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The detail calculation of Fig. 15a
Generally, the material, energy and carbon stream of filling material preparation and grouting process are very critical index. Therefore, the material, energy and carbon stream of CO2-mineralized fully solid waste filling material for coal mine goafs backfill was analyzed. Based on the previous results, the filling material (F60C35R05) shows good performances and CO2 sequestration (14.4 kg/t). Thus, 60% FA, 35% CS, and 5% RM were used to analyze the material, energy and carbon stream. Here, taking 100 t mixed slag including FA, CS, and RM as an example. 
(1) Material stream
For fly ash, the pretreatment was mainly feeding process, where we assume that material loss ratio was about 2%. Therefore, the loss amount of fly ash was about 1.20 t.
For calcium carbide slag and red mud, the pretreatment includes crushing, sieving, and feeding process, and the corresponding material loss ratio was 0.5%, 0.5%, and 1%, respectively. Consequently, the loss amount of CS and RM was 0.7 t and 0.1 t, respectively.
After pretreatment, these slags (98 t) were mixed with 50 t water in a stirrer. The total amount of slurry was 148 t after stirring. Then, about 1.44 t CO2 was sequestered through carbonation and 149.44 t slurry was prepared. In the grouting process, about 1% slurry was loss. Therefore, 147.95 t slurry was grouted in to coal mine goafs finally.
(2) Energy stream
The process of pretreatment (crushing, sieving, and feeding), stirring, grouting need relevant machines to finish, which needs consume energy. The power and processing capacity of these machines was shown below in Table S2. The detail calculation process was shown below.
(1) FA pretreatment energy consumption: 60÷13.36*0.4=1.80 kwh;
(2) CS pretreatment energy consumption: 35÷6.02*6.6+34.83÷5.96*0.22+34.65÷5.9*0.2=40.83 kwh;
(3) RM pretreatment energy consumption: 5÷6.02*6.6+4.98÷5.96*0.22+4.95÷5.9*0.2=5.83kwh
(4) Water pump energy consumption: 50÷13*2.6=10 kwh
(5) Stirrer energy consumption: 148÷33.67*3.5=15.38 kwh
(6) Grouting pump energy consumption: 149.44÷3.367*9=399.45 kwh
Table S1 The power and processing capacity of machines for pretreatment, stirring and grouting 
	Machines 
	Power (kw)
	Capacity (t/h)

	Crusher
	6.6
	6.02

	Sieving machine
	0.22
	5.96

	Feeding machine for FA
	0.4
	13.36

	Feeding machine for CS
	0.2
	5.9

	Feeding machine for RM
	0.2
	5.9

	Stirrer
	3.5
	33.67

	Water pump
	2.6
	13

	Grouting pump
	9
	3.367


(3) Carbon stream
The energy consumption occurs the CO2 emission. Therefore, the energy-related CO2 emission was calculated based on the CO2 emission index (0.841) to electric power industry. 
The total energy consumption: 1.8+40.83+5.83+10+15.38+399.45=473.29 kwh;
The energy-related CO2 emission: 473.29*0.841=398.04 kg
The net CO2 sequestration: 1.44-0.39804=1.04 t

Table S2 The underground space volume of coal mine goaf in major provinces of the Yellow River Basin from 2016 to 2020 in China

The underground space volume (V) generated after coal mining mainly consists of the underground space volume (V1) of the coal mine goaf, the rock expansion volume (V2), and the surface subsidence basin volume (V3). The relationship of between V with V1, V2, and V3 was shown in Eq. 1 [1]. 

The underground space volume (V) generated after coal mining can be calculated based on the coal production (w) and average density (ρ=1.35 t/m³). Therefore, the underground space volume (V) of coal mines is calculated by Eq.2 below. 

Rock expansion volume (V2) is estimated by Eq.3 as follows. 

where the value of k is taken as 0.1 [2].
The surface subsidence basin volume (V3) is estimated by Eq.4 below.

The underground space volume (V1) of the worked-out area is calculated by Eq.5 below.

[bookmark: OLE_LINK4]According to data released by the National Bureau of Statistics, the total production of raw coal in major provinces of the Yellow River Basin by the end of 2020 was 14.094 Gt. Based on an average coal density of 1.35 t/m³, the volume (V) generated after coal mining was 9.605 Gm³ (with underground mining accounting for 92%). Therefore, the underground space volume (V1) of the worked-out area formed by underground coal mines from 2016 to 2020 was 2.59 Gm³ (Table S1).
Here, if the average coal production is about 3 Gt per year in the major provinces along the Yellow River Basin from 2020 to 2030, a total of 30 Gt coal will be produced. Based on the Eq.2, the volume (V) generated after coal mining was about 20.44 Gm³. Therefore, the underground space volume (V1) of the coal mine goaf formed by underground coal mines from 2020 to 2030 was approximately 5.57 Gm³. The total underground space volume (V1) of the coal mine goaf formed by underground coal mines from 2016 to 2030 was approximately 8.16 Gm³, indicating vast potential for the utilization of these areas. These spaces can accommodate about 12.24 Gt filing materials (calculated at a density of 1.5 t/m3), thereby the potential of CO2 sequestering (with a carbon sequestration rate of 1.4%) was 0.18 Gt. 

Table S2 The underground space volume of coal mine goaf in major provinces of the 
Yellow River Basin from 2016 to 2020 in China
	Provinces
	Raw coal production from 2016 to 2020 
(Gt)
	Volume of underground space after coal mining (V) (Gm3)
	Subsidence coefficient
η
	Underground space of goaf in working face (V1) (Gm3)
	Rock expansion volume (V2) (Gm3)
	The surface subsidence basin volume (V3) (Gm3)

	Shanxi
	4.596
	3.132
	0.7
	0.854
	0.0854
	2.1924

	Inner Mongolia
	4.694
	3.199
	0.7
	0.872
	0.0872
	2.2393

	Shannxi
	3.018
	2.057
	0.7
	0.561
	0.0561
	1.4399

	Henan
	0.584
	0.398
	0.74
	0.094
	0.0094
	0.29452

	Shandong
	0.607
	0.414
	0.74
	0.098
	0.0098
	0.30636

	Ningxia
	0.369
	0.251
	0.7
	0.069
	0.0069
	0.1757

	Gansu
	0.182
	0.124
	0.7
	0.034
	0.0034
	0.0868

	Qinghai
	0.044
	0.03
	0.7
	0.008
	0.0008
	0.021

	Total 
	14.094
	9.605
	　
	2.59
	0.259
	6.75598
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