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Abstract

Global climate change has been linked to anthropogenic gas emissions. Recent study by
International Energy Agency (IEA) indicates that energy sector generate 68 % of the world
anthropogenic gas and out of this percentage CO> emission accounts for 90% of all the
anthropogenic gases emitted (IEA, 2015). The major sources of CO. emission comes from fossil
fuel-fired power plants, therefore capturing CO2 from such sources is necessary if the projected
future danger in climate conditions is to be avoided. The suitability of post-combustion carbon
capture (PCC) based on chemical absorption technology for fossil fuel-fired power plants has been
highlighted by many researchers being the most matured with already large scale projects
operational in Canada. Despite the success in the use of PCC for power plant, it has challenges such
as huge sizes of the Absorber and Stripper, leading to high capital cost (Lawal et al., 2012,
Agbonghae et al., 2014). Process intensification (PI) using rotating packed bed (RPB) is the
technology that has the potential to reduce the size of a column by order of magnitude without
compromising the performance of the columns (Ramshaw, 1995).

This work models and simulates standalone intensified absorber and stripper, then linked the two
validated models to form a closed loop intensified PCC process. Four different correlations suitable
for RPB were implemented in Aspen Plus rate-based model to replace the default correlations.
These correlations are written in visual FORTRAN and then dynamically linked with Aspen Plus
rate-based model. The model now represents intensified Absorber/Stripper. These four new
correlations are for liquid and gas mass transfer coefficient, liquid hold-up and interfacial area.
Pressure drop correlation suitable for RPB was also included. Heat transfer correlation given by
Chilton and Colburn analogy was used.

The standalone models developed in Aspen Plus and Fortran were validated based on the
experiment data presented in Jassim et al. (2007) and Cheng et al. (2013). Previous study by Joel et
al. (2014) shows that standalone intensified absorber is 12 times smaller than conventional packed
tower. In this paper, study on standalone intensified stripper compared to conventional stripper
using MEA solvent shows a 10 times reduction in size. The impact of solvent concentration, liquid
to gas (L/G) ratio and lean-MEA loading on closed loop intensified PCC process performance is
also studied.

Impact of high MEA concentration in reducing solvent recirculating rate is studied. The cost
implication of concentrated amine compared to lower MEA concentration solvent for capture
process were analysed. Also the energy contribution of motors used in driving the RPB absorber
and stripper is included in the regeneration energy calculations. Finally, after looking at the
efficiency improvement and cost implication for intensified PCC process compared to conventional
packed columns using solvent, it is concluded that Pl has great potential for use in carbon capture
application.
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