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Introduction
In parallel of other conventional ways of reducing carbon dioxide emissions (e.g. use of renewable energies, energy efficiency improvement, etc.), Carbon Capture, Storage (CCS) or Utilization (CCU) is a complementary solution allowing to decrease the CO2 emissions from different industries (e.g. power plants, cement plants, etc.). Regarding more specifically the CO2 capture step, the absorption-regeneration process using amine(s) base solvents is the most mature technology. Nevertheless, the operational costs of such process, especially for the solvent regeneration, is still too high for a large deployment of this technology.  The objective of the present work is to test the applicability to the cement industry of an innovative capture technique called partial oxy-fuel combustion capture. This technology combines a O2-enriched air combustion involving a more CO2 -concentrated flue gas (20 vol.%<yCO2,in<70 vol.%) compared to a conventional combustion and allowing to reduce the energy consumption of the post-combustion CO2 capture process using amine(s) solvents.  

Research methodology 

The works carried out in the present study were divided in two parts: experimental tests of solvents at a micro-pilot scale (see Figure 1) with different CO2 contents in the gas to treat (between 20 vol.% and 60 vol.%), and Aspen HysysTM simulations (see Figure 2) of the absorption-regeneration process applied to conventional and partial oxy-fuel cement plant flue gases.
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Figure 1: Absorption-regeneration micro-pilot unit
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Figure 2: Aspen HysysTM simulation flowsheet of the micro-pilot unit

The purpose of the work is to highlight and quantify the benefit in terms of solvent regeneration energy (Eregen) savings of increasing the CO2 content in the gas to treat.

Experimental and simulation results 

As illustrated on Figure 3, it was shown for different solvents that increasing yCO2,in thanks to partial oxy-fuel combustion leads to a significant decrease of Eregen. Moreover, in comparison with a conventional solvent like piperazine (PZ 10 wt.%) or monoethanolamine (MEA 30 wt.%), it was pointed out that activated solution of 2-amino-2-methyl-1-propanol (AMP 30 wt.%) with PZ 5 wt.% leads to the lowest Eregen at yCO2,in equal to 40 vol.% and 60 vol.%. In addition to experimental results, Figure 3 also illustrates that our Aspen HysysTM simulation model (with MEA 30 wt.%) gave fairly good results in comparison with experimental ones.
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Figure 3: Relative decrease of Eregen with increased yCO2,in during absorption-regeneration tests in the micro-pilot unit and comparison with Aspen HysysTM simulations for MEA 30%

Conclusion and perspectives
The present study shows and quantifies the benefit of applying partial oxy-fuel conditions in order to reduce Eregen in the post-combustion CO2 capture process by absorption-regeneration. In addition to these results, the oxygen production costs associated to each yCO2,in value will be taken into account.
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