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SCOPE
 The cement industry is the second largest CO2 emitting industry accounting for over

5% of anthropogenic global CO2 emissions.
 About 50% of CO2 emissions come from the process of converting limestone

(CaCO3) into calcium oxide (CaO), 40 % from the combustion of fuel into kiln and
around 10 % from electricity consumption and transport.

 Options to reduce the CO2 emission in the cement industry are:
 improvement in energy efficiency
 use of alternative fuels
 reduced clinker to cement ratio
 CO2 capture and sequestration (CCS)

In 2017, the European Parliament and Council has reached a provisional agreement to
revise the EU Emissions Trading System for the period after 2020:
cement industry should reduce their emissions by 43% compared to 2005

CaReCI Project: Carbon Emissions Reduction in the 
Cement Industry (PTDC/AAGMAA/6195/2014)

MAIN GOALS:
 CO2 post-combustion capture by CaO-based sorbents looping cycles as a

potential sustainable option for the cement industry, if integrated with a
CO2 capture unit using natural Ca-based sorbent resources (limestone,
dolomite) and wastes (waste marble powder,…)

 Innovative use of Wastes: as possible source of inexpensive CaO-based
sorbents for CO2 capture;

 To identify potential carbon footprint reduction strategies for the cement
industry.

Source: Rodriguez, N., Murillo, R., Abanades, J.C.,  
Environmental science and Technology, 46 (2012)  2460-
2466. 

Ca-Looping process for CO2 capture based on the 
reversible reaction: carbonation-calcination:

Ca-based natural sorbents benefits: 
 Economically viable and environmental friendly (cheap,

non-toxic)

 High capacity to capture CO2 / High amount of calcium

 Lower energy penalty and operating costs than other post-
combustion capture technologies

 Utilization of spent CaO in the cement industry for clinker

 Good mechanical resistance to attrition

Ca-based sorbents drawbacks:
 Sorbent deactivation due to

sintering and pore blocking during

high temperature calcination

Integration of spent sorbent in the 
cement industry:

SORBENTS CO2 CARRYING CAPACITY: COMPARISON AND IMPROVEMENT OF PERFORMANCE

2) Influence of pre-calcination and carbonation
atmosphere on CO2 carrying capacity of dolomite

 Higher for dolomite pre-calcined with 25% of CO2 
 It is not significantly influenced by the CO2 % during 

carbonation

3) Influence of carbonation temperature on CO2
carrying capacity

 Higher for sorbents carbonated at 700 °C

CONCLUSIONS

1) Comparison of sorbents CO2 carrying capacity

 Higher for CaCO3 and WMP  at the initial cycles 
 Higher for dolomite after 20 cycles, i.e., dolomite is 

a more stable and reactive sorbent along the cycles
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 The natural sorbents have different carrying capacities, which can be improved using different pre-calcination atmospheres (e.g. dolomite) or
carbonation temperatures the sorbents carrying capacity could be improved using different approaches

 After 20 cycles, the CaO conversion is usually between 20-40 %, so for achieving a high CO2 capture efficiency the ratio CaO/CO2 (ton/ton) should
be maintained, respectively, between 6.5-3.3 Improved sorbents allow reducing the CaO make-up frequency

 The incorporation of wastes and natural spent CaO-based sorbents in the clinker reduction of the CO2 footprint of cement production
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