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Background
Brief preliminary outline of existing 
IPCC TFI guidance on these topics 
provided in Table 1 
Source/sink: Cement carbonation 

2.2.1.4 Free lime (CaO not part of the formulae of 
the clinker minerals mentioned above) released 

during the curing of concrete (i.e., from the 
hydration of the clinker minerals) can potentially 

re-absorb atmospheric CO2 - a process called 
carbonation. However, the rate of carbonation is 
very slow (years to centuries) and, as a practical 

matter, should not be considered for good 
practice. This is an area for future work before 

inclusion into national inventories.
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Carbon dioxide 
Cement sector: 7.4% of global 
emissions.

Sanjuán, M.Á.; Andrade, C.; Mora, P.; 
Zaragoza, A. Carbon Dioxide Uptake by 
Cement-Based Materials: A Spanish Case 
Study. Appl. Sci. 2020, 10, 339. 
https://doi.org/10.3390/app10010339

Global Warming 
Potential (GWP)
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Carbon cycle in the cement sector

CO2 
Emission-
absorption

Sanjuán, M.Á.; Andrade, C.; Mora, P.; Zaragoza, A. Carbon Dioxide Uptake by Cement-Based Materials: A 
Spanish Case Study. Appl. Sci. 2020, 10, 339. https://doi.org/10.3390/app10010339
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Roadmap for the 
cement sector
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Carbonation
In 2018, CEMBUREAU, Portland 
Cement Association (PCA), Cement 
Sustainability Initiative (CSI), IECA and 
Cementa (HeidelbergCement Sverige), 
formed the (Re-)carbonation Project to 
develop a method to estimate the 
carbonation of mortars and concretes, 
and its incorporation in the 2019 IPCC 
Guidelines for National 
Greenhouse Gas Inventories

“Concrete CO2 sink” 
Project



“Concrete CO2 sink” Project

Result
The most important result was the document 
‘CO2 uptake in cement-containing 
products’ (IVL Swedish Environmental 
Research Institute Report) coordinated by 
Christer Ljungkrantz and Ronny Andersson 
(CEMENTA AB), in which two methods were 
established, the first one proposes that 23% 
of CO2 process emissions (calcination) can 
be discounted directly, while the second one 
is based on the procedure defined in Annex 
BB of EN 16757. Currently, Annex G.
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2019

2019 Refinement to the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories

https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-

guidelines-for-national-greenhouse-gas-inventories/

Result
For the moment, the desired objective of being 
included in the 2019 Refinement to the 2006 IPCC 
Guidelines for National Greenhouse Gas 
Inventories was not achieved (Chapter 2: Mineral 
Industry Emissions), published in 2019.

“Concrete CO2 sink” Project

https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/


Index

IPCC Guidelines for 
National Greenhouse 
Gas Inventories 
2006 + 2019 IPCC Guidelines for National 
Greenhouse Gas Inventories

Volume 1 General Guidance and Reporting
Volume 2 Energy
Volume 3 Industrial Processes and Product Use
Chapter 2 Mineral Industry Emissions and removals
2.1 Introduction

2.2 Cement production
2.3 Lime production
2.4 Glass production
2.5 Other process uses of carbonates
Volume 4 Agriculture, Forestry and Other Land Use
Volume 5 Waste

Calcination 
CO2

Fuel CO2
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CO2 uptake modelling 
(cement sector)

17



Sixth Assessment Report (AR6)
Sixth Assessment Report (AR6) - WG I “The Physical Science Basis”

p.19 (full report 1171)
In 2019, fossil CO2 emissions were estimated to be 9.9 
± 0.5 PgC yr-1 excluding carbonation (Friedlingstein et 
al., 2020) the highest on record. These estimates 
excluding the cement carbonation sink of around 0.2 

PgC yr-1.
p. 5-20 (full report 1172)
Direct CO2 emissions from carbonates in cement 
production are around 4% of total fossil CO2 emissions 
and grew at 5.8% yr-1 in the 2000s but a slower 2.4% yr-
1 in the 2010s. The uptake of CO2 in cement 

infrastructure (carbonation) offsets about one half of 

the carbonate emissions from current cement 

production (Friedlingstein et al., 2020). 



Sixth Assessment Report (AR6)
Sixth Assessment Report (AR6) - WG I “The Physical Science Basis”

p. 5-32 (full 1184)
Since AR5 (Ciais et al., 2013), a number of
improvements have led to a more constrained carbon 
budget. Some new additions include: (i) the use of 
independent estimates for the residual carbon sink on 
natural terrestrial ecosystems (Le Quéré et al., 2018a), 
(ii) improvements in the estimates of emissions from 

cement production (Andrew, 2019) and the sink 

associated with cement carbonation (Cao et al., 

2020).



Sixth Assessment 
Report (AR6)
Sixth Assessment Report (AR6) - WG III
p. 430
The member companies of the GCCA (CSI) 
have become better prepared for future 
legislation on managing GHG emissions and 
developed management competence to 
respond to climate change in the cement sector 
(Busch et al. 2008; GCCA 2020). Accordingly, 
the cement industry has developed some 
roadmaps to reach net zero GHG around 
2050 (Sanjuan et al. 2020).



Sixth Assessment Report (AR6) - WG III
p. 977

The concept of buildings as carbon sinks arise from the idea that wood 
stores considerable quantities of carbon with a relatively small ratio of 
carbon emissions to material volume and concrete has substantial 
embodied carbon emissions with minimal carbon storage capacity 
(Sanjuan et al. 2019; Churkina et al. 2020).

p. 1190

Some of the CO2 is reabsorbed into concrete products and can be seen 
as avoided during the decades-long life of the products; estimates of this 
flux vary between 15 and 30% of the direct emissions (Stripple et al. 
2018; Andersson et al. 2019; Schneider 2019; Cao et al. 2020; GCCA 
2021a). Some companies are mixing CO2 into hardening concrete, both 
to dispose of the CO2 and more importantly reduce the need for binder 
(Lim et al. 2019).

Sixth Assessment 
Report (AR6)
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Carbon Dioxide Uptake 

by Brazilian Cement-

Based Materials

Tier 1

da Silva Rego, J.H.; Sanjuán, M.Á.; Mora, P.; 
Zaragoza, A.; Visedo, G. Carbon Dioxide
Uptake by Brazilian Cement-Based
Materials. Appl. Sci. 2023, 13, 10386. 
https://doi.org/10.3390/app131810386

CO2 uptake = (0.20 + 0.02 + 0.01) × calcination CO2 emissions (1)

CO2 uptake = 0.23 × calcination CO2 emissions (NIR, national) (2)

https://doi.org/10.3390/app131810386


Tier 2

Tier 2: Advanced Methodology
EN 16757:2017. Sustainability of construction works -Environmental product 
declarations -Product Category Rules for concrete and concrete elements.
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Tier 3

Tier 3: Ad-hoc Methodology

25

Xi, F., Davis, S., Ciais, P. … …. Andrade, C., et al. Substantial global carbon
uptake by cement carbonation. Nature Geosci 9, 880–883 (2016). 
https://doi.org/10.1038/ngeo2840

https://doi.org/10.1038/ngeo2840


Above 700 Mtons/year in 2023 
for the cement carbonation sink 

Global Carbon Budget de 2023
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Natural carbonation of cement-
based materials is a well-
known process.

The rate of carbonation ranges 
from 1 to 9 mm/year0.5.

Cement carbonation sink 
could be about 700 million 
tons per year.

Conclusion

Natural carbonation of cement-based materials should be implemented 
in the IPCC Guidelines for National Greenhouse Gas Inventories
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