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Fig.3 Quantitative analysis of carbon emission and carbon reduction effect in the whole life cycle of buildings
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Table 1 Conversion coefficient of carbon emission equivalent of main greenhouse gases in 100 years
CO, N,O CH, PFCs HFCs
GWP/( kgCO, * kg™) 1 25 298 7 390 14 800
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2 18
Table 2 Other emission factors of common building materials "
735 kgCO,, / t €30 295 kgCO,,/ m’
C40 340 kgCO,,/ m’ C50 385 kgCO,,/ m’
261. 62 kgCO,,/ m’ 3D 234. 08 kgCO,, / m’®
! 2.51 kgCO,,/ t / 2. 18 kgCO,, / t
f=1.6~3.0 d =10 ~30 mm
0. 168 kgCO,,/ t 178 kgCO,./ t
1 190 kgCO,,/ t 2 138.5 kgCO,,/ t
3 18 21
Table 3 Carbon emission factors of common construction machinery " *'
/( kgCO,, * ) /( kgCO,, * )
/75 (kV + A) 74.2 /40 mm 10.6
/40 mm 10. 1 /40 mm 27.3
22.8 /(60m* +h™") 296
/75 (kV + A) 101. 4 /5.5 kW 18.5
/500 mm 20.4 /10 t 124
4 18
Table 4 Carbon emission factors of transportation
/ /
( kgCO,, *t™" +km™) ( kgCO,, *t™" +km™)
/ 81 0.115 / 18 t 0. 104
/ 18t 0. 129 0.011
0.010 0.010
0.012 0.015
o 3D
“ ” 0 3D
o 3D 3D
( Ansys) 3D o
3.1
0 3.1.1
3D
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Fig.5 Topology iterative optimization process of

bridge with 20 %— <30 % mass range

6 20% ~ <30%
Fig.6 Bridge model with topological optimization
of 20 %— <30 % mass
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3D
3.2 C40 2 400 kg/ m’
3D N 2 324.5
N kg/ m’ 5.
C30 2 370 kg/ m’
3D 0
0 HRB400 HPB300
3D
3 3D 0
C40 o
o 3D 0 180
3D 3D d 20 2 760 kWh .
( 5) 3D 3.3
. 3D 10 3.3.1
cm/s 3 cm, 2 cm 3 3D
min. 3D Amran 23 3D
:3.9kWh) 7 5.
130 d 10 3 652 kWh . 3D
2 216 kg/m’
234. 08 kgCO,,/ m’ ;
2 324.5 kg/m’
261. 62 kgCO,,/ m* . 3D
Workbench
174.78 m’ .
0.18 m’
174.6 m® .
7 3D
Fig.7 3D printed details of bridge substructure 6.
5 3D
Table S Mix proportion design and carbon emission of 3D printed concrete and fly ash concrete
3D /(kg*m™) 278.0 145.0 1211.0 285.0 7.0
/( kgCO,, *+t7") 19.6 14.0 2.51 0. 168 1 480
/(kg*m™) 114 749 953 160 5.5
/(kgCO,, *t7") 19.6 2.51 2.18  0.168 600
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Table 6 Carbon emissions of main projects in building construction process
/ /
kgCO,, % 1%
C30 178.51 m’ 295 kgCO,,/ m’ 52 660. 45 32.32
C40 63.47 m’ 340 kgCO,,/ m’ 21 579.8 13.24
3D 174.6 m’ 234. 08 kgCO,,/ m’ 40 870. 45 25.08 89. 12
3D 13 512.48 kg 2 138.5 kgCO,, /'t 28 896. 44 17.73%
6.84 t 178 kgCO,,/ t 1217.52 0.75
982.673 t 0. 104 kgCO,,/( t * km) 5061.58 3.11 3.11
— — 7214 4.43
1120 a 2.09 kgCO,./( +a) 2 340.8 1.44 7.77
3 652.37 kWh 0. 85 kgCO,/ kWh 3 104.51 1.90
C30 178.51 m’ 295 kgCO,./ m’ 52 660. 45 27.16
€40 257.61 m’ 340 kgCO,, m’ 87 587. 4 45.17
12 753. 05 kg 2 138.5 kgCO,,/ t 27 272. 4 14. 06 87.31
9.96 t 178 kgCO,./ t 1 772. 88 0.92
1 064.053 t 0. 104 kgCO,,/( t * km) 5513.05 2.84
— — 10 570 5.45
2.84
3120 a 2.09 kgCO,./(  +a) 6 520.8 3.36
2370 kWh 0. 85 kgCO,/ kWh 2014.5 1.04 9.85
C30 178.51 m’ 295 kgCO,,/ m’ 52 660. 45 29.48
C40 63.47 m’ 340 kgCO,./ m’ 21 579.8 12.08
194. 14 m’ 261. 62 kgCO,,/ m’ 50 790.91 28.43 86.25
12 753. 05 kg 2 138.5 kgCO,,/ t 27 272. 4 15.27
9.96 t 178 kgCO,,/ t 1772. 88 0.99
1049.39 ¢ 0. 104 kgCO,,./( t * km) 5 452.07 3.05 3.05
— — 10 570 5.92
3120 a 2.09 kgCO,,/ (= a) 6 520.8 3.65 10.7
2 370 kWh 0. 85 kgCO, / kWh 2014.5 1.13
; (3) ;
= (4)
3; 3D 3D
3.3.2 . 3D
7o
8 7 3D
o 3D
. 3D

3D
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Table 7 Carbon reduction amount and effect of 3D printing construction compared with other construction methods

3D 3D /kgCO,. 3D /%
/ / /
kgCO,, kgCO,, kgCO,,
66 007. 6 50 790. 91 40 870. 45 25 137. 15 9 920. 46 38.08 19.53
27 272. 4 27 272. 4 28 896. 44 -1 624.04 -1 624.04 -5.95 -5.95
1772.88 1772.88 1217.52 555.36 555.36 31.33 31.32
5513.05 5452.07 5 061.58 451. 47 390. 49 8.19 7.16
10 570 10 570 7214 3 356 3 356 31.75 31.75
6 520.8 6 520.8 2 340.8 4180 4180 64. 1 64. 1
2014.5 2014.5 3 104.51 -1 090. 01 -1 090. 01 -54.11 -54.11
193 911. 48 178 633. 81 162 945. 47 30 966. 01 15 688. 34 15.97 8.78
C40 3D 3D
+ 3D
3D
4
LCA 3D
3D
1) 3D
8 0% .
Fig.8 Comparative analysis of partial carbon emissions in
hysical and chemical stages of bridges
Py 8 8 70% ~80% . 3D
. 10% ~30%
3D °
2) 3D
15.97% 8. 78% 3D
o 3D
3.11% 7.77% 28.02% 27.84%
89.12% o 3) 3D
3D 3D
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Analysis of carbon emissions and

carbon reduction rffect of 3D printing
buildings based on LCA method

MENG Qingcheng' HU Lei' LI Mingjian' WAN Da'
WU Haojie' QI Xin®

(1 School of Civil Engineering and Geomatics Southwest
Petroleum University Chengdu 610500 China; 2 School of
Chengdu

Civil Engineering  Southwest Jiaotong University

610031 China)

Abstract: Aiming at the evaluation of carbon emission and
carbon reduction effect of 3D printed buildings the life cycle

evaluation method is adopted to define the calculation boundary

and calculation model of carbon emission of 3D printing
buildings. The carbon emission of 3D-printed buildings in the
materialization stage is compared with that of traditional buildings
and general green buildings. The quantitative analysis shows the
following results: First in the materialization stages of 3D
printing construction and traditional construction and general
green construction the carbon emissions of building materials
account for about 90% of the total carbon emissions. Among the
carbon emissions of building materials the carbon emissions of
concrete are dominant accounting for about 70% - 80%. 3D
printing of special concrete can effectively reduce the carbon
emission per cubic meter of concrete by 10% —30% by adding
fly ash silica fume and other materials instead of some cement
which has a good carbon reduction effect. Secondly the total
amount of carbon emissions generated during the material
transportation and construction of the 3D printing construction
mode is reduced by 28. 02% and 27. 84% respectively compared
with the traditional construction mode and the general green
construction mode. Finally in the building materialization
stage the total carbon emissions of 3D printing construction are

reduced by 15.97% and 8.78%

traditional  construction

compared with those of

and general green construction

respectively which indicates that 3D printing construction can
not only reduce the carbon of traditional construction but also
reduce the carbon of general green construction using low-carbon
concrete. It is concluded that the way of carbon reduction in the
construction industry should focus on new building materials and
while the characteristics of low—

and high

new construction technologies

” .
construction

carbon concrete  “template-free
mechanization of building 3D printing technology meet this
requirement and the carbon reduction effect is remarkable
which is conducive to promoting the carbon reduction action in
the construction industry.

Key words: basic disciplines of environmental science and
technology; 3D printing; life cycle assessment;
emission  from carbon

carbon buildings;

reduction effect
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