Supplementary Table S2 Carbon emissions of biochar cement composites (A1/B1/C1/D1)

Materials/Processes

(105 k) Without BC A1/B1/C1/D1 (1%) A1/B1/C1/D1 2%) A1/B1/C1/D1 (3%) A1/B1/C1/D1 (5%) Ecoinvent inputs
kg
OPC 29400 29100 28800 28500 27900 Cement production, Portland
Wat 5 69 2.69/4.93/ 2.69/7.17/ 2.69/9.41/ 2.69/13.89/ Tap water production,
ater .
4.37/6.61 6.05/10.53 7.73/14.45 11.09/22.29 conventional treatment
. 149.32/174.21/149.32/ 298.64/348.42/298.64/ 447.97/522.63/447.97/  746.61/871.05/746.61/ . .
BC300 production (-) - Biochar preparation
174.21 348.42 522.63 871.05
0/0/1272/ 0/0/1908/ 0/0/3180/ China carbon emissions
NaOH - 0/0/636/636
1272 1908 3180 database
177.47/177.9 . .
. 167.02/167.11/167.02/ 169.63/169.82/169.63/ 172.24/172.52/172.24/ Transportation distance: 30
Transportation 164.4 4/177.47/
167.11 169.82 172.52 km
177.94
) . 0.44/0.45/ 0.87/0.89/ 1.31/1.34/ 2.18/2.23/
Avoided emission (-) - -
0.44/0.45 0.87/0.89 1.31/1.34 2.18/2.23

27331.37/27
28672.81/28627.68/299 28225.65/28157.96/301

o 29119.95/29097.38/29757.63/ 218.55/3051
Net emission 29567.088 48.17/ 38.69/ -
29735.06 9.77/
29903.04 30071.00
30406.95
comment:

1) According to the <Construction Carbon Emission Calculation Standard> issued by China, the carbon emission factors of OPC and water are 735 kg-tonne™! and 0.168 kg-tonne™ ,

respectively. Moreover, energy losses from transportation aren't considered as the water is assumed to be directly sourced from the laboratory [5'1.

1 [S2,

2) The energy consumption for biomass collection is 241.992 kg-MJ™!, with diesel carbon emissions at 3.1863 kg CO» kg~ 53, Refer to the calculation formula as shown in

Equation (S1) 54,

M, x241.992x3.1863

G
" 43

(S1)

Where, M, and Gy represent biomass mass and CO; emissions during biomass transportation, respectively.
3) The heat loss rate of the biomass drying process is 25%, and the energy consumption of its pretreatment is calculated as follows (S2) [*°/. Based on the actual conditions of local

corn straw, the moisture content is set at 20%. Moreover, the electrical energy required per unit of biomass pulverized was 273.382 MJ-t'!, referring to the calculation formula as



shown in Equation (S3) 557,

H _ M water X T X Cwater + M biomass x T X Cbiomass + H X M water
e (1-0.25) (52)
ngind = Mbiomass x 273382 (83)

Where, Myazer, T, and Mpiomass represent the total dry weight of water, the temperature difference during drying (the value is 80 °C in this study), and biomass transported to the plant (t),
while Cuaer and Chiomass represent the specific heat capacity of water and biomass (kg-(kg-C)™), respectively. Moreover, Hgrina and Mpiomass Tepresent the electricity consumed for
biomass pulverization (MJ-t!) and the mass of biomass (t), respectively.

4) Bio-oil is assumed to be used as the energy source for biomass pyrolysis and the syngas offset equivalent of coal is calculated using Equation (S4) °%). The calorific value of syngas,
the power conversion efficiency, and the CO: emissions from coal-fired power generation are 3.98 MJ-kg™!, 35%, and 1.07 kg'(kW-h)™!, respectively, as shown in Equation (S4) [**-

5101, Moreover, 80% of the stabilized carbon is used as permanently sequestered carbon [°!''-5'2), Refer to the calculation formula as shown in Equation (S5).

Mgas xH,,  xLxBx1000
G= 36 (S4)

H=MxCx80%x3.67 (S5)
Where, Mg is the mass of syngas, Hpea is the calorific value of biogas, L is the power conversion factor, B is the CO emissions from coal power production, H is the carbon
sequestration capacity of biochar, M is the mass of biochar, and C is the carbon content of biochar. In addition, the conversion factor for C-CO; is 3.67 [5''],
5) According to the °'*! biomass landfill-related emissions of CO,is 11.13 g (m2-h) ' and CH4 is 0.98 g (m?-h)~!. Furthermore, the landfill time is assumed to be one month.

6) The carbon emission factor of NaOH is 1.59 kg CO2.kg™!, and the capacity of ultrasonic cleaner is 15L [5'4],
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