55,082,963 28,438,918 8.83 

DES 543 308.15 950.80 0.00401 0.005 105.518 2.366 0.96 0 256 56,027,870 28,390,474 8.98 57,546,906 30,434,002 9.37 

DES 543 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 58,154,254 30,368,382 9.55 60,294,133 32,973,989 10.07 

DES 543 318.15 942.45 0.00324 0.018 87.049 2.513 0.96 0 256 60,873,234 32,658,597 10.21 63,317,315 36,143,708 10.95 

DES 543 323.15 938.30 0.00293 0.033 79.510 2.585 0.96 0 256 64,258,423 35,496,063 11.04 66,654,572 39,980,892 12.02 

DES 543 273.15 981.14 0.00958 0.000 237.707 1.821 0.96 0 102 47,781,346 24,120,043 7.64 46,499,636 22,012,955 7.29 

DES 543 278.15 976.66 0.00835 0.000 208.496 1.902 0.96 0 102 48,620,256 24,413,259 7.74 47,289,839 23,200,531 7.56 

DES 543 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 102 49,655,288 24,612,316 7.82 48,332,707 24,305,690 7.80 

DES 543 288.15 967.88 0.00643 0.000 163.013 2.060 0.96 0 102 50,803,575 25,125,902 7.99 49,648,801 25,377,842 8.05 

DES 543 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 102 52,188,152 25,764,187 8.20 51,260,484 26,499,148 8.32 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

DES 543 298.15 959.26 0.00504 0.001 129.990 2.215 0.96 0 102 53,680,350 26,765,950 8.50 53,185,552 27,777,282 8.64 

DES 543 303.15 955.01 0.00449 0.002 116.869 2.291 0.96 0 102 55,529,284 27,925,919 8.85 55,429,534 29,334,427 9.06 

DES 543 308.15 950.80 0.00401 0.005 105.518 2.366 0.96 0 102 56,629,890 29,394,185 9.25 57,981,572 31,293,566 9.60 

DES 543 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 102 58,584,820 31,354,837 9.81 60,820,275 33,762,915 10.28 

DES 543 318.15 942.45 0.00324 0.018 87.049 2.513 0.96 0 102 61,209,999 33,779,399 10.50 63,935,319 36,818,486 11.14 

DES 543 323.15 938.30 0.00293 0.033 79.510 2.585 0.96 0 102 64,432,152 36,438,910 11.28 67,365,317 40,483,329 12.17 

DES 443 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 41,666,950 18,965,920 7.53 41,901,937 19,831,649 7.32 

DES 443 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 44,024,824 20,193,387 8.00 42,940,954 20,758,333 7.45 

DES 443 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 49,831,734 24,976,213 9.71 45,281,324 25,343,507 8.37 

DES 343 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 34,752,435 14,829,300 7.73 35,825,763 16,420,206 7.60 

DES 343 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 36,640,164 15,728,455 8.18 36,851,588 16,904,691 7.69 

DES 343 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 41,233,489 19,374,679 9.87 40,447,519 21,921,895 8.84 

DES 216 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 25,277,028 9,553,512 8.13 25,922,635 11,070,407 8.49 

DES 216 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 26,574,891 10,098,657 8.58 26,959,527 11,012,670 8.64 

DES 216 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 29,625,915 12,445,473 10.31 30,495,637 15,184,602 9.97 

DES 136 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 18,560,595 6,166,700 8.61 18,623,867 7,149,050 9.27 

DES 136 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 19,450,156 6,534,551 9.10 19,483,799 6,771,462 9.48 

DES 136 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 21,517,724 8,002,041 10.84 21,583,834 9,739,444 10.79 

DES 86 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 13,749,571 4,013,069 9.23 13,938,301 4,669,879 9.82 

DES 86 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 14,382,166 4,251,342 9.74 14,622,956 4,152,406 10.06 

DES 86 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 15,801,441 5,203,352 11.55 15,481,045 6,365,443 11.33 

DES 54 283.15 972.25 0.00731 0.000 183.879 1.982 0.96 0 256 10,282,270 2,637,647 10.03 11,044,908 3,164,559 10.17 

DES 54 293.15 963.55 0.00568 0.001 145.228 2.138 0.96 0 256 10,740,914 2,798,615 10.59 11,597,965 2,594,404 10.44 

DES 54 313.15 946.61 0.00360 0.009 95.656 2.440 0.96 0 256 11,720,066 3,405,734 12.44 11,602,249 4,393,496 11.69 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

NBAc 543 273.15 899.97 0.00099 290.859 452.882 3.279 0.88 0 256 43,382,455 55,766,845 15.47 43,646,095 48,450,730 13.93 

NBAc 543 278.15 894.89 0.00091 417.713 404.205 3.412 0.88 0 256 43,940,418 66,923,781 18.32 43,789,139 62,785,852 17.48 

NBAc 543 283.15 889.84 0.00084 590.475 362.464 3.545 0.88 0 256 44,547,591 81,271,752 21.98 44,104,556 81,307,257 22.07 

NBAc 543 288.15 884.82 0.00078 822.346 326.476 3.677 0.88 0 256 45,179,657 99,695,475 26.71 44,638,258 102,907,075 27.45 

NBAc 543 293.15 879.82 0.00072 1129.310 295.285 3.808 0.88 0 256 45,732,362 123,273,086 32.75 45,437,190 125,966,407 33.26 

NBAc 543 298.15 874.83 0.00067 1530.468 268.117 3.937 0.88 0 256 46,329,444 153,449,703 40.44 46,522,761 152,294,493 40.01 

NBAc 543 303.15 869.86 0.00062 2048.384 244.341 4.066 0.88 0 256 46,367,013 191,645,378 50.15 47,876,247 188,743,820 49.44 

NBAc 543 308.15 864.89 0.00058 2709.418 223.437 4.193 0.88 0 256 48,990,581 240,842,045 62.76 49,450,234 239,921,874 62.64 

NBAc 543 313.15 859.93 0.00055 3544.045 204.979 4.319 0.88 0 256 51,528,160 302,214,077 78.19 51,208,232 303,609,181 79.00 

NBAc 543 318.15 854.96 0.00051 4587.157 188.612 4.444 0.88 0 256 53,833,817 379,822,095 97.99 53,223,325 378,723,073 98.25 

NBAc 543 323.15 850.00 0.00048 5878.340 174.038 4.568 0.88 0 256 56,403,075 476,641,200 122.72 55,751,521 472,888,859 122.42 

NBAc 543 273.15 899.97 0.00099 290.859 452.882 3.279 0.88 0 102 43,134,513 55,990,920 15.52 43,654,606 49,828,121 14.26 

NBAc 543 278.15 894.89 0.00091 417.713 404.205 3.412 0.88 0 102 43,714,593 67,142,358 18.36 43,808,286 64,553,066 17.91 

NBAc 543 283.15 889.84 0.00084 590.475 362.464 3.545 0.88 0 102 44,301,487 81,539,651 22.04 44,139,004 83,487,021 22.60 

NBAc 543 288.15 884.82 0.00078 822.346 326.476 3.677 0.88 0 102 44,987,147 99,890,313 26.71 44,694,149 105,498,610 28.09 

NBAc 543 293.15 879.82 0.00072 1129.310 295.285 3.808 0.88 0 102 45,614,424 123,529,256 32.74 45,521,540 128,997,405 34.01 

NBAc 543 298.15 874.83 0.00067 1530.468 268.117 3.937 0.88 0 102 46,158,475 153,769,170 40.41 46,641,043 155,861,750 40.89 

NBAc 543 303.15 869.86 0.00062 2048.384 244.341 4.066 0.88 0 102 46,290,316 192,078,764 50.12 48,028,368 192,854,539 50.46 

NBAc 543 308.15 864.89 0.00058 2709.418 223.437 4.193 0.88 0 102 48,859,584 241,359,194 62.66 49,627,165 244,225,754 63.70 

NBAc 543 313.15 859.93 0.00055 3544.045 204.979 4.319 0.88 0 102 51,131,789 303,531,809 78.50 51,390,985 307,462,600 79.94 

NBAc 543 318.15 854.96 0.00051 4587.157 188.612 4.444 0.88 0 102 53,441,094 381,423,190 98.38 53,377,238 381,541,452 98.90 

NBAc 543 323.15 850.00 0.00048 5878.340 174.038 4.568 0.88 0 102 55,953,393 478,536,511 123.19 55,803,484 474,403,573 122.71 

NPAc 543 273.15 908.64 0.00078 909.410 1,142.829 3.117 0.88 0 256 40,724,664 110,832,813 29.70 40,982,012 97,338,484 26.61 

NPAc 543 278.15 902.75 0.00072 1281.950 994.553 3.261 0.88 0 256 40,833,340 135,825,926 36.36 40,427,816 135,706,664 36.52 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

NPAc 543 283.15 896.93 0.00067 1777.539 869.642 3.402 0.88 0 256 40,776,955 166,638,156 44.74 40,504,274 167,782,968 45.18 

NPAc 543 288.15 891.17 0.00062 2427.206 763.793 3.542 0.88 0 256 40,406,176 204,260,401 55.06 41,144,364 202,149,478 54.79 

NPAc 543 293.15 885.47 0.00058 3267.303 673.594 3.679 0.88 0 256 41,542,153 250,771,586 68.15 41,987,205 248,904,681 67.75 

NPAc 543 298.15 879.81 0.00055 4339.938 596.321 3.814 0.88 0 256 42,766,349 307,132,612 83.52 42,762,652 306,139,477 83.48 

NPAc 543 303.15 874.19 0.00051 5693.353 529.785 3.948 0.88 0 256 43,875,447 374,887,956 101.92 43,522,417 374,680,421 102.30 

NPAc 543 308.15 868.59 0.00048 7382.273 472.217 4.079 0.88 0 256 44,994,955 455,977,026 124.04 44,552,619 460,402,070 125.83 

NPAc 543 313.15 863.02 0.00046 9468.198 422.181 4.208 0.88 0 256 46,166,224 552,706,628 150.59 46,067,898 564,085,620 154.31 

NPAc 543 318.15 857.46 0.00043 12019.650 378.500 4.335 0.88 0 256 47,382,486 667,594,866 182.32 47,594,000 680,278,151 186.09 

NPAc 543 323.15 851.91 0.00041 15112.360 340.210 4.460 0.88 0 256 48,745,669 803,668,246 220.17 48,710,151 804,500,028 219.90 

NPAc 543 273.15 908.64 0.00078 909.410 1,142.829 3.117 0.88 0 102 40,539,480 111,775,351 29.94 40,958,424 97,508,570 26.64 

NPAc 543 278.15 902.75 0.00072 1281.950 994.553 3.261 0.88 0 102 40,719,251 136,805,378 36.62 40,408,776 137,097,180 36.86 

NPAc 543 283.15 896.93 0.00067 1777.539 869.642 3.402 0.88 0 102 40,533,835 167,739,545 45.03 40,501,315 170,860,636 45.94 

NPAc 543 288.15 891.17 0.00062 2427.206 763.793 3.542 0.88 0 102 40,200,831 205,436,992 55.37 41,171,686 206,710,435 55.91 

NPAc 543 293.15 885.47 0.00058 3267.303 673.594 3.679 0.88 0 102 41,243,583 252,015,858 68.49 42,043,406 253,893,168 68.97 

NPAc 543 298.15 879.81 0.00055 4339.938 596.321 3.814 0.88 0 102 42,464,108 308,457,985 83.87 42,826,837 309,930,694 84.37 

NPAc 543 303.15 874.19 0.00051 5693.353 529.785 3.948 0.88 0 102 43,576,713 376,342,061 102.30 43,558,847 375,320,687 102.33 

NPAc 543 308.15 868.59 0.00048 7382.273 472.217 4.079 0.88 0 102 44,688,952 457,574,940 124.48 44,509,293 455,800,475 124.42 

NPAc 543 313.15 863.02 0.00046 9468.198 422.181 4.208 0.88 0 102 45,839,534 554,468,053 151.06 45,880,844 553,812,700 151.25 

NPAc 543 318.15 857.46 0.00043 12019.650 378.500 4.335 0.88 0 102 47,101,197 669,563,944 182.85 47,245,800 670,635,592 182.83 

NPAc 543 323.15 851.91 0.00041 15112.360 340.210 4.460 0.88 0 102 48,416,832 805,897,738 220.80 48,546,892 810,015,227 219.96 

TBP 543 273.15 993.70 0.00603 0.006 209.820 2.064 1.96 0 256 49,493,317 24,726,824 7.85 47,426,451 21,393,162 7.10 

TBP 543 278.15 989.20 0.00531 0.011 189.025 2.152 1.96 0 256 50,479,916 25,074,215 7.97 48,232,371 22,406,870 7.33 

TBP 543 283.15 984.75 0.00470 0.022 171.037 2.238 1.96 0 256 51,578,851 25,751,327 8.17 49,233,796 23,358,482 7.55 

TBP 543 288.15 980.35 0.00418 0.041 155.404 2.323 1.96 0 256 53,033,106 26,394,377 8.38 50,442,664 24,291,036 7.78 
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Table B.3 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

TBP 543 293.15 975.99 0.00373 0.074 141.756 2.408 1.96 0 256 54,593,669 27,382,845 8.68 51,870,057 25,274,699 8.02 

TBP 543 298.15 971.68 0.00334 0.131 129.792 2.491 1.96 0 256 56,384,594 28,558,154 9.04 53,522,716 26,400,237 8.31 

TBP 543 303.15 967.40 0.00300 0.228 119.261 2.573 1.96 0 256 58,388,298 30,151,237 9.50 55,399,114 27,769,807 8.67 

TBP 543 308.15 963.15 0.00271 0.388 109.956 2.653 1.96 0 256 59,907,888 32,030,735 10.02 57,487,039 29,485,723 9.14 

TBP 543 313.15 958.94 0.00245 0.645 101.705 2.733 1.96 0 256 61,956,488 34,412,496 10.69 59,765,850 31,637,395 9.72 

TBP 543 318.15 954.76 0.00222 1.053 94.364 2.812 1.96 0 256 64,573,190 36,975,315 11.42 62,217,617 34,286,098 10.45 

TBP 543 323.15 950.60 0.00203 1.685 87.810 2.889 1.96 0 256 67,692,462 40,337,465 12.36 64,850,438 37,446,087 11.32 

TBP 543 273.15 993.70 0.00603 0.006 209.820 2.064 1.96 0 102 49,903,609 25,776,498 8.25 47,487,603 21,953,971 7.23 

TBP 543 278.15 989.20 0.00531 0.011 189.025 2.152 1.96 0 102 50,853,390 26,278,318 8.41 48,320,481 23,041,465 7.48 

TBP 543 283.15 984.75 0.00470 0.022 171.037 2.238 1.96 0 102 51,952,441 26,719,194 8.56 49,355,175 24,055,415 7.72 

TBP 543 288.15 980.35 0.00418 0.041 155.404 2.323 1.96 0 102 53,144,081 27,494,192 8.79 50,603,941 25,033,103 7.95 

TBP 543 293.15 975.99 0.00373 0.074 141.756 2.408 1.96 0 102 54,717,038 28,464,182 9.09 52,077,216 26,039,310 8.20 

TBP 543 298.15 971.68 0.00334 0.131 129.792 2.491 1.96 0 102 56,419,965 29,593,490 9.44 53,779,632 27,159,670 8.49 

TBP 543 303.15 967.40 0.00300 0.228 119.261 2.573 1.96 0 102 58,370,395 30,976,567 9.85 55,705,831 28,491,031 8.85 

TBP 543 308.15 963.15 0.00271 0.388 109.956 2.653 1.96 0 102 59,632,295 32,838,530 10.37 57,838,395 30,129,467 9.30 

TBP 543 313.15 958.94 0.00245 0.645 101.705 2.733 1.96 0 102 61,643,469 35,231,524 11.04 60,151,310 32,156,195 9.86 

TBP 543 318.15 954.76 0.00222 1.053 94.364 2.812 1.96 0 102 64,121,478 37,762,990 11.76 62,623,143 34,621,063 10.55 

TBP 543 323.15 950.60 0.00203 1.685 87.810 2.889 1.96 0 102 67,020,157 41,115,658 12.70 65,262,448 37,522,068 11.36 

 

  



188 

Table B.4: NHC cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

DMF 543 273.15 967.69 0.00116 93.750 353.993 1.483 0.76 0 256 42,107,462 26,676,145 8.09 44,149,133 25,204,491 8.28 

DMF 543 278.15 962.83 0.00108 137.970 315.426 1.552 0.76 0 256 42,477,747 28,516,920 8.56 44,105,724 28,481,224 9.10 

DMF 543 283.15 958.04 0.00101 199.660 282.347 1.621 0.76 0 256 42,851,367 31,042,479 9.21 44,155,052 32,761,291 10.15 

DMF 543 288.15 953.32 0.00094 284.417 253.840 1.690 0.76 0 256 43,209,254 34,422,333 10.07 44,290,215 38,432,023 11.55 

DMF 543 293.15 948.65 0.00088 399.209 229.159 1.759 0.76 0 256 43,611,627 38,935,539 11.22 44,503,885 45,806,602 13.35 

DMF 543 298.15 944.03 0.00083 552.599 207.698 1.828 0.76 0 256 44,072,210 44,845,326 12.72 44,790,671 54,912,129 15.57 

DMF 543 303.15 939.46 0.00078 754.987 188.957 1.897 0.76 0 256 44,493,302 52,514,671 14.66 45,147,365 65,271,093 18.11 

DMF 543 308.15 934.93 0.00074 1,018.860 172.526 1.967 0.76 0 256 44,510,488 62,381,175 17.13 45,569,204 75,969,351 20.73 

DMF 543 313.15 930.44 0.00069 1,359.050 158.063 2.037 0.76 0 256 44,811,938 74,971,820 20.31 46,043,843 86,311,975 23.28 

DMF 543 318.15 925.98 0.00066 1,792.999 145.286 2.108 0.76 0 256 45,683,938 91,347,789 24.45 46,553,607 96,689,874 25.85 

DMF 543 323.15 921.55 0.00062 2,341.025 133.957 2.179 0.76 0 256 47,659,564 112,042,190 29.72 47,115,411 108,570,014 28.84 

DMF 543 273.15 967.69 0.00116 93.750 353.993 1.483 0.76 0 102 41,853,708 26,730,754 8.09 44,136,034 25,789,623 8.42 

DMF 543 278.15 962.83 0.00108 137.970 315.426 1.552 0.76 0 102 42,219,616 28,598,235 8.58 44,096,275 29,185,085 9.26 

DMF 543 283.15 958.04 0.00101 199.660 282.347 1.621 0.76 0 102 42,573,491 31,152,585 9.23 44,148,537 33,582,849 10.35 

DMF 543 288.15 953.32 0.00094 284.417 253.840 1.690 0.76 0 102 42,941,072 34,562,976 10.10 44,284,298 39,370,504 11.77 

DMF 543 293.15 948.65 0.00088 399.209 229.159 1.759 0.76 0 102 43,362,319 39,070,369 11.24 44,494,037 46,873,256 13.60 

DMF 543 298.15 944.03 0.00083 552.599 207.698 1.828 0.76 0 102 43,773,862 45,000,569 12.75 44,769,942 56,154,266 15.87 

DMF 543 303.15 939.46 0.00078 754.987 188.957 1.897 0.76 0 102 44,177,444 52,705,600 14.69 45,106,860 66,810,237 18.47 

DMF 543 308.15 934.93 0.00074 1,018.860 172.526 1.967 0.76 0 102 44,148,384 62,633,967 17.18 45,499,594 78,039,391 21.22 

DMF 543 313.15 930.44 0.00069 1,359.050 158.063 2.037 0.76 0 102 44,430,974 75,333,222 20.38 45,937,812 89,261,087 23.98 

DMF 543 318.15 925.98 0.00066 1,792.999 145.286 2.108 0.76 0 102 45,254,535 91,654,226 24.51 46,408,150 100,920,382 26.88 

DMF 543 323.15 921.55 0.00062 2,341.025 133.957 2.179 0.76 0 102 47,241,202 112,611,578 29.84 46,932,095 114,456,428 30.28 

PN 543 273.15 800.68 0.00056 1,445.571 384.991 1.797 0.78 0 256 46,044,051 104,557,009 27.98 45,925,796 104,282,572 28.24 

PN 543 278.15 795.80 0.00052 1,948.970 343.136 1.885 0.78 0 256 46,735,775 125,493,016 33.35 46,467,242 124,921,820 33.74 
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Table B.4 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PN 543 283.15 790.88 0.00049 2,600.035 307.326 1.973 0.78 0 256 47,464,838 151,604,205 40.06 47,204,873 153,132,942 41.15 

PN 543 288.15 785.92 0.00046 3,434.003 276.522 2.063 0.78 0 256 48,172,044 184,107,844 48.44 48,125,801 187,058,554 49.95 

PN 543 293.15 780.92 0.00044 4,492.529 249.890 2.152 0.78 0 256 48,648,400 224,586,914 58.87 49,221,803 226,965,453 60.21 

PN 543 298.15 775.87 0.00041 5,824.450 226.754 2.243 0.78 0 256 50,256,222 275,510,172 71.95 50,582,091 276,390,955 72.85 

PN 543 303.15 770.77 0.00039 7,486.603 206.561 2.335 0.78 0 256 52,742,365 339,211,839 88.34 52,397,782 339,668,790 89.01 

PN 543 308.15 765.61 0.00037 9,544.612 188.860 2.427 0.78 0 256 55,162,200 418,074,848 108.65 54,838,261 419,473,246 109.42 

PN 543 313.15 760.38 0.00035 12,073.720 173.278 2.520 0.78 0 256 57,716,130 515,546,030 133.75 57,771,110 516,347,368 134.23 

PN 543 318.15 755.08 0.00034 15,159.620 159.504 2.615 0.78 0 256 60,448,650 635,958,931 164.84 60,386,148 635,615,539 164.71 

PN 543 323.15 749.71 0.00032 18,899.260 147.283 2.710 0.78 0 256 63,437,762 784,453,632 203.25 63,821,662 785,080,167 202.92 

PN 543 273.15 800.68 0.00056 1,445.571 384.991 1.797 0.78 0 102 45,725,334 104,939,486 28.07 46,055,124 107,415,831 29.03 

PN 543 278.15 795.80 0.00052 1,948.970 343.136 1.885 0.78 0 102 46,435,839 125,917,904 33.45 46,635,776 128,666,441 34.69 

PN 543 283.15 790.88 0.00049 2,600.035 307.326 1.973 0.78 0 102 47,183,692 152,065,715 40.17 47,419,202 157,168,581 42.18 

PN 543 288.15 785.92 0.00046 3,434.003 276.522 2.063 0.78 0 102 47,830,528 184,749,519 48.60 48,391,872 190,753,162 50.89 

PN 543 293.15 780.92 0.00044 4,492.529 249.890 2.152 0.78 0 102 48,307,675 225,405,732 59.07 49,542,409 229,534,634 60.86 

PN 543 298.15 775.87 0.00041 5,824.450 226.754 2.243 0.78 0 102 49,877,491 276,022,223 72.07 50,946,482 276,903,470 72.96 

PN 543 303.15 770.77 0.00039 7,486.603 206.561 2.335 0.78 0 102 52,357,476 338,922,291 88.25 52,763,505 336,934,125 88.27 

PN 543 308.15 765.61 0.00037 9,544.612 188.860 2.427 0.78 0 102 54,778,511 416,784,076 108.32 55,108,290 412,290,853 107.52 

PN 543 313.15 760.38 0.00035 12,073.720 173.278 2.520 0.78 0 102 57,270,332 513,231,979 133.17 57,767,293 505,094,898 131.22 

PN 543 318.15 755.08 0.00034 15,159.620 159.504 2.615 0.78 0 102 60,036,050 632,280,512 163.92 59,863,212 624,713,371 161.68 

PN 543 323.15 749.71 0.00032 18,899.260 147.283 2.710 0.78 0 102 62,969,342 779,205,521 201.89 62,602,302 781,245,206 201.54 
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Table B.5: CycHC cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

cis-Decalin 543 273.15 914.48 0.00528 16.337 73.102 1.914 0.45 0 256 72,719,820 41,496,599 12.83 74,624,938 45,559,469 13.62 

cis-Decalin 543 278.15 910.25 0.00468 24.638 67.369 2.003 0.45 0 256 77,505,605 45,200,617 13.91 79,312,997 49,108,656 14.67 

cis-Decalin 543 283.15 906.06 0.00417 36.532 62.316 2.091 0.45 0 256 82,903,994 50,075,610 15.31 84,239,108 53,142,782 15.85 

cis-Decalin 543 288.15 901.91 0.00373 53.308 57.846 2.179 0.45 0 256 89,038,043 55,924,764 16.98 89,287,994 57,857,418 17.21 

cis-Decalin 543 293.15 897.79 0.00335 76.618 53.876 2.266 0.45 0 256 96,012,737 63,390,544 19.09 94,367,845 63,478,392 18.81 

cis-Decalin 543 298.15 893.69 0.00302 108.556 50.337 2.351 0.45 0 256 103,928,754 72,512,922 21.64 99,443,015 70,258,958 20.70 

cis-Decalin 543 273.15 914.48 0.00528 16.337 73.102 1.914 0.45 0 102 77,892,479 47,075,793 14.40 76,550,470 47,653,371 14.21 

cis-Decalin 543 278.15 910.25 0.00468 24.638 67.369 2.003 0.45 0 102 81,865,506 50,547,402 15.40 81,654,635 51,507,509 15.35 

cis-Decalin 543 283.15 906.06 0.00417 36.532 62.316 2.091 0.45 0 102 86,791,368 54,948,011 16.66 87,021,289 55,851,704 16.62 

cis-Decalin 543 288.15 901.91 0.00373 53.308 57.846 2.179 0.45 0 102 92,157,762 60,607,206 18.26 92,512,907 60,870,140 18.08 

cis-Decalin 543 293.15 897.79 0.00335 76.618 53.876 2.266 0.45 0 102 98,391,766 67,814,496 20.28 98,010,830 66,773,644 19.76 

Cyclohexanone 543 273.15 963.89 0.00368 126.292 308.971 0.079 0.94 0 256 42,362,586 33,063,589 9.70 43,173,659 33,441,028 10.54 

Cyclohexanone 543 278.15 959.50 0.00325 179.894 274.833 0.213 0.94 0 256 43,002,016 36,934,472 10.70 43,128,288 35,961,006 11.16 

Cyclohexanone 543 283.15 955.14 0.00288 252.590 246.742 0.424 0.94 0 256 43,644,591 41,935,392 11.97 43,278,991 38,927,245 11.87 

Cyclohexanone 543 288.15 950.80 0.00256 349.880 223.457 0.737 0.94 0 256 44,344,268 48,415,538 13.63 43,660,752 43,102,652 12.84 

Cyclohexanone 543 293.15 946.49 0.00228 478.462 204.030 1.152 0.94 0 256 45,047,038 56,788,765 15.76 44,268,285 49,749,184 14.39 

Cyclohexanone 543 298.15 942.20 0.00205 646.394 187.728 1.646 0.94 0 256 45,798,118 67,465,732 18.46 45,047,599 60,486,878 16.93 

Cyclohexanone 543 303.15 937.93 0.00184 863.276 173.980 2.166 0.94 0 256 46,368,588 80,901,525 21.86 45,910,474 76,758,580 20.84 

Cyclohexanone 543 308.15 933.68 0.00166 1,140.420 162.335 2.642 0.94 0 256 46,374,027 97,558,644 26.04 46,767,526 98,856,065 26.24 

Cyclohexanone 543 313.15 929.45 0.00151 1,491.027 152.437 3.001 0.94 0 256 46,394,268 117,884,638 31.15 47,557,717 124,916,107 32.70 

Cyclohexanone 543 318.15 925.23 0.00137 1,930.372 143.999 3.190 0.94 0 256 47,672,266 142,901,258 37.49 48,231,886 150,148,182 39.07 

Cyclohexanone 543 323.15 921.02 0.00125 2,475.967 136.791 3.185 0.94 0 256 48,562,806 172,427,478 44.95 48,680,824 166,974,765 43.41 

Cyclohexanone 543 273.15 963.89 0.00368 126.292 308.971 0.079 0.94 0 102 42,422,033 33,636,481 9.85 43,162,103 34,158,726 10.71 

Cyclohexanone 543 278.15 959.50 0.00325 179.894 274.833 0.213 0.94 0 102 42,992,984 37,541,194 10.85 43,118,174 36,798,431 11.36 
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Table B.5 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

Cyclohexanone 543 283.15 955.14 0.00288 252.590 246.742 0.424 0.94 0 102 43,629,220 42,600,671 12.14 43,269,324 39,874,853 12.09 

Cyclohexanone 543 288.15 950.80 0.00256 349.880 223.457 0.737 0.94 0 102 44,314,619 49,199,339 13.82 43,650,864 44,159,592 13.09 

Cyclohexanone 543 293.15 946.49 0.00228 478.462 204.030 1.152 0.94 0 102 45,026,184 57,722,363 15.99 44,258,398 50,939,653 14.67 

Cyclohexanone 543 298.15 942.20 0.00205 646.394 187.728 1.646 0.94 0 102 45,718,234 68,544,554 18.73 45,038,822 61,890,110 17.26 

Cyclohexanone 543 303.15 937.93 0.00184 863.276 173.980 2.166 0.94 0 102 46,306,046 82,159,132 22.17 45,903,453 78,562,842 21.27 

Cyclohexanone 543 308.15 933.68 0.00166 1,140.420 162.335 2.642 0.94 0 102 46,302,727 99,080,494 26.42 46,759,191 101,425,330 26.86 

Cyclohexanone 543 313.15 929.45 0.00151 1,491.027 152.437 3.001 0.94 0 102 46,259,046 119,684,059 31.60 47,537,038 128,776,427 33.65 

Cyclohexanone 543 318.15 925.23 0.00137 1,930.372 143.999 3.190 0.94 0 102 47,418,609 144,937,783 37.99 48,177,552 155,768,952 40.45 

Cyclohexanone 543 323.15 921.02 0.00125 2,475.967 136.791 3.185 0.94 0 102 48,227,075 174,772,689 45.52 48,562,683 174,522,842 45.27 

MNPh 543 273.15 1,041.49 0.00618 1.013 95.766 0.883 1.02 0 256 53,786,215 27,018,411 8.56 54,777,602 27,041,788 8.59 

MNPh 543 278.15 1,037.04 0.00518 1.641 87.334 0.943 1.02 0 256 55,527,004 27,709,901 8.79 56,170,835 28,664,944 9.02 

MNPh 543 283.15 1,032.63 0.00441 2.607 79.965 1.003 1.02 0 256 57,101,288 28,602,909 9.07 57,721,162 30,191,641 9.44 

MNPh 543 288.15 1,028.27 0.00380 4.066 73.498 1.063 1.02 0 256 59,041,429 29,717,113 9.42 59,423,328 31,664,687 9.85 

MNPh 543 293.15 1,023.96 0.00331 6.229 67.797 1.122 1.02 0 256 61,192,470 31,093,696 9.83 61,270,958 33,158,158 10.26 

MNPh 543 298.15 1,019.68 0.00291 9.387 62.752 1.182 1.02 0 256 63,529,658 32,831,692 10.34 63,259,861 34,775,115 10.72 

MNPh 543 303.15 1,015.45 0.00259 13.924 58.272 1.241 1.02 0 256 65,939,080 34,987,716 10.97 65,394,106 36,642,831 11.25 

MNPh 543 308.15 1,011.25 0.00231 20.349 54.278 1.301 1.02 0 256 67,836,970 37,809,890 11.74 67,694,498 38,905,463 11.88 

MNPh 543 313.15 1,007.08 0.00209 29.321 50.706 1.360 1.02 0 256 70,262,064 41,372,285 12.71 70,210,982 41,714,188 12.66 

MNPh 543 318.15 1,002.95 0.00189 41.684 47.501 1.419 1.02 0 256 73,424,316 45,802,439 13.93 73,037,769 45,212,416 13.63 

MNPh 543 323.15 998.85 0.00173 58.507 44.617 1.477 1.02 0 256 77,205,817 51,291,430 15.43 76,335,980 49,515,062 14.82 

MNPh 543 273.15 1,041.49 0.00618 1.013 95.766 0.883 1.02 0 102 56,581,814 29,721,977 9.33 55,037,456 27,391,408 8.68 

MNPh 543 278.15 1,037.04 0.00518 1.641 87.334 0.943 1.02 0 102 57,506,289 29,956,965 9.42 56,490,579 29,036,259 9.12 

MNPh 543 283.15 1,032.63 0.00441 2.607 79.965 1.003 1.02 0 102 58,677,798 30,499,705 9.60 58,105,663 30,571,130 9.54 

MNPh 543 288.15 1,028.27 0.00380 4.066 73.498 1.063 1.02 0 102 60,210,161 31,345,809 9.86 59,874,727 32,032,183 9.94 
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Table B.5 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

MNPh 543 293.15 1,023.96 0.00331 6.229 67.797 1.122 1.02 0 102 62,051,392 32,515,461 10.22 61,786,966 33,485,739 10.36 

MNPh 543 298.15 1,019.68 0.00291 9.387 62.752 1.182 1.02 0 102 64,129,916 34,099,223 10.68 63,831,908 35,026,035 10.80 

MNPh 543 303.15 1,015.45 0.00259 13.924 58.272 1.241 1.02 0 102 66,476,191 36,121,150 11.27 66,005,584 36,770,250 11.29 

MNPh 543 308.15 1,011.25 0.00231 20.349 54.278 1.301 1.02 0 102 67,894,608 38,871,351 12.00 68,319,670 38,851,321 11.88 

MNPh 543 313.15 1,007.08 0.00209 29.321 50.706 1.360 1.02 0 102 70,099,947 42,385,081 12.96 70,814,883 41,408,051 12.60 

MNPh 543 318.15 1,002.95 0.00189 41.684 47.501 1.419 1.02 0 102 73,002,598 46,743,252 14.15 73,577,489 44,571,164 13.49 

MNPh 543 323.15 998.85 0.00173 58.507 44.617 1.477 1.02 0 102 76,520,861 52,212,120 15.64 76,762,715 48,443,510 14.57 

NMP 543 273.15 1,052.25 0.00262 5.976 358.203 1.203 2.00 1 256 47,727,165 34,138,749 10.16 48,150,582 35,685,786 10.84 

NMP 543 278.15 1,047.59 0.00238 9.326 310.900 1.252 2.00 1 256 48,644,222 41,073,312 11.93 49,065,633 40,869,837 12.06 

NMP 543 283.15 1,042.98 0.00217 14.291 270.534 1.303 2.00 1 256 49,561,198 49,688,948 14.12 50,032,108 48,236,792 13.81 

NMP 543 288.15 1,038.41 0.00198 21.526 236.097 1.355 2.00 1 256 50,576,695 59,394,277 16.59 51,018,563 57,816,655 16.12 

NMP 543 293.15 1,033.87 0.00182 31.901 206.716 1.408 2.00 1 256 51,603,656 70,407,496 19.39 51,994,151 69,559,506 18.98 

NMP 543 298.15 1,029.37 0.00167 46.554 181.641 1.463 2.00 1 256 53,039,327 83,553,221 22.74 52,944,119 83,410,236 22.41 

NMP 543 303.15 1,024.89 0.00154 66.955 160.228 1.520 2.00 1 256 54,454,062 98,440,126 26.52 53,883,721 99,375,658 26.41 

NMP 543 308.15 1,020.44 0.00143 94.977 141.928 1.578 2.00 1 256 55,121,347 115,771,688 30.89 54,879,542 117,558,729 31.02 

NMP 543 313.15 1,016.02 0.00132 132.978 126.275 1.639 2.00 1 256 56,080,966 135,984,231 36.00 56,089,877 138,151,794 36.31 

NMP 543 318.15 1,011.61 0.00123 183.888 112.873 1.701 2.00 1 256 57,910,400 160,044,333 42.10 57,833,267 161,404,343 42.36 

NMP 543 323.15 1,007.22 0.00115 251.312 101.388 1.765 2.00 1 256 60,713,849 187,949,496 49.19 60,687,772 187,593,918 49.27 

NMP 543 273.15 1,052.25 0.00262 5.976 358.203 1.203 2.00 1 102 47,462,934 34,508,355 10.24 48,023,016 36,064,158 10.93 

NMP 543 278.15 1,047.59 0.00238 9.326 310.900 1.252 2.00 1 102 48,292,885 41,664,264 12.06 48,942,062 41,188,516 12.13 

NMP 543 283.15 1,042.98 0.00217 14.291 270.534 1.303 2.00 1 102 49,200,744 50,104,332 14.21 49,909,526 48,491,934 13.87 

NMP 543 288.15 1,038.41 0.00198 21.526 236.097 1.355 2.00 1 102 50,240,331 59,973,862 16.72 50,893,274 57,982,865 16.15 

NMP 543 293.15 1,033.87 0.00182 31.901 206.716 1.408 2.00 1 102 51,337,822 71,485,986 19.65 51,864,042 69,587,861 18.98 

NMP 543 298.15 1,029.37 0.00167 46.554 181.641 1.463 2.00 1 102 52,627,345 84,465,020 22.95 52,812,134 83,228,181 22.36 
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Table B.5 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

NMP 543 303.15 1,024.89 0.00154 66.955 160.228 1.520 2.00 1 102 54,002,983 99,372,182 26.74 53,763,388 98,885,345 26.29 

NMP 543 308.15 1,020.44 0.00143 94.977 141.928 1.578 2.00 1 102 54,654,089 116,833,247 31.14 54,804,223 116,631,131 30.80 

NMP 543 313.15 1,016.02 0.00132 132.978 126.275 1.639 2.00 1 102 55,740,376 137,396,700 36.34 56,127,119 136,616,072 35.95 

NMP 543 318.15 1,011.61 0.00123 183.888 112.873 1.701 2.00 1 102 57,313,146 161,375,363 42.41 58,103,736 159,035,383 41.81 

NMP 543 323.15 1,007.22 0.00115 251.312 101.388 1.765 2.00 1 102 59,246,700 189,442,950 49.52 61,384,455 184,106,058 48.46 

PC 543 273.15 1,223.42 0.00399 0.980 273.923 1.571 0.60 1 256 48,553,681 41,321,939 11.98 48,735,303 41,178,117 11.91 

PC 543 278.15 1,218.22 0.00361 1.586 243.826 1.644 0.60 1 256 49,422,274 43,528,663 12.56 49,780,783 42,757,824 12.20 

PC 543 283.15 1,213.08 0.00327 2.516 218.508 1.715 0.60 1 256 50,235,201 46,098,890 13.23 50,815,699 45,367,266 12.74 

PC 543 288.15 1,208.00 0.00297 3.920 197.074 1.785 0.60 1 256 51,103,525 48,511,813 13.86 51,780,226 48,666,662 13.47 

PC 543 293.15 1,202.96 0.00271 6.002 178.819 1.854 0.60 1 256 51,983,049 50,927,523 14.50 52,601,469 52,283,466 14.30 

PC 543 298.15 1,197.97 0.00248 9.041 163.185 1.923 0.60 1 256 52,800,144 53,308,415 15.12 53,194,541 55,833,121 15.11 

PC 543 303.15 1,193.03 0.00228 13.407 149.728 1.989 0.60 1 256 53,495,916 55,440,126 15.68 53,476,276 58,946,045 15.84 

PC 543 308.15 1,188.12 0.00210 19.590 138.088 2.055 0.60 1 256 53,185,246 57,788,235 16.26 53,402,340 61,315,127 16.40 

PC 543 313.15 1,183.25 0.00193 28.227 127.975 2.120 0.60 1 256 52,980,920 59,791,481 16.75 53,037,193 62,773,397 16.76 

PC 543 318.15 1,178.41 0.00179 40.136 119.153 2.184 0.60 1 256 52,910,283 61,508,657 17.18 52,658,893 63,431,532 16.96 

PC 543 323.15 1,173.60 0.00166 56.354 111.427 2.247 0.60 1 256 52,866,973 62,706,336 17.48 52,889,914 63,856,179 17.15 

PC 543 273.15 1,223.42 0.00399 0.980 273.923 1.571 0.60 1 102 48,632,844 42,307,419 12.23 48,097,405 42,532,661 12.24 

PC 543 278.15 1,218.22 0.00361 1.586 243.826 1.644 0.60 1 102 49,479,802 44,873,002 12.90 49,077,866 44,199,167 12.55 

PC 543 283.15 1,213.08 0.00327 2.516 218.508 1.715 0.60 1 102 50,399,958 47,295,008 13.54 50,037,951 46,911,942 13.13 

PC 543 288.15 1,208.00 0.00297 3.920 197.074 1.785 0.60 1 102 51,175,660 49,601,887 14.14 50,922,327 50,328,307 13.90 

PC 543 293.15 1,202.96 0.00271 6.002 178.819 1.854 0.60 1 102 52,109,655 52,094,604 14.80 51,669,003 54,060,788 14.76 

PC 543 298.15 1,197.97 0.00248 9.041 163.185 1.923 0.60 1 102 52,961,849 54,541,377 15.44 52,215,790 57,691,462 15.61 

PC 543 303.15 1,193.03 0.00228 13.407 149.728 1.989 0.60 1 102 53,703,555 56,923,663 16.06 52,521,688 60,794,918 16.35 

PC 543 308.15 1,188.12 0.00210 19.590 138.088 2.055 0.60 1 102 53,307,017 59,147,998 16.60 52,612,649 62,990,194 16.89 
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Table B.5 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PC 543 313.15 1,183.25 0.00193 28.227 127.975 2.120 0.60 1 102 53,095,382 61,190,835 17.11 52,657,325 64,044,923 17.17 

PC 543 318.15 1,178.41 0.00179 40.136 119.153 2.184 0.60 1 102 53,021,122 63,076,313 17.58 53,068,514 64,065,652 17.25 

PC 543 323.15 1,173.60 0.00166 56.354 111.427 2.247 0.60 1 102 52,913,560 64,233,819 17.87 54,613,205 63,759,364 17.32 
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Table B.6: Polymer cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PEGDME 543 273.15 1,079.08 0.01539 0.002 231.197 4.225 4.00 0 256 47,786,621 22,972,521 7.35 47,423,965 23,997,792 7.78 

PEGDME 543 278.15 1,073.14 0.01269 0.005 200.962 3.186 4.00 0 256 48,293,314 22,924,989 7.35 48,428,972 22,024,823 7.33 

PEGDME 543 283.15 1,067.21 0.01057 0.010 176.035 2.459 4.00 0 256 48,859,746 22,912,996 7.37 49,281,404 21,272,826 7.18 

PEGDME 543 288.15 1,061.30 0.00891 0.021 155.323 1.938 4.00 0 256 49,411,958 22,979,973 7.41 49,932,779 21,463,938 7.26 

PEGDME 543 293.15 1,055.39 0.00758 0.043 137.983 1.555 4.00 0 256 50,034,843 23,142,688 7.47 50,418,526 22,214,568 7.48 

PEGDME 543 298.15 1,049.49 0.00651 0.084 123.368 1.267 4.00 0 256 50,806,790 23,349,831 7.54 50,781,033 23,231,573 7.76 

PEGDME 543 303.15 1,043.58 0.00564 0.160 110.971 1.047 4.00 0 256 51,576,777 23,644,849 7.64 51,054,498 24,346,108 8.06 

PEGDME 543 308.15 1,037.66 0.00493 0.298 100.391 0.875 4.00 0 256 51,536,316 24,118,235 7.76 51,263,494 25,471,077 8.36 

PEGDME 543 313.15 1,031.74 0.00434 0.540 91.314 0.739 4.00 0 256 51,767,793 24,727,034 7.92 51,417,831 26,540,484 8.65 

PEGDME 543 318.15 1,025.80 0.00385 0.955 83.485 0.629 4.00 0 256 52,267,887 25,503,100 8.13 51,498,893 27,452,569 8.89 

PEGDME 543 323.15 1,019.83 0.00344 1.632 76.701 0.538 4.00 0 256 53,018,264 26,482,285 8.40 51,440,205 28,022,523 9.05 

PEGDME 543 273.15 1,079.08 0.01539 0.002 231.197 4.225 4.00 0 102 47,274,219 23,002,977 7.34 47,412,776 24,376,827 7.86 

PEGDME 543 278.15 1,073.14 0.01269 0.005 200.962 3.186 4.00 0 102 47,794,904 22,949,799 7.34 48,383,728 22,292,904 7.37 

PEGDME 543 283.15 1,067.21 0.01057 0.010 176.035 2.459 4.00 0 102 48,307,557 22,947,501 7.36 49,200,731 21,375,447 7.18 

PEGDME 543 288.15 1,061.30 0.00891 0.021 155.323 1.938 4.00 0 102 48,847,556 23,024,902 7.40 49,813,137 21,349,741 7.21 

PEGDME 543 293.15 1,055.39 0.00758 0.043 137.983 1.555 4.00 0 102 49,547,251 23,140,526 7.45 50,251,275 21,840,973 7.37 

PEGDME 543 298.15 1,049.49 0.00651 0.084 123.368 1.267 4.00 0 102 50,176,450 23,371,541 7.53 50,551,014 22,563,337 7.57 

PEGDME 543 303.15 1,043.58 0.00564 0.160 110.971 1.047 4.00 0 102 50,876,269 23,640,712 7.62 50,739,442 23,354,188 7.79 

PEGDME 543 308.15 1,037.66 0.00493 0.298 100.391 0.875 4.00 0 102 50,731,987 24,105,104 7.73 50,834,338 24,135,033 8.00 

PEGDME 543 313.15 1,031.74 0.00434 0.540 91.314 0.739 4.00 0 102 50,950,028 24,684,699 7.88 50,840,105 24,854,166 8.19 

PEGDME 543 318.15 1,025.80 0.00385 0.955 83.485 0.629 4.00 0 102 51,403,120 25,449,765 8.09 50,735,263 25,431,664 8.34 

PEGDME 543 323.15 1,019.83 0.00344 1.632 76.701 0.538 4.00 0 102 52,106,075 26,406,616 8.35 50,454,023 25,711,597 8.42 

PEGPDMS-1 543 273.15 957.82 0.00946 1.013×10-5 245.531 2.610 4.00 0 256 46,607,755 22,337,904 7.15 47,143,858 21,904,546 7.12 

PEGPDMS-1 543 278.15 953.09 0.00821 1.013×10-5 219.105 2.721 4.00 0 256 47,654,340 22,785,331 7.30 47,985,927 22,492,998 7.23 
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Table B.6 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PEGPDMS-1 543 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 48,691,741 23,332,907 7.47 49,008,421 23,038,455 7.33 

PEGPDMS-1 543 288.15 943.79 0.00628 1.013×10-5 176.903 2.936 4.00 0 256 50,014,445 23,814,303 7.63 50,216,156 23,631,494 7.45 

PEGPDMS-1 543 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 51,436,659 24,609,170 7.88 51,603,510 24,391,326 7.64 

PEGPDMS-1 543 298.15 934.69 0.00489 1.013×10-5 145.260 3.143 4.00 0 256 53,099,519 25,563,980 8.18 53,144,519 25,456,090 7.91 

PEGPDMS-1 543 303.15 930.19 0.00434 1.013×10-5 132.396 3.243 4.00 0 256 54,699,180 26,691,379 8.51 54,790,539 26,971,859 8.31 

PEGPDMS-1 543 308.15 925.73 0.00386 1.013×10-5 121.110 3.341 4.00 0 256 56,316,725 28,278,720 8.96 56,490,789 29,080,819 8.88 

PEGPDMS-1 543 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 58,277,452 30,121,872 9.49 58,250,174 31,907,726 9.65 

PEGPDMS-1 543 318.15 916.91 0.00307 1.013×10-5 102.384 3.530 4.00 0 256 60,994,333 32,279,463 10.12 60,220,944 35,541,232 10.64 

PEGPDMS-1 543 323.15 912.53 0.00275 1.013×10-5 94.590 3.622 4.00 0 256 63,927,920 35,161,595 10.94 62,787,169 40,001,098 11.87 

PEGPDMS-1 543 273.15 957.82 0.00946 1.013×10-5 245.531 2.610 4.00 0 102 47,550,983 23,808,774 7.67 47,197,995 22,627,899 7.29 

PEGPDMS-1 543 278.15 953.09 0.00821 1.013×10-5 219.105 2.721 4.00 0 102 48,734,473 24,110,213 7.67 48,057,283 23,308,552 7.42 

PEGPDMS-1 543 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 102 49,667,052 24,184,768 7.72 49,098,251 23,928,734 7.54 

PEGPDMS-1 543 288.15 943.79 0.00628 1.013×10-5 176.903 2.936 4.00 0 102 50,822,490 24,766,118 7.90 50,323,617 24,573,363 7.68 

PEGPDMS-1 543 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 102 52,195,153 25,476,815 8.12 51,724,080 25,357,297 7.87 

PEGPDMS-1 543 298.15 934.69 0.00489 1.013×10-5 145.260 3.143 4.00 0 102 53,853,784 26,362,811 8.40 53,268,913 26,415,319 8.15 

PEGPDMS-1 543 303.15 930.19 0.00434 1.013×10-5 132.396 3.243 4.00 0 102 55,362,918 27,442,266 8.72 54,906,197 27,890,300 8.54 

PEGPDMS-1 543 308.15 925.73 0.00386 1.013×10-5 121.110 3.341 4.00 0 102 56,285,335 29,020,832 9.15 56,588,843 29,920,055 9.09 

PEGPDMS-1 543 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 102 58,052,994 30,823,014 9.66 58,339,431 32,621,793 9.83 

PEGPDMS-1 543 318.15 916.91 0.00307 1.013×10-5 102.384 3.530 4.00 0 102 60,547,441 33,146,198 10.32 60,344,962 36,070,189 10.78 

PEGPDMS-1 543 323.15 912.53 0.00275 1.013×10-5 94.590 3.622 4.00 0 102 63,504,911 35,809,993 11.09 63,032,139 40,259,515 11.96 

PEGPDMS-1 443 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 41,682,612 18,961,689 7.66 42,008,716 21,823,106 7.81 

PEGPDMS-1 443 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 43,979,903 20,108,542 8.11 43,812,767 23,969,636 8.21 

PEGPDMS-1 443 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 49,497,140 24,766,008 9.79 48,395,759 32,845,488 10.20 

PEGPDMS-1 343 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 34,686,327 14,831,748 7.86 35,052,754 16,733,987 7.95 
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Table B.6 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PEGPDMS-1 343 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 36,531,525 15,790,188 8.35 36,919,270 18,156,443 8.25 

PEGPDMS-1 343 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 40,794,624 19,225,621 9.95 42,660,243 26,296,439 10.11 

PEGPDMS-1 216 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 25,146,175 9,534,469 8.26 24,667,018 10,126,697 8.73 

PEGPDMS-1 216 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 26,386,338 10,069,993 8.71 26,220,555 10,508,173 8.96 

PEGPDMS-1 216 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 29,208,310 12,305,814 10.38 30,528,611 15,677,478 10.41 

PEGPDMS-1 136 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 18,427,483 6,149,332 8.76 17,732,597 6,209,239 9.47 

PEGPDMS-1 136 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 19,279,423 6,507,606 9.24 18,907,469 6,156,446 9.72 

PEGPDMS-1 136 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 21,165,453 7,927,801 10.93 21,271,828 9,581,098 10.97 

PEGPDMS-1 86 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 13,627,263 4,012,011 9.42 13,466,463 3,945,647 9.99 

PEGPDMS-1 86 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 14,231,784 4,225,700 9.90 14,354,966 3,734,780 10.26 

PEGPDMS-1 86 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 15,517,266 5,122,478 11.60 15,304,033 6,326,543 11.44 

PEGPDMS-1 54 283.15 948.42 0.00717 1.013×10-5 196.440 2.829 4.00 0 256 10,171,495 2,622,825 10.21 10,870,136 2,621,415 10.33 

PEGPDMS-1 54 293.15 939.22 0.00554 1.013×10-5 159.982 3.040 4.00 0 256 10,593,681 2,756,588 10.70 11,562,457 2,356,887 10.63 

PEGPDMS-1 54 313.15 921.31 0.00344 1.013×10-5 111.171 3.436 4.00 0 256 11,487,937 3,344,287 12.50 11,589,010 4,547,658 11.77 

PEGPDMS-3 543 273.15 1,011.67 0.02579 1.013×10-5 153.865 1.692 4.00 0 256 48,662,287 22,775,608 7.33 49,548,218 21,986,566 7.25 

PEGPDMS-3 543 278.15 1,006.97 0.02205 1.013×10-5 143.131 1.778 4.00 0 256 49,605,768 23,091,888 7.44 50,217,847 22,621,285 7.40 

PEGPDMS-3 543 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 50,687,400 23,287,324 7.52 50,969,954 23,168,885 7.53 

PEGPDMS-3 543 288.15 997.81 0.01638 1.013×10-5 124.838 1.947 4.00 0 256 51,488,139 23,732,217 7.66 51,795,083 23,677,825 7.65 

PEGPDMS-3 543 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 52,560,411 24,075,010 7.78 52,681,755 24,217,280 7.78 

PEGPDMS-3 543 298.15 988.94 0.01242 1.013×10-5 109.949 2.110 4.00 0 256 53,617,562 24,492,308 7.92 53,616,090 24,870,150 7.95 

PEGPDMS-3 543 303.15 984.61 0.01089 1.013×10-5 103.533 2.190 4.00 0 256 54,838,882 25,184,993 8.14 54,580,835 25,723,535 8.17 

PEGPDMS-3 543 308.15 980.32 0.00958 1.013×10-5 97.699 2.269 4.00 0 256 54,976,038 26,012,141 8.49 55,553,923 26,857,058 8.46 

PEGPDMS-3 543 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 56,171,805 26,991,382 8.64 56,507,800 28,328,880 8.84 

PEGPDMS-3 543 318.15 971.92 0.00752 1.013×10-5 87.522 2.421 4.00 0 256 57,238,090 28,235,923 8.98 57,412,751 30,158,939 9.31 
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Table B.6 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PEGPDMS-3 543 323.15 967.79 0.00669 1.013×10-5 83.073 2.496 4.00 0 256 58,880,336 29,404,599 9.33 58,249,850 32,308,726 9.87 

PEGPDMS-3 543 273.15 1,011.67 0.02579 1.013×10-5 153.865 1.692 4.00 0 102 49,117,951 23,345,646 7.49 49,652,853 22,454,430 7.36 

PEGPDMS-3 543 278.15 1,006.97 0.02205 1.013×10-5 143.131 1.778 4.00 0 102 49,614,120 23,434,475 7.53 50,344,951 23,128,398 7.52 

PEGPDMS-3 543 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 102 50,420,226 23,757,920 7.63 51,118,306 23,698,586 7.65 

PEGPDMS-3 543 288.15 997.81 0.01638 1.013×10-5 124.838 1.947 4.00 0 102 51,322,145 23,971,467 7.72 51,960,363 24,206,537 7.78 

PEGPDMS-3 543 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 102 52,245,860 24,270,473 7.82 52,855,090 24,714,266 7.90 

PEGPDMS-3 543 298.15 988.94 0.01242 1.013×10-5 109.949 2.110 4.00 0 102 52,969,327 24,823,124 8.12 53,782,695 25,297,213 8.05 

PEGPDMS-3 543 303.15 984.61 0.01089 1.013×10-5 103.533 2.190 4.00 0 102 54,471,637 25,314,227 8.16 54,719,198 26,034,469 8.24 

PEGPDMS-3 543 308.15 980.32 0.00958 1.013×10-5 97.699 2.269 4.00 0 102 54,724,993 26,317,260 8.42 55,636,145 26,996,747 8.49 

PEGPDMS-3 543 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 102 55,713,355 27,268,954 8.69 56,501,653 28,231,923 8.81 

PEGPDMS-3 543 318.15 971.92 0.00752 1.013×10-5 87.522 2.421 4.00 0 102 56,717,077 28,289,819 8.98 57,285,758 29,747,685 9.20 

PEGPDMS-3 543 323.15 967.79 0.00669 1.013×10-5 83.073 2.496 4.00 0 102 58,012,224 29,444,399 9.31 57,975,192 31,490,497 9.66 

PEGPDMS-3 443 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 42,726,531 19,024,481 7.72 42,636,605 18,505,098 6.97 

PEGPDMS-3 443 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 44,305,265 19,581,824 7.96 43,189,595 18,605,882 6.97 

PEGPDMS-3 443 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 47,158,448 22,190,682 8.89 44,932,669 21,485,922 7.64 

PEGPDMS-3 343 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 35,456,601 14,971,571 7.96 35,832,235 14,765,955 7.25 

PEGPDMS-3 343 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 36,699,757 15,481,732 8.23 36,458,588 14,400,038 7.24 

PEGPDMS-3 343 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 38,856,375 17,233,850 9.05 39,023,358 17,044,782 8.08 

PEGPDMS-3 216 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 25,568,612 9,639,457 8.37 25,428,513 9,546,486 8.28 

PEGPDMS-3 216 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 26,398,116 9,940,358 8.63 25,958,300 8,755,151 8.36 

PEGPDMS-3 216 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 27,769,210 11,055,775 9.46 27,260,197 10,182,607 9.34 

PEGPDMS-3 136 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 18,681,358 6,258,302 8.91 18,061,039 5,950,694 9.17 

PEGPDMS-3 136 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 19,221,584 6,437,886 9.16 18,344,339 5,036,346 9.34 

PEGPDMS-3 136 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 20,112,192 7,161,753 10.01 17,823,167 5,647,202 10.37 
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Table B.6 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

PEGPDMS-3 86 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 13,805,414 4,111,654 9.62 13,412,561 3,733,730 9.78 

PEGPDMS-3 86 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 14,162,442 4,212,544 9.86 13,482,035 2,828,004 10.00 

PEGPDMS-3 86 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 14,739,617 4,670,116 10.71 11,635,528 3,080,128 11.06 

PEGPDMS-3 54 283.15 1,002.35 0.01896 1.013×10-5 133.502 1.863 4.00 0 256 10,329,721 2,729,244 10.54 10,559,854 2,402,563 10.17 

PEGPDMS-3 54 293.15 993.34 0.01423 1.013×10-5 117.021 2.029 4.00 0 256 10,575,504 2,791,470 10.78 10,473,451 1,538,955 10.43 

PEGPDMS-3 54 313.15 976.10 0.00847 1.013×10-5 92.381 2.346 4.00 0 256 10,914,874 3,060,672 11.58 7,770,220 1,642,418 11.50 
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Table B.7: Subcooled cases 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

Methanol 543 223.15 851.36 0.00222 68.755 2,010.72 37.511 0.18 1 256 42,192,765 58,021,856 15.95 41,960,184 57,431,394 15.94 

Methanol 543 228.15 846.87 0.00195 111.704 1,653.93 19.933 0.18 1 256 42,842,716 59,607,474 16.37 42,503,651 43,303,229 12.45 

Methanol 543 233.15 842.42 0.00172 177.456 1,373.49 11.740 0.18 1 256 43,519,686 61,612,335 16.90 43,648,114 61,948,713 17.16 

Methanol 543 238.15 837.99 0.00153 276.067 1,150.77 7.585 0.18 1 256 44,127,570 64,040,233 17.53 44,369,702 62,872,062 17.49 

Methanol 543 243.15 833.57 0.00137 421.132 972.20 5.337 0.18 1 256 44,834,709 66,952,234 18.28 45,308,733 67,867,037 18.92 

Methanol 543 248.15 829.17 0.00123 630.720 827.73 4.075 0.18 1 256 45,653,954 70,486,877 19.20 46,060,249 73,094,271 20.49 

Methanol 543 253.15 824.76 0.00111 928.453 709.87 3.376 0.18 1 256 46,440,551 74,582,185 20.29 46,711,451 75,971,680 21.49 

Methanol 543 258.15 820.36 0.00101 1,344.744 612.96 3.037 0.18 1 256 47,348,315 79,711,980 21.65 47,349,242 79,459,927 22.62 

Methanol 543 263.15 815.95 0.00092 1,918.186 532.69 2.964 0.18 1 256 48,292,873 85,873,215 23.26 48,110,014 85,505,940 24.30 

Methanol 543 268.15 811.53 0.00085 2,697.105 465.74 3.123 0.18 1 256 48,805,452 92,736,721 25.03 49,174,277 94,073,935 26.44 

Methanol 543 273.15 807.10 0.00078 3,741.242 409.55 3.525 0.18 1 256 51,701,493 102,339,920 27.58 50,733,160 102,330,894 28.24 

Methanol 543 223.15 851.36 0.00222 68.755 2,010.72 37.511 0.18 1 102 41,970,630 58,455,112 16.05 41,959,115 57,655,720 16.00 

Methanol 543 228.15 846.87 0.00195 111.704 1,653.93 19.933 0.18 1 102 42,726,014 59,967,871 16.46 42,473,025 44,181,938 12.67 

Methanol 543 233.15 842.42 0.00172 177.456 1,373.49 11.740 0.18 1 102 44,021,283 64,423,483 17.62 43,656,586 64,750,380 17.86 

Methanol 543 238.15 837.99 0.00153 276.067 1,150.77 7.585 0.18 1 102 44,687,644 67,346,208 18.37 44,365,446 66,559,666 18.41 

Methanol 543 243.15 833.57 0.00137 421.132 972.20 5.337 0.18 1 102 45,457,580 70,706,030 19.25 45,290,881 70,067,954 19.47 

Methanol 543 248.15 829.17 0.00123 630.720 827.73 4.075 0.18 1 102 46,271,599 75,188,730 20.44 46,042,118 74,230,300 20.77 

Methanol 543 253.15 824.76 0.00111 928.453 709.87 3.376 0.18 1 102 47,185,530 80,349,747 21.81 46,701,830 76,383,832 21.60 

Methanol 543 258.15 820.36 0.00101 1,344.744 612.96 3.037 0.18 1 102 47,185,530 80,349,747 21.81 47,356,024 79,199,139 22.55 

Methanol 543 263.15 815.95 0.00092 1,918.186 532.69 2.964 0.18 1 102 48,121,379 86,357,431 23.38 48,142,536 84,483,136 24.03 

Methanol 543 268.15 811.53 0.00085 2,697.105 465.74 3.123 0.18 1 102 49,076,406 93,842,221 25.32 49,245,861 92,108,192 25.93 

Methanol 543 273.15 807.10 0.00078 3,741.242 409.55 3.525 0.18 1 102 50,082,337 102,827,700 27.65 50,861,590 99,176,854 27.42 

THF 543 223.15 960.67 0.00128 209.671 3,790.67 1.272 0.62 1 256 41,836,137 145,425,024 37.86 42,063,001 144,284,039 38.56 

THF 543 228.15 955.16 0.00117 319.838 3,048.27 1.406 0.62 1 256 42,208,752 156,502,975 40.64 41,647,225 156,971,820 41.65 
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Table B.7 continued. 

           Calculated ANN prediction 

Solvent Plant Power (MW) T (K) ρL (kg/m3) µL (Pa.s) Pvap (Pa) HeCO2 (mol/m3.bar) HeH2 (mol/m3.bar) Solvent cost ($/L) 
Hydro- 

philicity 
a (m-1) CAPEX ($) OPEX ($/year) 

LCOC  

($/ton CO2) 
CAPEX ($) OPEX ($/year) 

LCOC 

($/ton CO2) 

THF 543 233.15 949.68 0.00108 477.689 2,478.02 1.540 0.62 1 256 41,585,998 169,287,118 44.08 42,053,271 172,238,084 45.55 

THF 543 238.15 944.25 0.00099 699.528 2,034.91 1.675 0.62 1 256 42,183,989 183,675,617 48.13 42,602,114 187,136,751 49.46 

THF 543 243.15 938.86 0.00092 1,005.722 1,686.83 1.810 0.62 1 256 42,809,717 200,820,070 53.05 43,193,022 204,545,823 54.15 

THF 543 248.15 933.50 0.00085 1,421.301 1,410.62 1.945 0.62 1 256 43,418,663 221,178,696 58.74 43,761,209 226,635,363 60.12 

THF 543 253.15 928.17 0.00080 1,976.559 1,189.35 2.080 0.62 1 256 43,946,663 245,481,500 65.21 44,250,766 251,507,350 66.83 

THF 543 258.15 922.87 0.00074 2,707.641 1,010.52 2.216 0.62 1 256 44,528,263 274,091,642 72.87 44,645,875 275,467,177 73.25 

THF 543 263.15 917.58 0.00070 3,657.112 864.78 2.351 0.62 1 256 45,002,009 308,124,028 82.03 44,973,886 300,658,376 79.92 

THF 543 268.15 912.32 0.00065 4,874.476 745.06 2.487 0.62 1 256 45,735,736 358,908,120 95.81 45,309,112 339,018,465 89.94 

THF 543 273.15 907.06 0.00062 6,416.662 645.99 2.622 0.62 1 256 46,205,632 415,820,465 111.43 45,831,887 413,621,235 109.26 

THF 543 223.15 960.67 0.00128 209.671 3,790.67 1.272 0.62 1 102 41,668,765 146,429,992 38.10 41,691,381 142,389,243 38.04 

THF 543 228.15 955.16 0.00117 319.838 3,048.27 1.406 0.62 1 102 41,987,889 157,659,895 40.93 41,529,744 158,273,328 41.98 

THF 543 233.15 949.68 0.00108 477.689 2,478.02 1.540 0.62 1 102 41,935,459 184,767,584 48.42 41,990,424 177,203,655 46.82 

THF 543 238.15 944.25 0.00099 699.528 2,034.91 1.675 0.62 1 102 42,594,453 201,817,697 53.32 42,565,650 194,126,890 51.25 

THF 543 243.15 938.86 0.00092 1,005.722 1,686.83 1.810 0.62 1 102 43,195,200 222,184,253 59.00 43,173,561 212,740,934 56.24 

THF 543 248.15 933.50 0.00085 1,421.301 1,410.62 1.945 0.62 1 102 43,737,001 246,414,113 65.45 43,754,466 235,618,625 62.42 

THF 543 253.15 928.17 0.00080 1,976.559 1,189.35 2.080 0.62 1 102 44,277,289 275,168,875 73.14 44,253,167 260,895,384 69.23 

THF 543 258.15 922.87 0.00074 2,707.641 1,010.52 2.216 0.62 1 102 44,277,289 275,168,875 73.14 44,654,455 284,952,657 75.68 

THF 543 263.15 917.58 0.00070 3,657.112 864.78 2.351 0.62 1 102 44,762,651 309,267,058 82.32 44,989,471 310,262,491 82.38 

THF 543 268.15 912.32 0.00065 4,874.476 745.06 2.487 0.62 1 102 45,478,589 360,522,933 96.24 45,338,967 349,256,375 92.56 

THF 543 273.15 907.06 0.00062 6,416.662 645.99 2.622 0.62 1 102 45,978,567 417,346,206 111.84 45,890,921 425,625,056 112.32 
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