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A Model for Lifecycle CO, Assessment of Building Structures
Considering the Mixture Proportions of Concrete
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ABSTRACT The present study proposes a phased model to assess the lifecycle CO, amount of concrete structures. The considered
system boundary is from cradle to recycling, which includes constituent material, transportation, batching and mixing in ready-mixed
concrete plant, use and demolition of structure, and crushing and recycling of demolished concrete. The CO, uptake of concrete by
carbonation during lifetime (40 years) of a structure and the recycling life (20 years) after demolition is estimated using a simple
approach generalized to predict the carbonation depth from the surfaces of concrete element and recycled aggregates. Based on the
proposed phased model, a performance evaluation table is realized to straightforwardly examine the lifecycle CO, amount of
concrete structures. The proposed model demonstrates that the contribution of ordinary portland cement (OPC) to lifecycle CO,
emission of the concrete structure occupies approximately 85%. Furthermore, the CO, uptake is estimated to be approximately 15 ~
18% of the lifecycle CO, emissions of concrete structures, which corresponds to be 19 ~22% of the emissions from OPC production.
Overall, the proposed CO, performance table is expected to be practically useful as a guideline to determine the CO, emission or

uptake at each phase of concrete structures.
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Fig. 1 Schematic identification of concrete lifecycle

202 | SF=E3C|Ese| ==& M26¢ M2= (2014)

COx (G B AAPH ] S8l Thg 2& o] §5tol
499 5 gk

Ciops = Coyt Cpt Cpt Cpt Cyt Cpt Cy+ Cy )

otal

0%7]/\_]’ CM’ CT) CP’ C(H CS’ CD’ CB U*] CRT—L; Z]—Z}‘ XH
7, &F, TAYE A, B, 72E AR, SiA, HE

AES s 9 AL dAelM 9 COo, Foltt.
21 AI2E FAOIM 2+ SAI'E "I

2.1.1 M=E=H
FAYE FHLAEXHMEA A, TA, & W =3}
Aell &gt Co, MEWC)S thes Aoz A Er).

Cy= E( W; % COyi)1¢1) 2

A71A, i ZAYE BAkE 9l ol &8 4 s Eel,
o] Folm, W8 COyyypei= 22 AE i
(kg/m’) 7} CO, W& AeH2](COrkg/kg)©l

1o
0
o,
oo
)
X,
o

o Am A A Y] Al AAI= dEAF oA FE 7F
F-AF F FFHE N (gate)7HA ot
2.1.2 28H]

w3 2ol g 5 ok FAYE AR
AMFE v G7HA; AakE 22 ES ¢
FelMPH A7, T2 WA - AZAYES
ol MFE AT, A=A el A5
B 2 A-Ex7hA ok whebe EeA oA 2 COo, Hi

FUHCPS H A oRHE A

o &

i
ool 4 L

n

Cr= ;( W, X D; X CO?(i)LCITE)+

DX COyey  WpXDpX COypey + 3)

1

E( Wy (5) X Dp(35) % 002(]')%1,,?)

i=1

714, D AR 9 FTA dnE FZ7A S £
A (km)ol™, COyy ey & AR i8] EEFT] CO,
H2)(COx-kg/km - kg)ol ™, D= v 3ol AlE
A7 €] SRAZ (km)o ™, COppey, 2 BV AFE
o] CO, 99| (COy-kgkm - m’)ol™, W= A o &2
AYE] FA oM (kg/m’), D= AFE Aol A2
Y E 2 FZ7HA 9 Al (km)olH, ji= AZEHE o]
st wL()e AEE A 7 AE AvgR jol o
3 FAlkg/mh)olH, D,(j)E TGl 7F S8
7HA 2 ARl (km)ol™, COy ey, = AEE ZA jO] &

e o [



T C Oz AL (CO-kg/km - kg)olth. &rtol] of
& Aed AR fle Al AHMEA ARe 23 ' &
] 27}% =4 2 A ZAYEL ASE A=

A ZAYEE 6m’ £ duE E

8
T 7]%QE Age o Sk

ZaeE AxTHE 7 AT s, A9, A,
EPIRY 0 L £F 59 s¥HoR 7Y F 9
ok 57 BN BEAOE AgEE JANNE 2

aPE PR AL 98 ARG} ARLUE §
g ulo]olRE ), 2ALE Yol by, 22

g E AAeA M2l CO, viEH O 2 T olA 9]
1AV 2 HE Ab|EE UA GO RFE A E
Atk U] w2 Tl tist AgzAERYE 23
ZE Im’ & A8 A o uA] Yoz E
gatE Cco, 9E9lE 9F 071 COrkgm’Z H7ETh?

=

B

2.4 E32E EAHY

ZAYE Bl 9% CO, MR CHS AHEHE VI
gule] dish f7F 9 AVAEREY] FRoR AlEd
AUtk B Al AR E = TIAH = 2 E J2A
As715 18T 5 grk Ay o] A<l AxZA
& dolel wet co, A7t Afol7t =l B ol
7} 28 mel - CO, Yl 3.06 COrkgm’ ©]™, &
Zdol7F 52mel A 1 F 6.2 COrkg/m’oltt? A7)
 odyx|do] A2 ZAYE 1m’Y WFS Y%
AR 5o ® 7HgEhd, X712 Co, Akl 0.18
COrkg/m’ 2.2 B7hd 4= 9ty

n&L kit

i fo 4y X

2.1.5 ASHH

TZ2E 292 A% ouAd 9 2 avEe F2E
7152 A W G Foll oal et AfolE Kol
H, o5l gt vlojE] FF% ofx mu|dt ot}
A T EE ARl S COo, MER( Oy Fd
gkstel o3t Cco, TS mEsth EAE
Abstel] oJgt o, 4 B7PE S 3% ZpAIS] UE
Atk F2E AMTES HAAY Al 1S
ZlEWgAge] uet 40302 7Py st

a2

Mo Lo

2.1.6 OH&l S|

TZ2E S AGA A 2 CO, WEXH(Cp) 3 A2 ()
A2, dapaye] e aiAdn] e fF 2 A
= ol &sto] AAFE = vk sAZu= k), o

A s, ggedela W Ak Fol aedE Sk
°l= %Hl—a—A 28] AUAZHE ZAE FHAE e

CO, 9= 6.61 COrkgm’E H7kd 5= QJuh'”

g7
i
A

Table 1 Recycling details of demolished concrete in Korea

Recycled aggregates
Recyclin
ﬁ}éld g Road |Sub-road | Embank |Back| New Secondary
concrete
base | base -ment | filler |concrete
product
Portion
@ |10 3 31 [ 17| 4 5
(1)
daﬁmaxl 40 20 5
(mm)
d,? (mm) 25 15 Y

e, e is maximum size of recycled aggregates (concrete
crusher-run).

@ Mean size of recycled aggregates is obtained from
particle distribution curve of each d, max.
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Table 2 Correction factor (3s) for the substitution of
supplementary cementitious materials (SCMs)

Type Substitution level of SCMs (%)
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 - - - -

Note) FA: fly ash, GGBS: ground granulated blast-furnace
slag, SF: silica fume
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Table 3 Correction factor (3¢) for the finishing materials on concrete surface

. Indoor area Outdoor area
Finishing N M n M n N
condition | _ 0. Plaster ortar Mortar orFar Tile Paint . 0. 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

Calculation of cart depthusing Calculation of CO,
1) Details of concrete structures Eq.(7) uptake
- Mixing proportions of concrete

- Absorbable CO amount : Eq. (3) during service life

- Dimension and exposure Eq. (2
environment of cach member - Diffusion coefficient of CO : Eq. (8) q.(2) Total
2 2
D Life expectancy of structures After demolition of structure co,
uptake

Calculation of CO, uptake
during recycling span : Eq. (2)
i

Calculation of carbonation depth
during stockpile period and recycling
application : Eq. (7)

_Absorbable CO5 amount - Eq. (3)

- Diffusion coefficient of CO; - Eq. (8)

Input data during recycling phase

1) Details of recycling application
- Portion in cach recycling ficld
- Diameter of concrete crusher-run
- Pastes bonded on the RCA.

- Environment in each recycling LY
field Calculation of Consideration of decreased CO,
2) Recycling span 1 carbonatable surface | | diffusion rate and increased CO;
3) Stockpile period for each area in each concentration for application below
recycling application recycling application ground

Fig. 4 Schematic procedure for CO, uptake assessment of
concrete during use and recycling phases
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Table 4 Performance evaluation table for lifecycle CO, assessment of concrete structures (typical example for wall 1)

Material phase

. . . Transportation
Functional unit (FU): Concrete constituent :
P (gate to ready-mixed concrete plant)
A B C=A'B D E F=A-D-E
Unit Distance
Item kg/FU CO»-kg/kg CO»-kg/FU (km) CO»-kg/kg-km CO»-kg/FU
OPC 348 9.31E-01 3.24E+02 277 5.18E-05 4.99E+00
Sand 867 2.34E-03 2.03E+00 47 6.30E-05 2.57E+00
Coarse 923 3.23E-03 2.98E+00 37.6 6.30E-05 2.19E+00
Water 179 1.12E-04 2.00E-02 - - -
Sum 329.02 Sum 9.75
Production (Fresh concrete) phase
. Batching and mixing Transportation (plant to construction site)
Unit A B C=AB D E F=AD-E
3.
Item FU COx-kg/m’ COx-kg/m’ km COZ'I;‘;/m k CO»-kg/FU
Facilities Im’ 0.71 0.71 50 5.01E-02 2.51
Casting phase
Unit A B C=A'B
Ttem FU COy-kg/m’ COx-kg/m’
Pump car o 6.2 6.2 -
Vibrator 0.18 0.18
Sum 6.38
Use phase of structure
A B C D E F G=D-EF
N N . Exposed surface acon Xe CO, uptake
Service life Type Finishing material area (m) (gfem’) (cm) (kg/m’)
40 years Indoor wall Tile 13.32 0.09 1.87 -23.1
Demolition and crushing phases
) Concrete Transportation (building site to crushing plant)
Unit A B C=AB D E F G=D-E-F
Item FU CO,-kg/m’ CO,-kg/m’ kg km Ck(;?;‘ng/ CO,-kg/FU
Demolition - 6.61 6.61 2300 50 6.30E-05 7.25
m
Crushing 11.41 11.41
Sum | 1802
Recycling phase
A B C D E E G H = Transportation (crushing plant to application site)
E-F-G 1 J K L=1-J-K
. Exposed CO,
. .. Portion| d, acon Xe COx-kgy/
Life | Activity 0 surface area 3 uptake kg km ; CO»-kg/FU
(%) | (mm) (m?) (g/enr’) | (cm) (ke/m’) kgkm
Embank-| =371 o5 32.1 0.5 | -13.46 713 2.25
ment
Road base| 15| 59 12.9 025 | 271 230 0.72
layer
Sub load
33 25 34.2 0.5 -14.33 759 2.39
yg;)rs base layer 0.10 50 6.30E-05
Secondary | 5| 5 5 51.8 055 | -038 115 0.36
product
New 4 15 6.9 055 | -026 92 0.29
concrete
Back filler| 17 25 17.6 0.5 -7.38 391 1.23
Sum -38.52 Sum 7.24

Total = 319.2 CO»-kg/m® [= 380.8(Emission due to

concrete) - 61.62 (Uptake due to carbonation)]
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Table 5 Mixture proportions of concrete with different
SCMs (fx=24 MPa)

Binder Unit weight (kg/m’)
type Water | OPC |GGBS| FA | Sand | Gravel
OPC 179 348 - - 867 923
OPC+GG 87
BS 179 261 (25%) - 865 921
opc+FA | 179 | 322 | - | 3% | 837 | o3
(10%)
Note) Figures in parenthesis refer to the substitution level of
SCMs
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Fig. 7 Effect of the substitution of SCMs on lifecycle CO,
assessment of concrete walls
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