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ABSTRACT

The cement industry is a major contributor to greenhouse gas emissions, responsible for
approximately 7% of global CO2 emissions (Busch et al., 2022, Hannah Ritchie, 2020). With the
global demand for cement expected to continue increasing, it is important to find ways to reduce
CO- emissions from the industry. Several strategies have been proposed, including the use of
alternate renewable and sustainable fuels, supplementary cementitious materials (SCMs), and
carbon capture and storage (CCS) technologies (Balamuralikrishnan and Saravanan, 2021,
Bayraktar et al., 2019a, Bayraktar et al., 2019b, Khan et al., 2020, Nie et al., 2022). However, the
supply of alternate renewable and sustainable fuels and SCMs is limited compared to cement
production (Gartner and Hirao, 2015). Furthermore, switching to alternate sustainable and
renewable fuels can remove only one-third of the carbon dioxide as almost 65 % of CO2 emissions
are linked to the calcination of limestone. Therefore, of these strategies, CCS is considered to have
the greatest potential for reducing emissions from cement production.

One approach to CCS is post-combustion carbon capture technology, which involves capturing
CO: from flue gases after combustion. The technology is already commercially proven, but liquid
amine-based sorbents, which are commonly used, have several disadvantages, including high
regeneration costs, equipment corrosion, and oxidative degradation (Zhang et al., 2014).
Therefore, solid sorbents, such as amine-functionalized mesoporous silica, have been proposed as
an alternative for CO> capture (Khosravi et al., 2022, Arcenegui Troya et al., 2022, Girimonte et
al., 2022, Yan et al., 2022).

In this study, the environmental impact of integrating a novel silica polyethyleneimine based
(silica-PEI) carbon capture system into a cement plant for carbon capture is assessed. The
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environmental impact of the silica-PEI-based system is compared to a conventional MEA-based
carbon capture system, which is widely used in the industry. The assessment is based on real data

from an existing cement plant CEMEX in Switzerland and is simulated using experimental and
pilot-scale results (Kim et al., 2021, Zhang et al., 2014).

To perform the environmental assessment, three scenarios were established: i) a base case cement
plant without CO- capture, ii) cement plant with silica-PEI-based carbon capture technology, and
iii) cement plant with MEA-based carbon capture technology. The schematic diagrams of silica-
PEI-based and MEA based carbon capture technologies are presented in Figure 1. Process models
for each scenario were developed using the ECLIPSE modeling software, which provided the
technical analysis and provided the basis for life cycle analysis (LCA). To determine the
environmental impact, a “cradle to gate” LCA for the CO> capture technologies was carried out.
The ReCiPE method was used to perform the life cycle impact assessment (LCIA) in the SimaPro
software. LCIA transcribes process emissions and material extraction into a limited number of
environmental impacts using characterisation factors.
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Figure 1 Schematic diagram of a) Silica-PEI-based carbon capture process integration b) MEA-
based carbon capture process integration.

The analysis showed that the silica-PEI-based carbon capture unit has a lower environmental
impact compared to the MEA-based carbon capture technology. This is primarily due to the lower
CO: emissions resulting from the requirement for less heat from the natural gas boiler for sorbent
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regeneration. The CO. emissions rate from the natural gas boiler is at 56.1 kg CO./GJ NG
(Voldsund et al., 2019). The lower regeneration heat requirement of the silica-PEI-based process
is due to the lower heat capacities of solid sorbents compared to aqueous solvents, resulting in less
heat needed for regeneration. In addition, the solid silica-PEI-based carbon capture process avoids
solvent and water evaporation, which further contributes to its lower environmental impact (Bos
et al., 2018). The CO produced from the reboiler is also captured; therefore, the electricity
requirement for compressing and liquefying the captured CO: is lower for the silica-PEI-based
process due to the production of less COx. It is assumed that the electricity is obtained from the
national grid with a CO, emission rate of 274 kg CO2/MWh (bp, 2022). The results of the LCA
showed that the environmental impact of the silica-PEI-based system was lower than that of the
MEA-based system in all the midpoint categories. For example, for the global warming indicator,
silica-PEI-based carbon capture technology integration has a lower value at 0.338 kg CO: eq.,
while, MEA-based carbon capture technology integration exhibits a value at 0.363 kg CO: eq.
Furthermore, the detailed endpoint analysis was also performed and the single score endpoint
results are shown in the Figure 2.
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Figure 2 Endpoint single score results of reference cement plant, SPEI-based and MEA-based
carbon technology integration. 1 kg clinker.

In conclusion, the study provides evidence that the integration of silica-PEI-based carbon capture
technology into cement plants can provide a viable solution for reducing CO2 emissions from the
cement industry. The result is a promising finding since CCS technologies are essential for
mitigating the impact of CO. emissions on the environment. In addition, the results of the study
suggest that the use of solid sorbents, such as amine-functionalized mesoporous silica, can be a
viable alternative to liquid sorbents, such as amine-based solvents, in post-combustion carbon
capture technology. The present study provides valuable insights for cement plant operators and
policymakers in reducing carbon emissions from the cement industry.
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