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Background/Motivation

= Carbon capture: Will contribute 14% (2DC) or 32% (B2DC) emission

cuts by 2060 (Without CO, capture, cost of meeting 2050 carbon emission reduction targets
could be more by up to 70%)

= Post-combustion CO, capture (PCC): Most matured carbon capture
technology and already in use in major demonstration projects worldwide
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Background/Motivation

Solvent regeneration in PCC is energy intensive (up to 70% of total
energy requirement in the process): >4GJ]/ton CO, leading to high capture
cost (>£37/ton CO,) and >10% energy penalty on host power plant
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Background/Motivation

Catalyst-aided solvent regeneration: Feasible solution for addressing high
energv demand in the PCC process
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Catalyst-aided solvent regeneration achieves up to 20% less specific
regeneration energy requirement depending on the catalyst and solvent
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Background/Motivation

Catalyst-aided solvent regeneration achieves up to double CO,
desorption
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Source: Lai et al. (2018) Nat. Commun. 2018, 9 (1), 2672.

Catalyst-aided solvent regeneration achieves acceptable desorption rate
at a lower temperature, < 100°C compared to 120°C or more for most
solvents
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Key benefits

= Reduced specific regeneration energy (GJ/ton CO,)

= Reduced solvent circulation rate (may be as much as
50%) and consequently the absorber and desorber sizes

= Prospect for regeneration with lower grade heat source
leading to lower energy penalty for the host power plant

= Ultimately, lower CAPEX and OPEX
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= Limited catalysts, mostly zeolite-based catalysts,
investigated: Our objective is to use computational
chemistry approach to evaluate different catalyst-solvent
potential

= Limited analysis at process conditions: Our
objective is to develop a detailed process model that can
be used for analysis at different process conditions
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Catalyst-aided solvent regeneration screening based on the energy
barrier (can inform on the catalyst-solvent that will require the
least regeneration energy)

transition state
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Modelling performed using Density Functional based Tight-Binding
methods, an approximate DFT model in the ADF Suite (Computational
Material Chemistry software)
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Building molecular geometry and adjusting Perform potential energy surface (PES) scan
the nuclear coordinates and lattice vectors to to identify initial guess for the transition

achieve minimum total energy via local state (TS)
optimisation
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Computational catalyst-

CO;

Molecule geometry for HZSM-5 catalysed MEA-CO, desorption
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Computational catalyst-
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Energy barriers of catalysts
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Consistent with literature - zeolite-based, V205 and alumina catalyst
have shown the best performance in terms of regeneration energy
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Process model

Model implemented in Aspen plus (rate-based mass transfer
calculations) with the HZSM-5 -catalyst-assisted desorber

implemented in ACM as a custom model (HZSM-5 catalysed reaction kinetics
based on data from Decardi-Nelson et al. (2017). Chemical Engineering Science 170, 518-

529)

Thermo-physical property calculations obtained using electrolyte
NRTL model

Validation using data from the Clean Energy Technologies Research
Institute (CETRI), University of Regina, Canada
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Outputs

Conference

Oral presentation at the 2021 International Conference on Applied Energy
(Virtual) on “Review and analysis of difference catalysts for assisted solvent
regeneration in PCC process”. Our paper was invited for Applied Energy Special
Issue due in May 2022

Internal seminar (with external industrial participants) 6th Dec 2021
Oral presentation on “Computational catalyst screening for assisted solvent
regeneration in PCC process”.

Journal (in preparation)
New catalysts design assisted solvent regeneration in PCC process
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