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Life cycle assessment on CO, emission for biochar concrete

WU Wei'?, LU Yunan'®, QIN Yinghong"*?, XIE Jinli"*, TAN Kanghao'*

(1. School of Civil Engineering and Architecture, Guangxi University, Nanning 530004, Guangxi. China;
2. Key Laboratory of Disaster Prevention and Structural Safety of Ministry of Education, Guangxi University,
Nanning 530004, Guangxi, China; 3. Guangxi Hualan Geotechnical Engineering Limited Company .,
Nanning 530001, Guangxi, China)

Abstract: To evaluate the CO, emissions of biochar concrete, life cycle assessment technology was
used to construct a carbon emission calculation model for the production of biochar by biomass
pyrolysis, a CO, emission model for biochar concrete from raw material production to concrete
demolition and abandonment, and a carbonation-absorption model for biochar concrete during
service period. Meanwhile, the effect of biochar replacing cement in mass ratio on the mechanical
properties of concrete was studied. On this basis, the CO, emission for I m® C30 biochar concrete
were calculated and compared with that of ordinary C30 concrete. The results show that biochar

is a carbon negative material and the higher carbon content, the better the CO, reduction effect.
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When the replacement rate of biochar is less than 5. 0%, the ultrafine carbon particles after

grinding can give full play to the filling and internal curing effects and effectively improve the

mechanical properties of concrete. The life-cycle CO, emission of biochar concrete decreases with

the increase of biochar replacement rate. Compared with ordinary C30 concrete, the CO, emission

of 1 m* wood biochar concrete with 5% replacement rate can reduce 66. 5 kg CO, emissions with a

reduction rate of 20.7%. During the service period of biochar concrete, the absorption of CO, by

carbonation accounts for 1. 8%-2. 5% of the total carbon emissions. However, due to the

exponential growth of the specific surface area of concrete in the demolition and abandonment

stage, the amount of carbonation absorption needs further study.

Key words: biochar concrete; life cycle; CO, emission; agriculture and forestry biomass
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Fig. 1 Life cycle assessment technical framework
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Fig.2 Carbon emission system boundary of

biochar concrete
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Fig.3 Slow pyrolysis process and yield of biochar
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Table 1 Carbon sequestration potential of syngas replacing coal for power generation
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Fig. 4 C content of biochar prepared by pyrolysis
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Table 2 Carbon sequestration ability of biochar
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Table 4 Mix proportions of biochar concrete
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Fig. 6 Measured and predicted values of 1 year

carbonization depth of WBC concrete
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Table S Amount of CO, absorbed by biochar concrete during S0 year service period

ZH CK WBC_1 WBC_3 WBC_5 RBC_1 RBC_3 RBC_5

WAL E d/mm 6.53 6.70 7.15 7.30 6.70 7.15 7.30
REMMBA A/m? 5.68 5.68 5.68 5.68 5.68 5.68 5.68
K EFH/ (kg » m™?) 377.00 373.23 365. 69 358.15 373.23 365. 69 358.15
CaO R/ % 63.57 63.57 63.57 63.57 63.57 63.57 63.57
A% v/ % 77.6 78. 2 80. 8 85.5 78.2 80. 8 85.5

CO; 5 CaO EE/R H M, 0.786 0.786 0.786 0.786 0.786 0.786 0.786
e fb-FE Ak i/ (kg » m™ %) 5.42 5.55 6. 00 6.34 5.55 6. 00 6. 34
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Table 6 Life cycle CO, emissions of biochar concrete
R Ci/kg C./kg Cem/kg C./kg Ca/kg Ce//kg Cend/ kg Cioi/ kg
WBC_1 268. 3 27.5 1. 65 6.49 1.19 —5.55 7.56 307.2
WBC_3 242.1 27.5 1. 65 6.49 1.19 —6.00 7.56 280.5
WBC_5 215.9 27.5 1. 65 6.49 1.19 —6.34 7.56 254.0
RBC_1 271.5 27.5 1. 65 6.49 1.19 —5.55 7.56 310. 3
RBC_3 251.6 27.5 1. 65 6.49 1. 19 —6.00 7.56 290. 0
RBC_5 231.7 27.5 1. 65 6.49 1. 19 —6.34 7.56 269. 8
CK 281.4 27.5 1. 65 6. 49 1.19 —5.42 7.56 320.5
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