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Comment: This study presents a dataset of global carbon uptake through cement
carbonation, which holds significant importance in achieving the goal of Net-Zero emissions.
This paper is written well. However, there are some comments that need to be addressed.

Response: Thank you for your valuable comments and suggestions. Those comments are
very helpful for revising and improving our paper, as well as the important guiding significance

to our researches. The responds to the reviewer’s comments are as following:

Specific Comment: First, the method section contains excessive details. It is suggested to
move some of the text and figures to the Supporting Information, retaining only the
essential parts for your calculations.

Response: Thank you for your suggestion. The ESSD journal is a journal that focuses on
original data or data collection. A detailed method description is important for data
collection, so in the original article, we put all the details in the main text. In the revised
version, in order to improve the readability of the article, we summarized the section 2 Data
and Methods, and moved the detailed methods with revision (red part) according to
suggestions from another expert into the supplement document.

Changes: Generally, we move section 2.3.1 to 2.3.4 (original line 188 to 314) to
Supplement document. Meanwhile, in the revised line 183-184, we changed it with
“Specifically, carbon sequestration of these four types of cementitious materials was in the
Supplement document” Accordingly, change original line 315 “2.3.5 Uncertainty analysis”

to “2.4 Uncertainty assessment”.

In supplement section, it will be display as below:

Supplementary of
Global carbon uptake of cement carbonation accounts 1930-2021
Zi Huang, Jiaoyue Wang and et al.

The detail calculation methods for uptake assessment of concrete, mortar, waste and CKD

four types and service, demolishment and second use three life stages are described below.

S1 Concrete uptake assessments

In service stage, after carbonated coefficients in different environment and the correction



factors was set (Lagerblad et al., 2005; Pade and Guimaraes, 2007; Zafeiropoulou et al., 2011;
Andersson et al., 2013), the carbonation rate of the different strength class materials was set

for further use as shown in equation:

kci = Coenvironment X ﬂad X ﬂCOZ X ﬂCC (1)

Where k; is the carbonation rate of class i. COgpyironemne 15 the carbonated coefficients
under different environments, usually under air or buried environments. Bqq4, Bco, and P are
cement additives, CO> concentration, and coating and cover, respectively.

Based on the Fick’s second law, then the concrete carbonation depth can be calculated by

the following:

d, =k, <t @)
Where d.; is the depth which depended on carbonation rate and reaction time till the end

of service stage. Furthermore, the carbonated amounts over a certain service time can be

described as following:

Wwe,., =C_ <x—< 3)
o 7w

Where Wec,, is the mass of carbonated cement used in concrete over a certain period of time

during the use stage. C,; isthe cement content in class i concrete. Tw is the average thickness
of concrete structure.

Finally, the concrete uptake in service stage can be calculated through equation 5.

The concrete structures would move to demolishment stage when they were end of service
as civil infrastructures. Usually, the end of use structure would be crashed into small size
particles (Kikuchi et al., 2011). Thus, in this study, a simplified model of carbonation in
demolishment stage is established based on the assumptions that the carbonation starts from
the outer surface, moving inwards radially as Fig 3. In this model, the three distinct groups of
distributions (b<Dyi, a<Do; <b, a>Do;) were defined according to the maximum diameter (Do;)
of a particle when undergo full carbonation in compressive strength class i in the respective
range of minimum (a) and maximum diameters (b). Thus, the calculation can be expressed as

follow:
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Where ky; is the diffusion coefficient of compressive strength class i in demolishment stage
under “exposed to air” condition. tq is the subsequent dealing time after service life. To avoid
double counting, the carbonated content in service stage should be excluded. Thus, the cement

uptake in this stage can be calculated as:

M
_ W, . W, clinker CaO o,
Ucdi_( Ccl— cusel.)deix X ny

cement clinker M

(6)

CaO

White loop is carbonated in demolition staged,, gray
loop is carbonated in secondary use staged,;, and black
circle is un-carbonated part, d,is total carbonation depth
in both demolition stage and secondary use stage.

Fig 3. The on-site sampling and the spherical carbonation model of a concrete particle in the
demolition stage and second-use stage. The left image is a photograph of on-site sampling;
the right image is a schematic representation of the spherical carbonation model of a concrete
particle in the demolition stage and second-use stage.



Usually, carbonation in the second-use stage is slower because a carbonated layer has formed
out of the particle surface (Yoon et al., 2007; Papadakis et al., 2011). Thus, a time slag has been
considered which was used to modify the equation 8. Then the carbonated depth in second-use

stage is:

oy = JKa %t + o X s ™

Where kg, is the carbonation rate of class i concrete during second-use stage. t; and tg are

total demolishment time and certain time in second-use stage. Then similar to demolishment
stage, the particle size would affect the carbonation fraction (Fsi) and could be calculated as
follows:

b b
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Then, the total cement uptake amount in this stage can be expressed as follow:
i clinker CaO j\4CO2
chi - (WCI B Wc"sei B chi ) X F;i X J cement % fclin ker XV X M— (9)

CaO

The factors and values mentioned before vary from different regions based on surveys.
2.3.2 Mortar uptake assessments

The mortar utilizations were separated into 3 subcomponents including: (1) rendering and
plastering mortar, (2) masonry mortar, (3) maintenance and repairing mortar (Winter and Plank,
2007; Xi et al., 2016; Guo et al., 2021). Thus, the total carbon sequestering of mortar use can

be described as below:

Cmor :Crpt + C

rmt

+ Crat

(16)

Where Crpt, Cimt, and Cimae are the uptake of the corresponding component, respectively.
Based on our previous experiment results of carbonation diffusion rates (km), in this study, km
was used to replace ke to establish a two-dimensional diffusion “slab” model, similar to that of
concrete. Also, proportion of CaO conversion was updated to gamma 1(y1). In consequence,

the carbonation of mortar used for rendering, plastering, and decorating is calculated as follows:



d, =k,x i (10)
d ¢ _dr t—
oy = =2 2 100% (11)
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M
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Where d,,, is the carbonation depth of rendering mortar. k,, is the carbonation rate

coefficient of cement mortar. t is a certain exposure time of rendering mortar after construction.

frpt 1s the annual carbonation percentage of rendering mortar in yeart. d,p,; and d,, ;1 are
the carbonation depths of rendering mortar in year t and last year (t — 1), respectively. d Trp is

the thickness for rendering mortar utilization. C,p, is the annual carbon uptake of rendering

mortar. W, is the amount of cement use for mortar. 7

»p 1s the use ratio of rendering mortar

cement in total mortar cement. yl is the proportion of CaO in mortar cement that fully
carbonated to CaCOs.

Calculation for carbon uptake of repairing and maintaining cement mortar is similar to
rendering, plastering, and decorating mortar, with differences in the utilization thickness and
the percentage of mortar for repairing and maintaining.

Differences were appeared on the calculation of mortar carbon uptake for masonry due to
the difference of the partially exposed condition, thicker utilization layers, and their covering
by rendering mortar on masonry wall surfaces. Based on surveys, here, the masonry walls were
regarded to be three types: walls with both sides rendered (Cmbt), walls with one side rendered
(Cmot), and walls without rendering (Cmnt). The main difference is the place of retendering
layers on the wall upon the masonry as shown in the transformation previous picture of Fig. 4

(Guo et al., 2021). Thus, the calculation could be as follows.
Crmat :Cmbt + Cmot + Cmnt (13)

Where Cumbt, Cmot and Cmne are the uptakes of the above classification, respectively.
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Fig. 4. The carbonation model for masonry mortar and masonry mortar actual use in real life.
The top image is a schematic representation of the carbonation model for masonry mortar. (a)
masonry mortar without rendering; (b) masonry mortar with one-side rendering; (c) masonry
mortar with two-side rendering; the bottom image is a schematic photo for actual use in real
life

Here, similar to previous model of carbon uptake in concrete, considering the carbonation

of front rendering, the calculation of carbon uptake of mortar for masonry is shown below.

0 (t<t)
d =
b Z(Kmxx/;—dTrp) (t>1) (14
0 (t<t)
fmbt = (dmbt _dmb(t—l))/dw XIOO% (tr <t< tsl) (15)
100%~d,,, /d, x100% (t=t,+1)
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Where dup is the total carbonation depth of masonry wall with both sides rendered. t is the
exposure time of masonry mortar after construction. t; is the time used when rendering mortar
full carbonation. drrp is the thickness of rendering mortar on masonry wall. i is the annual
carbonation percentage of masonry mortar with both sides rendered in year t. dmbe and dmb( -1)

are carbonation depth of masonry mortar with both sides rendered in year t and (t — 1),



respectively. dw is the thickness of masonry wall. tq is the service life of construction. 4, is

the carbonation depth of a masonry mortar with both sides rendered during service life. Cp 1S
the annual carbon uptake of masonry mortar with both sides rendered in year t. rim is the ratio
of cement use for masonry mortar in total mortar cement. 1y is the ratio of masonry mortar with
both sides rendered in total masonry mortar.
2.3.3 Construction wastes uptake assessments
Cement wastes account for 1~3% of total cement consumption based on construction budget
standards and survey data (Zhou, 2003; Lu et al., 2011). The main componence is concrete
waste (45%) and mortar waste (55%) separately (Bossink et al., 1996; Huang et al., 2013).
Thus, in this calculation, they would be considered individually, as shown below.
Crase™Castecn  Corasemor (17)
Where Cyastecon and Cyastemor are the uptakes of concrete waste and mortar waste, respectively.

Then, the construction wastes carbonation can be calculated as follow:

— " clinker Ca0 Co,
Cwastecun - (Zl VVci X f;’on X rcon ) X f;’ement X f;lm ker X /4 X M (l 8)
CaO
_ n clinker Ca0 Co,
Cwastemor - ZI I/Vmi X ](mor X Vmor X f;ement X Ji,mker X 7/1 X M (19)
CaO

Where W,; is the cement used for concrete in strength class i. f.,, is the loss rate of
concrete cement during construction stage. 1,, is the annual carbon uptake of waste concrete
during construction stage. W,,; is the cement used for mortar in strength class i, f,,, is the
loss rate of mortar cement. 7,,, is the annual carbon uptake of waste mortar during
construction stage.

2.3.4 Cement kiln dust (CKD) uptake assessments

CKD as the main by-product in cement manufacturing industry was mainly treated as

landfilled waste (USEPA, 1993; Khanna, 2003). In this work, its carbonation can be calculated

as below.

_ clinker Ca0 CO,
CCKD - VVcem X Tekp X rlandﬁll X ]pcement X fCKD XYy X M (20)
CaO

Where Weem is the cement production. rckp is the CKD generation rate when clinker production.



Tandfill 1S the ratio of CKD treated to landfill. fcfﬁ,f is the proportion of CaO in CKD

(Siriwardena et al., 2015). v is the percentage of CaO in CKD that fully carbonated to CaCOs.

Additionally, due to its rapid carbonation, this equation is single year calculation.
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2. Specific comment: Second, since this is a data paper, it would be beneficial to include a
table of your sample data in the main text. This will aid readers in understanding your data
and variables better.

Response: Thank you for your comment. Indeed, tables will aid readers in understanding
data and variables better. We originally planned to include a table in the main text. However,
it involves 92 annual data and multiple indicators over the period of 1930-2021, which are
not aesthetically presented in a tabular form in the main text. In addition, the collected and

resulted data involved in the article have been detailed in the dataset
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(https://doi.org/10.5281/zenodo.7516373) and presented in a better way as figures in the
main text. So, there is no need to add table or change figure to table with same data. Finally,
we decided to maintain the original figure format of the main text without addition of
cumbersome tables.

3. Specific comment: Third, the uncertainty is calculated using the Monte Carlo method. It
is essential to compare your results with those of previous studies to validate your estimates.
Response: Thanks for your suggestion. We have added comparative explanation in the
main text to validated our estimates. Generally, there are only a few researches (Xi et al.,
2016; Guo et al., 2021; Cao et al., 2020) covered the global cement carbonation uptake,
others only focusing on a specific area such as Spain (Sanjuan et al., 2020), Nordic
countries (Pade and Guimaraes, 2007), The taipu Dam (Possan et al., 2017). In addition,
those reaches that have the same boundary use different methods, specifically, iterative
updating. Method in Guo’s research was updated from Xi’s study, which has been specified
in Guo’s paper. (Guo et al.,2021).

Changes: In the revised version of line 367-377, adding ‘Furthermore, in order to
establish the validity of this study, we attempted cross-validation. Generally, the
coverage of the global cement carbonation uptake within the existing research is limited,
with only a handful of studies (Xi et al., 2016; Guo et al., 2021; Cao et al., 2020) delving
into this area. The majority of research focuses solely on specific regions, like Spain
(Sanjuan, et al., 2020), Nordic countries (Pade and Guimaraes, 2007) or particular
structures, such as The Itaipu Dam (Possan et al., 2017). Moreover, there is a notable
discrepancy in the methodologies employed among studies that share similar scopes.
Notably, the iterative updating approach is utilized in various studies but with distinct
variations. For instance, Guo's research method builds upon the foundation established
by Xi's work, a progression that Guo elaborates on in their paper (Guo et al., 2021).
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