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Abstract 

The carbon dioxide (CO2) emissions have been noted to have reached a record high in 2018 with 

an increase of 1.6% in 2017 to 2.7% in 2018 [2]. Of these emissions, use of fossil fuels produced 

about 37.1 billion metric tons of CO2 [1]. To cut these emissions, extensive strides must be taken 

to shift to renewable forms of energy. Biogas is one of the prominent forms of renewable energies 

which is CO2 neutral. Biogas is produced by anaerobic digestion of organic wastes, composed of 

40-75% of CH4 and 15-60% of CO2, depending on the nature of the feed [3]. Removal of CO2 for 

higher concentrations of CH4 is called biogas upgrading. One of the methods by which this can be 

done is chemical absorption. 

The aim of the project was to determine the chemical kinetics of CO2 absorption in 

monoethanolamine (MEA) in the presence of novel additives with a promising potential to reduce 

the energy consumed in biogas upgrading. These additives, known as the Vapor Reduction 

Additives (VRAs) reduce the vapor pressure of water in MEA, which reduces the amount of water 

evaporated along with methane and the amount of water vaporized during amine recovery. This 

reduces the energy required for condensation, drying of methane, and reboiler. The use of VRAs 

can be advantageous as long as they do not hinder the kinetics of the chemical absorption of CO2 

by MEA, which calls for a better understanding of the kinetics.  

The experiments were conducted on a wetted wall column (WWC), at DTU. The system was used 

to investigate the effect of the VRAs on the chemical reaction kinetics of CO2 absorption. 

Additionally, in large scale operations, the solvent recovered is not completely stripped of the 

absorbed CO2. Therefore, the effect of CO2 loading on kinetics was also analyzed. 

 

Experimental Setup 
The WWC consists of an absorption column, a liquid system, and a gas system. The system 

represents a lab-scale version of a biogas upgrading plant. The equipment consists of a metal pipe 

in which the solvent flows out as a thin layer in counter-current direction to the gas stream.  

The experimental conditions are summarized as follows: 

 Solvent: 30 wt% MEA  

 Additives: 7.5, 15, and 30 wt% VRA1 and VRA2 

 CO2 loading: 0, 0.25, and 0.38 mol CO2 /mol amine 

 Temperature: 293, 313, and 333K. 

 

Results 

The results of the experiments can be interpreted by plotting the absorbed flux of CO2 against its 

mean logarithmic partial pressure. A linear trend is observed between these two parameters, as per 



theory. The slope of the line gives the overall mass transfer coefficient (Kov). The overall mass 

transfer coefficient was observed to increase with increase in temperature and decrease with CO2 

loading. The results for the amine solvent along with VRA1 and VRA2 are presented in Figure 1. 

It is observed that the kinetics are not significantly affected in the presence of VRA1 or VRA2. 

 
Figure 1: Experimental results for 7.5, 15, and 30 wt% of additives, VRA1(left) and VRA2(right) 

without any CO2 loading at 313K. The lines represent the trendline for solutions with 30 wt% MEA and 

are presented for better comparison of the results. 

 

Conclusion 

The additives developed have been observed to have an insignificant impact on the reaction 

kinetics of CO2 absorption which works well in our favor. This implies that the use of VRAs can 

make the process of not only biogas upgrading, but also carbon capture technology in general, 

energy efficient by cutting down the energy required in the reboiler, condenser, and dryer sections. 

This in turn translates to the process becoming cost efficient as the operational costs in the reboiler 

and condenser reduce along with the energy consumed. The details pertaining to these aspects are 

however not presented here. 
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