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The cement sector is one of the most energy-intensive and CO2-emitting industries, accounting alone 
for around 8% of the total anthropogenic emissions. Furthermore, cement production is characterized 
by a high-temperature heat requirement (usually supplied with combustion of coal or low-cost waste-
derived fuels) and significant unavoidable process-related CO2 emissions. Indeed, over 60% of the CO2 
emissions generated in modern cement plants come from the calcination of the raw minerals (limestone) 
[1]. For these reasons, one of the more promising strategies for deep decarbonization in cement making 
is the deployment of CO2 capture technologies. Despite their significant energy penalty, post-
combustion technologies are among the most mature options currently available for achieving near-zero 
CO2 emissions for cement production [1,2].  
Among the possible CO2 capture technologies, adsorption-based processes are attracting increasing 
attention from the academic community due to their potential low energy consumption, process design 
flexibility (i.e., full electric regeneration or using a mix of thermal and electric power; ability to deal 
with high pollutant levels without pretreatment needs), high CO2 capture rates, and modularity when 
employing fixed-bed reactors. Furthermore, a pressure-vacuum swing adsorption system (VPSA) 
mainly requires electrical energy to drive the gas compressors and vacuum pumps, while thermal energy 
may only be needed for hybrid sorbent-based cycles such as TVSA. The electric-driven regeneration of 
VPSA provides a clear advantage over the benchmark post-combustion CO2 capture technology, i.e 
amine scrubbing, which requires low-temperature heat (saturated steam at 130 °C) to drive the CO2 
separation process. Indeed, in this case, the heat recovery potential from state-of-the-art cement plants 
is usually not enough to cover the energy demand of the capture system, and the majority needs to be 
supplied from a dedicated steam generator [3]. A VPSA system may, therefore, result in better energy 
and environmental performance in low-carbon-intensity electricity scenarios. 
This work compares the energy and environmental performance (SPECCA and net CO2 avoided) of a 
VPSA post-combustion capture system for cement plant applications with promising competitive 
technologies such as amine scrubbing with monoethanolamine (MEA) or calcium looping (CaL). MEA 
is at the commercial stage and is commonly considered the state-of-the-art for CO2 capture from 
industrial flue gases, but presents the disadvantage of the high steam demand typical of an amine system. 
CaL is a more innovative system, particularly promising for cement applications [4], based on a cheap 
solid sorbent (calcium oxide) and its reversible reaction with CO2 (carbonation-calcination). It is 
characterized by a high-temperature energy demand, which is usually supplied with oxy-combustion, 
and allows for efficient heat recovery and on-site electricity production through the use of a common 
steam cycle. 
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