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Brief preliminary outline of existing

Background 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.

p=raill
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Carbon dioxide

Cement sector: 7.4% of global
emissions.

Sanjuan, M.A.; 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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Cement sector
emissions
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Circular economy

CO,
Emission-
absorption

co,

Recycled
aggregates
(RCA)

- Carbon cycle in the

cement sector
co, CO,

Sanjuan, M.A.; Andrade, C.; Mora, P.; Zaragoza, A. Carbon Dioxide Uptake by Cement-Based Materials: A
Spanish Case Study. Appl. Sci. 2020, 70, 339. https://doi.org/10.3390/app10010339
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Roadmap for the
cement sector -
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CEMENTA

AEIDELBERGCEMENT Group

Carbonation

In 2018, CEMBUREAU, Portland
Cement Association (PCA), Cement
Sustainability Initiative (CSl), 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



Result

The most important result was the document
'CO, uptake in cement-containing
products’ (/VL Swedish Environmental
Research Institute Report) coordinated by

CO, uptake in cement-

containing products Christer Ljungkrantz and Ronny Andersson
o (CEMENTA AB), in which two methods were
mplementatin established, the first one proposes that 23%

of CO, 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.

October 2018




Result

For the moment, the desired objective of being
iIncluded 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.

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/

2019


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

Index

2006 + 2019 IPCC Guidelines for National
Greenhouse Gas Inventories

Volume 1 General Guidance and Reporting
Volume 2 Energy sesssssssss————————) Fuel CO,
Volume 3 Industrial Processes and Product Use
Chapter 2 Mineral Industry Emissions and removals
2.1 Introduction

2.2 Cement production =) Calcination
2.3 Lime production CcoO,
2.4 Glass production
2.5 Other process uses of carbonates
Volume 4 Agriculture, Forestry and Other Land Use
Volume 5 Waste
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SiXth Assessment RepOI‘t (AR6) = WG | “The Physical Science Basis”

p.19 (full report 1171)

In 2019, fossil CO2Z 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 COZ2 emissions from carbonates in cement
production are around 4% of total fossil CO2 emissions
and grew at 6.8% yr-1 in the 2000s but a slower 2.4% yr-
1 in the 2010s. The uptake of CO2 Iin cement
infrastructure (carbonation) offsets about one half of
the carbonate emissions from current cement
production (Friedlingstein et al., 2020).




SiXth Assessment RepOI‘t (AR6) = WG | “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),
(1) Improvements in the estimates of emissions from
cement production (Andrew, 2019) and the sink
assoclated with cement carbonation (Cao et al.,
2020).



SS{e,

cuiel Sixth Assessment Report (AR6) - WG |

p. 430

The member companies of the GCCA (CSl)
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 i
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 CO, 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 CO, into hardening concrete, both
to dispose of the CO,, and more importantly reduce the need for binder
(Lim et al. 2019).



Methodologies

Calcination emissions: 525 kgCoO./tonclinker
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Carbon Dioxide Uptake

by Brazililan Cement-
Based Materials

Tier 1

da Silva Rego, J.H.; Sanjuan, M.A.; Mora, P;
Zaragoza, A.; Visedo, G. Carbon Dioxide
Uptake by Brazilian Cement-Based

CO, uptake = 0.23 x calcination CO, emissions (NIR, national) (2) Materials. Appl. Sci. 2023, 13, 10386.
https://doi.org/10.3390/app131810386

CO, uptake = (0.20 + 0.02 + 0.01) x calcination CO, emissions (1)



https://doi.org/10.3390/app131810386
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Service-life Demolition CDWs as
(50-150 years) + CDWs Recycled
treatment Aggregates

Modules: A B C D

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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Substantial global carbon uptake by cement

carbonation

Fengming Xi"*3, Steven J. Davis'?, Philippe Gais®, Douglas Crawford-Brown®, Dabo Guan’,
Claus Pade®, Tiemao Shi*, Mark Syddall®, Jia Lv®, Lanzhu K, Longfei Bing', Jinoyue Wang', Wei Wei'®,
Keun-Hyeok Yang'!, Bj&rm Lagerblad'?, 1sabel Galan', Carmen Andrade'®, Ying Zhang™

and Zhu L™

Calcinatien of carbormate rocks during the manufacture of
cement praduced 5% of global C0; emissions from allindustrial
process and fossil-fuel combustion in 2012", Considerable
attertion has been paid t= qu theze industrial process
ermissiens from cemert production™ but the natural reversal
of the precess—carbanation—has received little attention in
carbsn cwele studies. Hers, e wse mew and existing data
an cement materials during cement service life, demolitian,
ard secondary use of concrete waste te estimate regional
ared global €0, uptake between 1930 and 2073 using an
amalytical model describing carbonation chemistry. We find
that carbonation of cernent rakerals ever their life oycle
represents o large and growing met sink of 00y incressing
from 030 GeC yr~ in 1998 to 0.25 GtC yr~' in 2013, In tatal,
we estimate that a cumulative amount of 4.5 GEE has been
sequestersd in carbonating cernent materials from 1930 to
203, affsetting 439 of the C0y emissions from production
of cerment owver the same pericd, not incduding emissions
assaciaked with fessil use during cemert preduction. We
conclude that carbenation of cement products represents a
subistantial carbon sink that & net curently considersd in
ermissions invertories'®,

A tremendous quantity of cement has been produced worldside
for the construction of bulldings and Infrasirucoere. namely:
76.2 bllllon iuns of cement between 195 and 2013 and 4.0 bilan
tons in 2013 alone'. When making cement, the high-temperature
calcination of carbonate minerals (for oample. meston: ocks)
produces clinker (malnky calclum oxidel, and CO, 15 releassd
Inio the atmosphers from this procsss. Thess ‘proces’ OO0
emlsslons from cerment produdion (as oppossd to relabed emissions
from. fossil-fuel emergy that may hawe been used during cement

production) comprise approsdmalely 20% of global C0; emissions
trom all industrial processss and 5% of global CO0, emissions

from Industrial processes and burning foesll fuels combloed™™.
Comulathes cement procsss emisslons ane estimated 1o have releassd
38.2 Gt OOy from 1930 to 20157

Hiowewer, the calelurn oxlde In cernert materials 1s nod stable
ower time. and cement bpdratlon produocts gradually reabsorb
atmospheric OO, through a physlochermdcal  process  callesd
carbonallan®, Carbamation scours when OO0, diffuses Inta the
pares of cement-based materials and reacts with hpdrated producis
in the presspce of pore water* (see Methods). The carbonation
gtarts ot the mrfsce of the conaete or mortar and progressheshy
moves Imeards. Although carbonation reactions are knoem b
civil enginesrs duwe bo theic effects an the sirecgth and safety of
gtructures™®, the resulting large-scale CO, uptaks flux has not
been quantiied. In comirast o the instantaneons emissions of O,
during manufacturs of cemenis. carbonation i5 a slow proces
'H:Jtukuufh:et'hmg]mutﬂx enilre Hfe cyele of cement-based
materials™ . The Oy uptake through carbonation of czment
materials 15 thus proportional do the time-inbegral of cement
cansumption. Previous soudies hawe applizd a lifs cpcle ass=ssment
1o estlmab: conrele carbon sequestration ower 100-200-vear
Hmisscales™®, Howewsr, these siudles wers Imlied o conioele
materials in speciic regions, and did mot aceount far OOy uptake
in ciher types of cement malerials found in bulh iedrastiracture:
cemenl moriarn, consiruction cement wasle, and cerment kiln
dust workdedds,

Based on mew data sets comiplled foom field surveys 1o China
and a commprehensive synthesds of =xisting data and studles (5=
Methods), we modelled the glabal aimospheric C0 uptake by four
differerit cemnent materlals {concrels, mortar, construction c=ment
wile, and cement kiln dust) betwesn 1530 and 2013 in fowr reglons
{China, the U5 Europe. and the rest of the world) and analyssd
the sensithelly of our uplaks estimates to 26 different varlables
i 5oz Methods).

Ninsttute of &pplied Ecology, Chinass &cadamey of Soencas, Shamyang 11004, China ¥ Key Laborsbory of Polution Ecology and Erwiron mankal Enginearing,
rhimos Srademe of Sdonres Shenwene TINA Chire Yrnleae of 2rhHech rzand rehan Plannine Shenwne Ikrcho Lindvarche Shareana 10188

Tier 3: Ad-hoc Methodology

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
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Conclusion

Natural carbonation of cement-

based materials is a well-

Known process.

The rate of carbonation ranges

from 1 to 9 mm/year?>.

Cement carbonation sink ‘ ‘ ‘ ‘ ‘
could be about 700 million

tons per year.

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