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Managing CO2 Emissions for Sustainability

According to US EPA (2022), carbon dioxide (CO2) accounts for around 80% of atmospheric greenhouse gases. It is the most 
significant of all greenhouse gases emitted because it traps heat in the atmosphere that can negatively affect air quality 
and human health. For efficient climate control, CO₂ emissions should be managed for sustainable development including 
environmental, social, and financial impact. Amine solvents are one of the most accepted technologies used worldwide for 
capturing CO2. Selecting the appropriate solvent depends on many factors including the chemical composition of the gases 
containing CO2, the availability of the amines in a specific region, and always, cost.

Digital twins have proven to be the ideal tool to solve problems facing the oil and gas industry. One key operational and 
business objective achieved through successful deployment of a digital twin involves continuous process monitoring to meet 
and enhance unit production targets. Digital twins can also be applied to carbon capturing systems. This paper discusses the 
analysis of carbon capturing technologies, specifically CO2 capturing from flue gases using different amine solvent formulations 
(IECM 2019). Selecting the right and optimum solvent will benefit the final set up of a digital twin.

Mono-ethanolamine (MEA) has been extensively used as the preferred solvent for CO2 capture from flue gases (Luis 2016). 
Multiple research efforts have centered on minimizing energy consumption on the regeneration of rich MEA (MacDowell et 
al. 2010). It is well known and proven that the energy regeneration requirements are higher compared to other alternative 
amine solvents such as Diethanolamine (DEA), Methyl-diethanolamine (MDEA), MDEA+Piperazine and others (Hasan et al. 
2021). Recently, the use of amine solutions with Sulfolane have gained attention. They are being considered as an advanced 
solvent alternative over the traditional MEA by improving the absorption rate while lowering the regeneration heat duty 
(Dash et al. 2015).

This paper presents case study results from a typical CO2 capturing system using three different amine solvents: 1) MEA (30 
wt%), 2) MDEA+Piperazine (33wt% MDEA + 7wt% Piperazine), and 3) MDEA+Sulfolane (20 wt% MDEA + 30wt% Sulfolane). 
MDEAPiperazine (solvent 2) is also referred to as activated MDEA solutions in the industry (Closman et al. 2009). These solvents 
will capture CO2 from flue gases deriving from the same source.
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Model development and Process Description

According to Hydrocarbon Processing, Petro-SIM® software is considered the best process simulator to build digital twins. 
It provides operators with a single source of truth for driving decisions within the plant at an asset level in the oil and gas 
industry. Additionally, Petro-SIM simulator has the AMSIM module integrated as part of its thermodynamic packages. AMSIM(1) 
is a specialized thermodynamic package designed to simulate the absorption process for natural gas and liquefied petroleum 
gas (LPG) sweetening and carbon dioxide capture using alkanolamine and/or physical solvent, in which the acid gases such as 
hydrogen sulphide (H2S), CO2 and other impurities (carbonyl sulphide, carbon disulphide and mercaptans) are removed. AMSIM 
uses a rigorous non-equilibrium stage model for plate columns and the rate-based model for packing columns, as well as the 
Peng-Robinson equation of state to simulate the performance of contactors and regenerators.

The process configuration in the digital twin model is shown in Figure 1. This process consists of an absorption column, a lean/
rich amine heat exchanger, a regeneration column, a circulation pump, and a lean amine cooler. The flue gases are produced 
from burning 24 tonnes/day of fuel gas with 15% excess air. Traces of nitrogen oxides (NOx) and carbon monoxide (CO) are 
present in the flue gas with concentrations within acceptable environmental limits. The flue gases are cooled to 37oC before 
feeding them to the absorption column.

The make-up stream provides pure water which is lost in the regenerator’s vent stream (Am 5). This stream can be connected to 
a compression system for transporting the recovered CO2 before storage.

1. AMSIM is maintained and developed by DBR, now D&I GeoUnit of Schlumberger Canada and is backed by DBR 30+ 
years’ expertise including in-house experimental facilities and the numerous measurement data.

Figure 1: CO2 capturing PFD

The absorption and regeneration towers are assumed to have the same number of stages, and both work at pressures very close 
to atmospheric pressure.
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Simulation results

Table 1 summarizes the simulation results. The required column diameters for each type of solvent were estimated using 
commercially available tray sizing software (i.e. SULCOL 3.4.4(2)). A low-cost substance, MEA is the most commonly used amine 
for carbon capturing. Most importantly, it has the largest CO2 absorption capacity compared to activated MDEA and, therefore, 
requires low solvent recirculation rate demand (Hasan et al. 2021). These last statements are consistent with the simulation 
results shown in Table 1. The solvent recirculation rate for the MDEA+Sulfolane solvent is more than three times the requirement 
for MEA. The MDEA+Piperazine solvent requires 40% more solvent recirculation flow rate to achieve the same CO2 removal 
percentage as MEA. However, its regeneration energy requirement is 20% smaller.

A low solvent recirculation rate doesn’t necessarily imply a low capital cost, the vapor traffic in the absorber determines the 
column diameter. The absorber diameter required for MEA is 10% larger compared to the diameter required for the other two 
MDEA solvents. Figure 2 shows the vapor traffic in the absorber for the three solvents. The regeneration of MEA also requires 
high vapor traffic in the regenerator compared to the required vapor traffic for the MDEA solvent cases. Figure 3 shows a 
comparison of the vapor traffic in the regenerator for each solvent. The use of MDEA solvents requires low regeneration heat 
requirements, being this characteristic a major advantage over the use of MEA.

Table 1: Simulation results
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Figure 2: Vapor traffic in absorber

Figure 3: Vapor traffic in the regenerator
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Figure 4: CO2 mole fraction in vapor inside the absorber

In Figure 4, a comparison of the CO2 concentration in vapor shows the performance of each solvent in the absorber. MEA solvent 
absorbs CO2 more efficiently with the lowest solvent recirculation rate. The MDEA+Sulfolane solvent exhibits a reduced capacity 
to absorb CO2 (Qian and Mather 1995), this is the reason for requiring a very large solvent recirculation flow rate. Figure 5 shows 
the comparison of the CO2 concentration profile in the liquid inside the regenerator. The results in Figure 5 show that the 
regeneration of the MDEA+Sulfolane solvent is stripped with minimal energy requirements to regenerate.
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Figure 5: CO2 mole fraction in liquid inside the reformer

2. SULCOL 3.4.4 is a hydraulic rating software developed by Sulzer that analyzes trayed and packed columns.

Conclusion

Simulation results are consistent with and support the relevant published literature. MDEA containing solvents require less 
energy for regenerator compared to MEA. However, the solvent recirculation flow rate is significantly larger. Vapor traffic using 
activated MDEA are smaller than the use of MEA. In turn, this will imply smaller columns and lower capital cost expenditure.
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