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The present study assessed the amount of CO, uptake owing to concrete carbonation through a case study for an apartment building
with a principal wall system and an office building with Rahmen system under different exposed environments during use phase and
recycling application. The CO, uptake assessment owing to concrete carbonation followed the procedure established by Yang et al. As
input data necessary for the case study, actual surveys conducted in 2012 in Korea, which included data about the climate
environments, CO, concentration, lifecycle inventory database, life expectancy of structures, and recycling activity scenario, were
used. From the comparisons with the CO, emissions from concrete production, the CO, uptake during the lifetime of structures was
estimated to be 5.5~5.7% and that during recycling activity after demolition was 10~12%; as a result, the amount of CO, uptake owing to
concrete carbonation can be estimated to be 15.5~17% of the CO, emissions from concrete production, which roughly corresponds to
18-21% of the CO,emissions from cement production as well.
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Table 1. Correction factor(5s) for the substitution of
supplementary cementitious materials(SCMs)

Substitution level of SCMs(%)

Type
0-10 10-20 20-30 30-40 | 40-50 60-80

FA 1.05 1.05 1.10 1.10 - -

GGBS 1.05 1.10 1.15 1.20 1.25 1.30

SF 1.05 1.10 - - - -

FA=fly ash, GGBS=ground granulated blast-furnace slag, and
SF=silica fume.
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Table 2. Correction factor(5r) for the finishing materials on concrete surface

Indoor area Outdoor area
Finishing v n v, n N
condition NO. Plaster ortar Mortar ort.ar Tile Paint . o. Mortar Paint Tile
finishing plaster paint finishing
Value 1.0 0.79 0.41 0.29 0.15 0.21 0.57 1.0 0.28 0.8 0.7
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Input data during use phase
P! suser Calculation of carbonation depth using

1) Details of concrete structures Eq.(6)

- Mixing proportions of concrete “Absorbable CO, amount -Eq. (2)

- Dimension and exposure
et of eot mmember - Diffusion coefficient of CO; - Eq. (7)

2)Life expectancy of structures

Calculation of CO; uptake

using Eq. (1)

After demolition of structure

{

Tnput data during recycling phasc ‘ 1) Consid

Calculation of carbonation depth
the stockpile periodl dyring stockpile period and recycling
for each recyeling application | qpplication : Eq. (6)

1) Details ofrecycling application

2) For application below ground
-Decreased CO, diffusion rate

- Portion in each recycling field

, N 2
- Diameter of conerete csher-ran Absorbable CO; amount - Eq. (2)

~Tncreased CO, concentration | - Diffusion coefficient of CO; 1 Eq. (7)

- Pastes bonded on the RCA. ’
- Environment in each recycling
field Calculation of carbonatable surface

2)Recycling span area in each recycling application

Fig. 1. CO; uptake assessment procedure in concrete
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Table 3. Recycling details of demolished concrete in Korea

Recycled
concrete lump
) aggregates
Recycling . R
field Road | Sub-roa | Embank | Back | New ccondary
concrete
base | d base | -ment | filler | concrete
product
Portion(%) | 10 33 31 17 4 5
*
da_max 40 20 5
(mm)
da**(mm) 25 15 2.5

* da_max is maximum size of concrete crusher-run.
** Mean size of concrete crusher-run is obtained from particle
distribution curve of each da_max.
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(b) Office building with rhamen system

Fig. 2. Typical floor plan of the selected structures
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Table 4. CO, assessment for emissions and uptake in the selected concrete structures (per story).

(@) Apartment building

Concrete Carbonatable CO, CO2 uptake (kg)
volume surface area emission During recycling activities for Ay e
. 2 2 Durin; " :
fok (m”) (m) from g (60 years after demolition)
Floor service
(i) SEEED : Road Secondary
production life Embank Sub-road New Back
Wall | Slab Wall Slab 40 base concrete Sum
(kg) (40 years)| _ment base layer concrete filler
layer product
Base-
ment - 213 1,067 - 69,563 790 3,175 640 3,380 89 61 1,741 | 9,087
Ist 24 90 80 907 1,077 55,927 3,602 1,928 389 2,053 54 37 1,057 | 5,518
210" 89 79 892 1,037 54,936 3,515 1,876 378 1,997 53 36 1,029 | 5,368
Roof - 79 - 1,037 25,861 414 973 196 1,035 27 19 533 2,783
Total 891 1,083 | 10,002 | 11,447 645,775 36,441 22,958 4,629 24,440 644 443 12,590 | 65,704
(b) Office building
Concrete Volume(m3) Carbonatablez CO2 uptake (kg)
surface area(m”) CO,
emission . During recycling activities for Ay
Story ek from Du@ng (60 years after demolition)
(MPa) concrete | S€TVice
Beam | <% | wall | siab | Beam | ™ | wail | Stab Droductiont| LS Road | Sub | Secon-
-mn -mn . (40 Emban base -road | dary New | Back Sum
(kg) -kment base | concrete | concrete | filler
years) layer
layer | product
Base-
ment - - - 548 - - - 2,738 170,807 | 2,028 | 9,006 | 1816 | 9,587 | 253 174 | 4,939 | 25,775
B2 27 - 47 243 - - 315 ]2,435 - 90,700 1,026 | 4,548 | 917 | 4,841 128 88 2,494 | 13,015
23 108 47 243 | 205 | 718 315 |2,435| 2,738 188,339 | 5,965 | 7,858 | 1584 | 8,365 220 152 | 4,309 | 22,489
10" ” 53 20 35 123 | 392 131 354 | 1,635 75,430 5,808 | 2,690 | 542 | 2,864 75 52 1,475 | 7,699
Roof 53 - - 123 | 392 - - 1,635 57,364 2,487 | 2,239 | 451 | 2,383 63 43 1,228 | 6,408
Total 659 295 841 | 2102 | 5,025 | 1,937 |8,413| 23,459 | 1,261,510 | 69,589 |50,553 | 10192 |53,815| 1,418 976 27,723 (144,676
3 = — = - —
F32|E9] 1m’ MAOA HIEE COUS 217t 36kgTt 372kg0|  OMIFEQ| LHTASH SOF KX CO, LRI 36,441kgO 2 Hte
RSO, 015 2foil et AIMES] 7|6EE2 212t 86.5%2% 83.4% U=dl, 0l= EEE\E MATHAO A BIEE CO YOl 2F 5.6%
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Table 5. Mixture proportions of concrete

C}. ofoj| e

1=

Unit weight (kg/m’)

Compresshlve e
strengt Water Cement | Gravel Sand
24MPa 155 303 975 891
0.5
27MPa 175 333 871 872
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Amount of CO, (ton)
(@) Apartment building
_11'5%[: During recycling
| activity after demolition (60 years)
o Uptake
-5.5% [Z] During service life (40 years)
Mix |0.01 %
Emissions Transport 14 %
from r
concrete | Aggregate & Water 0.6 %
productio 8 85.5%
(100 %) OPC ]
-800  -600 -400  -200 0 200 400 600 800 1000 1200

Amount of CO; (ton)

(b) Office building

Fig. 3. Comparisons of CO, emissions in concrete production
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