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The cement industry is the second largest CO2 emitting industry accounting for over 5% of 

anthropogenic global CO2 emissions.
1
 The Cement Sustainability Initiative of the World 

Business Council for Sustainable Development and the International Energy Agency developed 

a cement technology roadmap which gives a clear message that besides further improvement in 

energy efficiency, use of alternative fuels and reduced clinker to cement ratio, a breakthrough is 

also required by CO2 capture and sequestration (CCS) for achieving the long term reduction 

target.
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Designing new clinkers
1,3

 (e.g. incorporation of magnesium carbonates or magnesium 

silicates) that require less limestone is also a way to significantly reduce the CO2 footprint of 

cement production.  

Calcium-Looping Cycle (Ca-looping) is one of the most promising processes for CO2 capture 

based on the reversible chemical reaction between CaO-based sorbents and CO2 to form CaCO3, 

which offers an obvious chemical synergy with the cement manufacture: the exhausted CaO 

can be used as raw material in cement production. Despite the main limitation of the sorbent 

deactivation along the calcination-carbonation cycles, in 2015, the CO2 post-combustion 

capture by Ca-looping presented one of the highest technology readiness levels (TRL 6 of 9) 

justified by a pilot system in a Taiwan Cement Company, which captured 1 t CO2/h from 3.1 t/h 

of flue gas.
2
 

Comparing with limestone, a higher CO2 carrying capacity and/or stability was observed when 

waste marble powder (WMP)
 4
 or dolomite

5
 were used as sorbent materials in Ca-looping. This 

means that the use of alternative natural CaO based sorbents is promising for enhancing the 

CO2 capture, and simultaneously produce low-carbon cement due to the exhausted sorbent 

incorporation in clinker as raw material.  

The present work focuses on the comparative study of the CO2 carrying capacity and stability 

of two waste marble powder and two dolomites sorbents, along the calcination-carbonation 

cycles in Ca-looping CO2 capture. The sorbents were tested on a laboratorial-scale fixed bed 

reactor unit, using a gas mixture with a CO2 concentration similar to industrial flue gas 

emissions. Different thermal pre-treatment atmospheres (N2 and CO2) were used during the first 

calcination of the sorbents. The idea of the thermal pre-treatment was to modify the internal 

structure of the sorbent particles in order to enhance their performance during the 

calcination-carbonation cycles.  

The effect of the first calcination atmosphere on the sorbents stability, was related to their 

textural properties evaluated after the first calcination, after 10 cycles and 20 cycles. The N2 

sorption technique was used to evaluate the surface area and pore size distribution and the 

X-Ray diffraction technique was used to evaluate the particles size grown up with the cycles.   

Comparing with dolomite, the initial CO2 capture capacity of WMP sorbents was higher, 

however, after some cycles the CO2 carrying capacity of dolomite became higher and stable 



along the cycles. The sorbents thermal pre-treatment allows improving their carrying capacity.   

The results presented in this study are promising and show that the use of WMP and dolomite 

as solid sorbents for Ca-looping should be encouraged, as well as, the assessment of their 

blending synergies. WMP and dolomite sorbents showed enhanced performance comparatively 

with limestone, and their incorporation in the clinker could be a way of reducing the CO2 

footprint of cement production.   
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