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[bookmark: _Toc137579454][bookmark: OLE_LINK34]Text S1 Estimation of recyclability and removability
Recyclability and removability reflect the recycling and removing difficulty in industrial solid waste, respectively. Based on previous research (1, 2), recyclability and removability were determined by the following equations: 

	 	

	 	

	 	
where pi is the concentration of substance i (%), n is the total number of the substance in the IW sample and H is the entropy of the IW sample (bit). D and R are the grade and recyclability of the IW sample, respectively, and the details of the parameter in Eqs. (2) and (3) refer to Zeng’s study (1).

	 	

	 	
where D’ is the removal grade of the IW sample, m’ is the number of the metal removed from the IW sample, ji’ is the stability of the valence of the metal ranks from low to high, N’ is the total number of metal valences, R’ is the removability of the IW sample (bit-1), and 100 is the coefficient of amplification.

[bookmark: _Hlk99812614][bookmark: _Toc137579455]Text S2: The determination of the grade of recyclability (D) and removability (D’) for chemically combined substances: the case of Fe, FeS, and Fe2O3


i. iron in a certain solid waste generally has three valences (i.e., 0, +2, +3)
ii. if the iron was only in the singlet form and consistent with the target phase, m = i = 1, N = 3, j = 1, and D = 1;
iii. if the iron was only in the FeS form and the target phase was monomeric iron, m = i = 1, N = 3, j = 2, and D = 2/3;
iv. if the iron was only in the Fe2O3 form and the target phase was monomeric iron, m = i = 1, N = 3, j = 3, and D = 1/3;
v. if the solid waste is a mixture containing 20% Fe, 30% FeS, and 50% Fe2O3 (mass fraction), D = 1×20% + 2/3×30% +1/3×50% = 17/30. 
[bookmark: OLE_LINK7]vi. grad of the removability calculation is the same as that of recyclability. But the values of m’ and j’ are taken differently, referring to Text S1.

[bookmark: _Toc137579456]Table S1 Value of crustal abundance and cut-off grade. For more details, see the cited references.
	Metal
	Crustal abundance (3)
(%)
	Cut-off grade
(%)

	Lead (Pb)
	1.4E-03
	0.2

	Hydrargyrum (Hg)
	8.5E-06
	0.005

	Cadmium (Cd)
	1.5E-05
	0.001

	Chromium (Cr)
	1.0E-02
	5

	Arsenic (As)
	1.8E-04
	0.02

	Nickel (Ni)
	8.4E-03
	0.1

	Copper (Cu)
	6.0E-03
	0.05

	Zinc (Zn)
	7.0E-03
	0.4

	Silver (Ag)
	7.5E-06
	0.0001

	Vanadium (V)
	1.2E-02
	0.15

	Manganese (Mn)
	9.5E-02
	4

	Cobalt (Co)
	2.5E-03
	0.01

	Thallium (Tl)
	8.5E-05
	0.001

	Antimony (Sb)
	2.0E-05
	0.4

	Lithium (Li)
	2.0E-03
	0.02

	Beryllium (Be)
	2.8E-04
	0.03

	Boron (B)
	1.0E-03
	1

	Aluminum (Al)
	8.2E+00
	40

	Titanium (Ti)
	5.6E-01
	5

	Iron (Fe)
	5.6E+00
	10

	Gallium (Ga)
	1.9E-03
	0.001

	Germanium (Ge)
	1.5E-04
	0.001

	Selenium (Se)
	5.0E-06
	0.0006

	Strontium (Sr)
	3.7E-02
	12

	Zirconium (Zr)
	1.7E-02
	0.04

	Niobium (Nb)
	2.0E-03
	0.004

	Molybdenum (Mo)
	1.2E-04
	0.01

	Indium (In)
	2.5E-05
	0.001

	Tin (Sn)
	2.3E-04
	0.03

	Tellurium (Te)
	1.0E-07
	0.0002

	Barium (Ba)
	4.3E-02
	8

	Hafnium (Hf)
	3.0E-04
	0.0001

	Tantalum (Ta)
	2.0E-04
	0.004

	Tungsten (W)
	1.3E-04
	0.02

	Rhenium (Re)
	7.0E-08
	0.001

	Gold (Au)
	4.0E-07
	0.00001

	Bismuth (Bi)
	8.5E-07
	0.01

	Palladium (Pd)a
	4.1E-07
	0.000008

	Platinum (Pt)a
	4.1E-07
	0.000008

	Irdium (Ir)a
	4.1E-07
	0.000008

	Ruthenium (Ru)a
	4.1E-07
	0.000008

	Lanthanum (La)a
	6.3E-03
	0.05

	Yttrium (Y)a
	6.3E-03
	0.05

	Scandium (Sc)a
	6.3E-03
	0.05

	Magnesium (Mg)
	2.33
	19

	Carbon (C)
	0.048
	/

	Silicon (Si)
	28.2
	/

	Phosphorus (P)
	0.105
	1

	Sulfur (S)
	0.035
	1


Note:
a Crustal abundance and metal market prices of PGM and REE use their mean values.

[bookmark: _Toc137579457]Table S2 Determination of the Hi, Di, and Di’of gold cyanide tailing in elements (compounds) recycling process
	Element
	Crustal abundance (%)
	Cut-off grade (%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Pb
	0.0014
	0.2
	3
	3
	2
	0.45
	0.035
	0.33
	1
	1
	1

	Cu
	0.006
	0.05
	3
	3
	3
	0.14
	0.013
	0.33
	1
	1
	1

	Zn
	0.007
	0.4
	2
	2
	2
	0.15
	0.014
	
	0.5
	
	0.5

	Ag
	0.0000075
	0.0001
	2
	2
	2
	0.001
	0.00017
	0.5
	1
	1
	1

	Al
	8.23
	40
	2
	2
	2
	7.06
	0.27
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	3.91
	0.18
	
	
	
	

	Au
	0.0000004
	0.00001
	2
	1
	1
	0.0003
	5.5E-05
	1
	1
	1
	1

	C
	0.048
	/
	
	
	
	4.52
	0.20
	
	
	
	

	O
	46.1
	/
	
	
	
	52.31
	0.49
	
	
	
	

	Si
	28.2
	/
	
	
	
	21.26
	0.48
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	2.29
	0.13
	1
	1
	1
	1

	Other
	
	
	
	
	
	7.9087
	0.29
	
	
	
	


[bookmark: _Toc137579458]Table S3 Determination of the Hi, Di, and Di’of copper tailing in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Pb
	0.0014
	0.2
	3
	3
	2
	0.01
	0.0013
	
	0.67
	
	0.67

	Cd
	0.000015
	0.001
	3
	3
	3
	0.0002
	3.8E-05
	
	0.33
	
	0.33

	Cr
	0.0102
	5
	3
	3
	2
	0.002
	0.00031
	
	
	
	

	As
	0.00018
	0.02
	3
	3
	2
	0.01
	0.0013
	
	0.67
	
	0.67

	Ni
	0.0084
	0.1
	3
	3
	2
	0.004
	0.00058
	
	
	
	

	Cu
	0.006
	0.05
	3
	3
	3
	0.29
	0.024
	0.333333
	1
	1
	1

	Zn
	0.007
	0.4
	2
	2
	2
	0.05
	0.0055
	
	0.5
	
	0.5

	V
	0.012
	0.15
	5
	5
	5
	0.006
	0.00084
	
	
	
	

	Mn
	0.095
	4
	3
	3
	3
	0.15
	0.014
	
	0.33
	
	0.33

	Co
	0.0025
	0.01
	3
	3
	2
	0.006
	0.00084
	
	0.67
	
	0.67

	Al
	8.23
	40
	2
	2
	2
	5.5
	0.23
	
	
	
	

	Ti
	0.56
	5
	4
	2
	2
	0.3
	0.025
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	13.09
	0.38
	0.33
	1
	1
	1

	Se
	0.000005
	0.0006
	4
	4
	3
	0.0002
	3.8E-05
	
	0.5
	
	0.5

	Sr
	0.037
	12
	2
	2
	2
	0.004
	0.00058
	
	
	
	

	K
	2.09
	2
	
	
	
	2.2
	0.12
	
	
	
	

	Na
	2.36
	10
	
	
	
	1
	0.066
	
	
	
	

	Ca
	4.15
	48
	
	
	
	3.6
	0.17
	
	
	
	

	Mg
	2.33
	19
	
	
	
	1.6
	0.095
	
	
	
	

	O
	46.1
	/
	
	
	
	41.67
	0.53
	
	
	
	

	Si
	28.2
	/
	
	
	
	23
	0.49
	
	
	
	

	P
	0.105
	1
	
	
	
	0.09
	0.0091
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	1
	0.066
	1
	1
	1
	1

	Other
	
	
	
	
	
	6.4176
	0.25
	
	
	
	



[bookmark: _Toc137579459]Table S4 Determination of the Hi, Di, and Di’of iron tailing in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Cr
	0.0102
	5
	3
	3
	2
	0.02
	0.0025
	
	0.67
	
	0.67

	Cu
	0.006
	0.05
	3
	3
	3
	0.01
	0.0013
	
	0.33
	
	0.33

	Zn
	0.007
	0.4
	2
	2
	2
	0.004
	0.00058
	
	
	
	

	Mn
	0.095
	4
	3
	3
	3
	0.06
	0.0064
	
	
	
	

	Al
	8.23
	40
	2
	2
	2
	1.03
	0.068
	
	
	
	

	Ti
	0.56
	5
	4
	2
	2
	0.02
	0.0025
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	11.039
	0.35
	0.33
	1
	1
	1

	K
	2.09
	2
	
	
	
	0.21
	0.019
	
	
	
	

	Na
	2.36
	10
	
	
	
	0.22
	0.019
	
	
	
	

	Ca
	4.15
	48
	
	
	
	1.06
	0.070
	
	
	
	

	Mg
	2.33
	19
	
	
	
	1.76
	0.10
	
	
	
	

	O
	46.1
	/
	
	
	
	48.54
	0.51
	
	
	
	

	Si
	28.2
	/
	
	
	
	35.79
	0.53
	
	
	
	

	P
	0.105
	1
	
	
	
	0.09
	0.0091
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	0.08
	0.0082
	
	0.75
	
	0.75

	Cl
	0.0145
	/
	2
	1
	2
	0.06
	0.0064
	
	0.5
	
	0.5

	Other
	
	
	
	
	
	0.007
	0.00097
	
	
	
	


Note: * 50% of each valence
[bookmark: _Toc137579460]Table S5 Determination of the Hi, Di, and Di’of non-ferrous metal tailing in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Pb
	0.0014
	0.2
	3
	3
	2
	0.05
	0.0055
	
	0.67
	
	0.67

	Cd
	0.000015
	0.001
	3
	3
	3
	0.0003
	5.5E-05
	
	0.33
	
	0.33

	Cr
	0.0102
	5
	3
	3
	2
	0.01
	0.0013
	
	
	
	

	Ni
	0.0084
	0.1
	3
	3
	2
	0.02
	0.0025
	
	0.67
	
	0.67

	Cu
	0.006
	0.05
	3
	3
	3
	0.005
	0.00071
	
	
	
	

	Zn
	0.007
	0.4
	2
	2
	2
	0.02
	0.0025
	
	0.5
	
	0.5

	Mn
	0.095
	4
	3
	3
	3
	0.11
	0.011
	
	0.33
	
	0.33

	Al
	8.23
	40
	2
	2
	2
	6.54
	0.26
	
	
	
	

	Ti
	0.56
	5
	4
	2
	2
	0.41
	0.033
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	4.43
	0.20
	
	
	
	

	Sr
	0.037
	12
	2
	2
	2
	0.17
	0.016
	
	0.5
	
	0.5

	Zr
	0.0165
	0.04
	2
	2
	2
	0.026
	0.0031
	
	0.5
	
	0.5

	Mo
	0.00012
	0.01
	2
	2
	2
	0.03
	0.0035
	0.5
	1
	1
	1

	Ba
	0.0425
	8
	2
	2
	2
	0.098
	0.0098
	
	0.5
	
	0.5

	K
	2.09
	2
	
	
	
	4.22
	0.19
	
	
	
	

	Na
	2.36
	10
	
	
	
	1.08
	0.071
	
	
	
	

	Ca
	4.15
	48
	
	
	
	4.28
	0.19
	
	
	
	

	Mg
	2.33
	19
	
	
	
	1.16
	0.075
	
	
	
	

	O
	46.1
	/
	
	
	
	46
	0.52
	
	
	
	

	Si
	28.2
	/
	
	
	
	29.7
	0.52
	
	
	
	

	P
	0.105
	1
	
	
	
	0.12
	0.012
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	0.72
	0.051
	
	0.75
	
	0.75

	Other
	
	
	
	
	
	0.8007
	0.056
	
	
	
	



[bookmark: OLE_LINK16][bookmark: _Toc137579461]Table S6 Determination of the Hi, Di, and Di’of iron and steel slag in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Al
	8.23
	40
	2
	2
	2
	2.47
	0.13
	
	
	
	

	Ti
	0.56
	5
	4
	2
	2
	0.41
	0.033
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	24.29
	0.50
	0.33
	1
	1
	1

	Ca
	4.15
	48
	
	
	
	21.71
	0.48
	
	
	
	

	Mg
	2.33
	19
	
	
	
	7.86
	0.29
	
	
	
	

	O
	46.1
	/
	
	
	
	34.29
	0.53
	
	
	
	

	Si
	28.2
	/
	
	
	
	6.39
	0.25
	
	
	
	

	P
	0.105
	1
	
	
	
	0.14
	0.013
	
	
	
	

	Other
	
	
	
	
	
	2.44
	0.13
	
	
	
	



[bookmark: _Toc137579462]Table S7 Determination of the Hi, Di, and Di’of copper slag in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Pb
	0.0014
	0.2
	3
	3
	2
	1.78
	0.10
	0.33
	1
	1
	1

	Ni
	0.0084
	0.1
	3
	3
	2
	0.25
	0.022
	0.33
	1
	1
	1

	Cu
	0.006
	0.05
	3
	3
	3
	10.6
	0.34
	0.33
	1
	1
	1

	Zn
	0.007
	0.4
	2
	2
	2
	0.47
	0.036
	0.5
	1
	1
	1

	Al
	8.23
	40
	2
	2
	2
	0.55
	0.041
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	40.2
	0.53
	0.33
	1
	1
	1

	Ca
	4.15
	48
	
	
	
	0.2
	0.018
	
	
	
	

	O
	46.1
	/
	
	
	
	17.45
	0.44
	
	
	
	

	Si
	28.2
	/
	
	
	
	12.27
	0.37
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	1.9
	0.11
	1
	1
	1
	1

	Other
	
	
	
	
	
	14.33
	0.40
	
	
	
	


[bookmark: _Toc137579463][bookmark: OLE_LINK17]Table S8 Determination of the Hi, Di, and Di’of lead-zinc slag in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Pb
	0.0014
	0.2
	3
	3
	2
	0.92
	0.062
	0.33
	1
	1
	1

	Zn
	0.007
	0.4
	2
	2
	2
	3.2
	0.16
	0.5
	1
	1
	1

	Mn
	0.095
	4
	3
	3
	3
	1.39
	0.086
	
	0.33
	
	0.33

	Al
	8.23
	40
	2
	2
	2
	5.99
	0.24
	
	
	
	

	Ti
	0.56
	5
	4
	2
	2
	0.36
	0.029
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	20.84
	0.47
	0.33
	1
	1
	1

	K
	2.09
	2
	
	
	
	0.93
	0.063
	
	
	
	

	Na
	2.36
	10
	
	
	
	2.41
	0.13
	
	
	
	

	Ca
	4.15
	48
	
	
	
	9.67
	0.33
	
	
	
	

	Mg
	2.33
	19
	
	
	
	3.67
	0.17
	
	
	
	

	O
	46.1
	/
	
	
	
	34.23
	0.53
	
	
	
	

	Si
	28.2
	/
	
	
	
	12.94
	0.38
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	2.15
	0.12
	1
	1
	1
	1

	Other
	
	
	
	
	
	1.3
	0.081
	
	
	
	



[bookmark: _Toc137579464]Table S9 Determination of the Hi, Di, and Di’of red mud in elements (compounds) recycling process 
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Al
	8.23
	40
	2
	2
	2
	12.39
	0.37
	
	0.5
	
	0.5

	Ti
	0.56
	5
	4
	2
	2
	2.64
	0.14
	
	0.75
	
	0.75

	Fe
	5.63
	10
	3
	3
	3
	10.99
	0.35
	0.33
	1
	1
	1

	Na
	2.36
	10
	
	
	
	6.97
	0.276
	
	
	
	

	Ca
	4.15
	48
	
	
	
	9.5
	0.32
	
	
	
	

	Mg
	2.33
	19
	
	
	
	0.78
	0.055
	
	
	
	

	O
	46.1
	/
	
	
	
	34.41
	0.53
	
	
	
	

	Si
	28.2
	/
	
	
	
	8.91
	0.31
	
	
	
	

	Other
	
	
	
	
	
	13.41
	0.39
	
	
	
	



[bookmark: _Toc137579465]Table S10 Determination of the Hi, Di, and Di’of coal gangue in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di'
	Di'

	Mn
	0.095
	4
	3
	3
	3
	0.01
	0.0013
	
	

	Al
	8.23
	40
	2
	2
	2
	20.55
	0.47
	0.5
	0.5

	Ti
	0.56
	5
	4
	2
	2
	0.59
	0.044
	0.75
	0.75

	Fe
	5.63
	10
	3
	3
	3
	0.18
	0.016
	
	

	K
	2.09
	2
	
	
	
	0.07
	0.0073
	
	

	Na
	2.36
	10
	
	
	
	0.02
	0.0025
	
	

	Ca
	4.15
	48
	
	
	
	0.11
	0.011
	
	

	Mg
	2.33
	19
	
	
	
	0.05
	0.0055
	
	

	O
	46.1
	/
	
	
	
	42.83
	0.52
	
	

	Si
	28.2
	/
	
	
	
	20.98
	0.47
	
	

	P
	0.105
	1
	
	
	
	0.01
	0.0013
	
	

	Other
	
	
	
	
	
	14.6
	0.41
	
	



[bookmark: _Toc137579466]Table S11 Determination of the Hi, Di, and Di’of coal fly ash in elements (compounds) recycling process
	Element
	Crustal abundance(%)
	Cut-off grade(%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di'
	Di'

	Al
	8.23
	40
	2
	2
	2
	11.7
	0.36
	0.5
	0.5

	Ti
	0.56
	5
	4
	2
	2
	0.38
	0.031
	
	

	Fe
	5.63
	10
	3
	3
	3
	5.83
	0.24
	0.33
	0.33

	K
	2.09
	2
	
	
	
	0.37
	0.030
	
	

	Ca
	4.15
	48
	
	
	
	1.84
	0.10606
	
	

	Mg
	2.33
	19
	
	
	
	0.55
	0.041
	
	

	O
	46.1
	/
	
	
	
	45.61
	0.52
	
	

	Si
	28.2
	/
	
	
	
	26.98
	0.51
	
	

	S
	0.035
	1
	4
	1
	2
	0.29
	0.024
	0.75
	0.75

	Other
	
	
	
	
	
	6.45
	0.26
	
	



[bookmark: _Toc137579467][bookmark: OLE_LINK18]Table S12 Determination of the Hi, Di, and Di’of desulfurization gypsum in elements (compounds) recycling process
	Element
	Crustal abundance (%)
	Cut-off grade (%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Al
	8.23
	40
	2
	2
	2
	0.95
	0.064
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	0.33
	0.027
	
	
	
	

	Ca
	4.15
	48
	
	
	
	29.68
	0.52
	
	
	
	

	O
	46.1
	/
	
	
	
	45
	0.52
	
	
	
	

	Si
	28.2
	/
	
	
	
	1.33
	0.083
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	20.41
	0.47
	1
	1
	1
	1

	Other
	
	
	
	
	
	2.3
	0.13
	
	
	
	



[bookmark: _Toc137579468]Table S13 Determination of the Hi, Di, and Di’of phosphogypsum in elements (compounds) recycling process
	Element
	Crustal abundance (%)
	Cut-off grade (%)
	N (N')
	j
	j'
	Content (%)
	Hi
	Element recycling
	Compound recycling

	
	
	
	
	
	
	
	
	Di
	Di'
	Di
	Di'

	Mn
	0.095
	4
	3
	3
	3
	0.002
	0.00031
	
	
	
	

	Al
	8.23
	40
	2
	2
	2
	0.12
	0.012
	
	
	
	

	Fe
	5.63
	10
	3
	3
	3
	0.09
	0.0091
	
	
	
	

	K
	2.09
	2
	
	
	
	0.07
	0.0073
	
	
	
	

	Na
	2.36
	10
	
	
	
	0.03
	0.0035
	
	
	
	

	Ca
	4.15
	48
	
	
	
	21.3
	0.48
	
	
	
	

	Mg
	2.33
	19
	
	
	
	0.03
	0.0035
	
	
	
	

	O
	46.1
	/
	
	
	
	38.92
	0.53
	
	
	
	

	Si
	28.2
	/
	
	
	
	4.4
	0.20
	
	
	
	

	P
	0.105
	1
	
	
	
	0.51
	0.039
	
	
	
	

	S
	0.035
	1
	4
	1
	2
	16.34
	0.43
	1
	1
	1
	1

	F
	0.0585
	5
	2
	1
	2
	0.52
	0.039
	
	0.5
	
	0.5

	Cl
	0.0145
	/
	2
	1
	2
	
	
	
	
	
	

	Other
	
	
	
	
	
	17.668
	0.44
	
	
	
	



[bookmark: _Toc137579469]Table S14 Determination of the Hi, Di, and Di’of gold cyanide tailing in downcycling use
	GCT
	Content (%)
	Hi
	Di 
	Di' 

	Fe2O3
	3.91
	
	0.0391
	

	SiO2
	21.26
	
	0.2126
	

	Al2O3
	7.06
	
	0.0706
	

	SO3
	2.29
	
	
	0.0229

	Au
	0.00033
	
	
	0.0000033

	Ag
	0.00092
	
	
	0.0000092

	Cu
	0.14
	
	
	0.0014

	Pb
	0.45
	
	
	0.0045

	Zn
	0.15
	
	
	0.0015

	Si-Ca-Al-Fe
	32.23
	0.53
	
	

	other
	67.77
	0.38
	
	



[bookmark: _Toc137579470]Table S15 Determination of the Hi, Di, and Di’of copper tailing in downcycling use
	CT
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	5.1000
	
	0.051
	

	Fe2O3
	18.7000
	
	0.19
	0.19 

	SiO2
	49.4940
	
	0.49
	

	TiO2
	0.5000
	
	
	

	Al2O3
	10.3000
	
	0.10
	

	K2O
	2.6000
	
	
	

	Na2O
	1.3000
	
	
	

	MgO
	2.7000
	
	
	

	SO3
	2.6000
	
	
	0.026 

	MnO
	0.2000
	
	
	0.0020 

	As
	0.0115
	
	
	0.00012 

	Cd
	0.0002
	
	
	0.0000020 

	Co
	0.0060
	
	
	0.000060 

	Cu
	0.2940
	
	
	0.0029 

	Cr
	0.0016
	
	
	

	Ni
	0.0039
	
	
	

	Pb
	0.0117
	
	
	0.00012 

	Se
	0.0002
	
	
	0.0000020

	Sr
	0.0039
	
	
	

	V
	0.0059
	
	
	

	Zn
	0.0481
	
	
	0.00048 

	Si-Ca-Al-Fe
	83.5940
	0.22
	
	

	other
	16.4060
	0.43
	
	



[bookmark: _Toc137579471]Table S16 Determination of the Hi, Di, and Di’of iron tailing in downcycling use
	IT
	Content (%)
	Hi
	Di 
	Di' 

	Fe2O3
	12.34
	
	0.12
	0.12

	SiO2
	76.65
	
	0.77
	

	Al2O3
	2.54
	
	0.025
	0.025

	Si-Ca-Al-Fe
	91.53
	0.12
	
	

	other
	8.47
	0.30
	
	



[bookmark: _Toc137579472]Table S17 Determination of the Hi, Di, and Di’of non-ferrous metal tailing in downcycling use
	NFT
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	5.99
	
	0.060
	

	Fe2O3
	6.33
	
	0.063
	

	P2O5
	0.28
	
	
	

	SiO2
	63.65
	
	0.64
	

	TiO2
	0.69
	
	
	

	Al2O3
	12.36
	
	0.12
	

	K2O
	5.08
	
	
	

	Na2O
	1.46
	
	
	

	MgO
	1.94
	
	
	

	SO3
	1.80
	
	
	0.018

	MnO
	0.07
	
	
	0.00070

	NiO
	0.02
	
	
	0.00020

	SrO
	0.12
	
	
	0.0012

	ZnO
	0.01
	
	
	0.00010

	BaO
	0.11
	
	
	0.0011

	ZrO
	0.03
	
	
	0.00030

	PbO
	0.03
	
	
	0.00030

	MoO3
	0.02
	
	
	0.00020

	Cd
	0.00
	
	
	0.0000026

	Cu
	0.01
	
	
	

	Cr
	0.01
	
	
	

	Ni
	0.01
	
	
	0.000059

	Pb
	0.02
	
	
	0.00020

	Sr
	0.07
	
	
	0.00068

	Zn
	0.01
	
	
	0.000084

	Mn
	0.06
	
	
	0.00055

	Mo
	0.01
	
	
	0.00014

	Si-Ca-Al-Fe
	88.33
	0.16
	
	

	other
	11.67
	0.36
	
	



[bookmark: _Toc137579473]Table S18 Determination of the Hi, Di, and Di’of iron and steel slag in downcycling use
	I&S
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	30.40
	
	0.30
	

	Fe2O3
	34.70
	
	0.35
	0.35

	P2O5
	0.32
	
	
	

	SiO2
	13.70
	
	0.14
	

	TiO2
	0.68
	
	
	

	Al2O3
	4.67
	
	0.047
	

	MgO
	13.10
	
	
	

	Si-Ca-Al-Fe
	83.47
	0.22
	
	

	other
	16.53
	0.43
	
	



[bookmark: _Toc137579474]Table S19 Determination of the Hi, Di, and Di’of copper slag in downcycling use
	CS
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	0.28
	
	0.0028
	

	Fe2O3
	40.2
	
	0.40
	0.40

	SiO2
	26.3
	
	0.26
	

	Al2O3
	1.04
	
	0.010
	

	SO3
	4.75
	
	
	0.048

	Cu
	10.6
	
	
	0.11

	Ni
	0.25
	
	
	0.0025

	Pb
	1.78
	
	
	0.018

	Zn
	0.47
	
	
	0.0047

	Si-Ca-Al-Fe
	67.82
	0.38
	
	

	other
	32.18
	0.53
	
	



[bookmark: _Toc137579475]Table S20 Determination of the Hi, Di, and Di’of lead-zinc slag in downcycling use
	NFS
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	13.54
	
	0.14
	

	Fe2O3
	26.97
	
	0.27
	0.27

	SiO2
	27.72
	
	0.28
	

	TiO2
	0.6
	
	
	

	Al2O3
	11.32
	
	0.11
	

	K2O
	1.12
	
	
	

	Na2O
	3.25
	
	
	

	MgO
	6.12
	
	
	

	SO3
	2.15
	
	
	0.022

	MnO
	1.79
	
	
	0.018

	Pb
	0.92
	
	
	0.0092

	Zn
	3.2
	
	
	0.032

	Si-Ca-Al-Fe
	79.55
	0.26
	
	

	other
	20.45
	0.47
	
	



[bookmark: _Toc137579476]Table S21 Determination of the Hi, Di, and Di’of red mud in downcycling use
	RM
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	13.3
	
	0.13
	

	Fe2O3
	15.7
	
	0.16
	0.16

	P2O5
	
	
	
	

	SiO2
	19.1
	
	0.19
	

	TiO2
	4.4
	
	
	0.044

	Al2O3
	23.4
	
	0.23
	0.23

	K2O
	
	
	
	

	Na2O
	9.4
	
	
	

	MgO
	1.3
	
	
	

	SO3
	
	
	
	

	Si-Ca-Al-Fe
	71.5
	0.35
	
	

	other
	28.5
	0.52
	
	



[bookmark: _Toc137579477]Table Determination of the Hi, Di, and Di’of coal gangue in downcycling use
	CG
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	0.15
	
	0.0015
	

	Fe2O3
	0.26
	
	0.0026
	

	P2O5
	0.03
	
	
	

	SiO2
	44.95
	
	0.45
	

	TiO2
	0.99
	
	
	0.0099

	Al2O3
	38.81
	
	0.39
	0.39

	K2O
	0.09
	
	
	

	Na2O
	0.03
	
	
	

	MgO
	0.09
	
	
	

	MnO
	0.01
	
	
	

	Si-Ca-Al-Fe
	84.17
	0.21
	
	

	other
	15.83
	0.42
	
	



[bookmark: _Toc137579478]Table S23 Determination of the Hi, Di, and Di’of coal fly ash in downcycling use 
	CFA
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	2.57
	
	0.026
	

	Fe2O3
	8.33
	
	0.083
	0.083

	P2O5
	
	
	
	

	SiO2
	57.82
	
	0.58
	

	TiO2
	0.64
	
	
	0.0064

	Al2O3
	22.1
	
	0.22
	0.22

	K2O
	0.45
	
	
	

	Na2O
	
	
	
	

	MgO
	0.91
	
	
	

	SO3
	0.73
	
	
	0.0073

	Si-Ca-Al-Fe
	90.82
	0.13
	
	

	other
	9.18
	0.32
	
	



[bookmark: _Toc137579479]Table S24 Determination of the Hi, Di, and Di’of desulfurization gypsum in downcycling use
	DG
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	41.55
	
	0.42
	

	Fe2O3
	0.47
	
	0.0047
	0.0047

	SiO2
	2.86
	
	0.029
	

	Al2O3
	1.8
	
	0.018
	0.018

	SO3
	51.02
	
	
	0.51

	Si-Ca-Al-Fe
	46.68
	0.51
	
	

	other
	53.32
	0.48
	
	



[bookmark: _Toc137579480]Table S25 Determination of the Hi, Di, and Di’of the phosphogypsum in downcycling use
	PG
	Content (%)
	Hi
	Di 
	Di' 

	CaO
	29.82
	
	0.30
	

	Fe2O3
	0.132
	
	0.0013
	0.0013

	P2O5
	1.17
	
	
	

	SiO2
	9.43
	
	0.094
	

	TiO2
	
	
	
	

	F
	0.52
	
	
	0.0052

	Al2O3
	0.236
	
	0.0024
	0.0024

	K2O
	0.086
	
	
	

	Na2O
	0.043
	
	
	

	MgO
	0.055
	
	
	

	SO3
	40.86
	
	
	0.41

	MnO
	0.002
	
	
	0.000020

	Si-Ca-Al-Fe
	39.618
	0.53
	
	

	other
	60.382
	0.44
	
	



[bookmark: _Toc137579481]Table S26 Determination of the Di’of the IW in landfill
	Element
	Crustal abundance
(%)
	N'
	j'
	Content (%)
	D'

	
	
	
	
	GCT
	CT
	IT
	NFT
	I&S
	CS
	NFS
	RM
	CG
	CFA
	DG
	PG
	GCT
	CT
	IT
	NFT
	I&S
	CS
	NFS
	RM
	CG
	CFA
	DG
	PG

	Pb
	0.0014
	3
	2
	0.45
	0.01
	
	0.05
	
	1.78
	0.92
	
	
	
	
	
	0.67
	0.67
	
	0.67
	
	0.67
	0.67
	
	
	
	
	

	Cd
	0.000015
	3
	3
	
	0.0002
	
	0.0003
	
	
	
	
	
	
	
	
	
	0.33
	
	0.33
	
	
	
	
	
	
	
	

	Cr
	0.0102
	3
	2
	
	
	0.02
	
	
	
	
	
	
	
	
	
	
	
	0.67
	
	
	
	
	
	
	
	
	

	As
	0.00018
	3
	2
	
	0.01
	
	
	
	
	
	
	
	
	
	
	
	0.67
	
	
	
	
	
	
	
	
	
	

	Ni
	0.0084
	3
	2
	
	
	
	0.02
	
	0.25
	
	
	
	
	
	
	
	
	
	0.67
	
	0.67
	
	
	
	
	
	

	Cu
	0.006
	3
	3
	0.14
	0.29
	0.01
	
	
	10.6
	
	
	
	
	
	
	0.33
	0.33
	0.33
	
	
	0.33
	
	
	
	
	
	

	Zn
	0.007
	2
	2
	0.15
	0.05
	
	0.02
	
	0.47
	3.2
	
	
	
	
	
	0.5
	0.5
	
	0.5
	
	0.5
	0.5
	
	
	
	
	

	Ag
	0.0000075
	2
	2
	0.001
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	
	
	
	

	Mn
	0.095
	3
	3
	
	0.15
	
	0.11
	
	
	1.39
	
	
	
	
	
	
	0.33
	
	0.33
	
	
	0.33
	
	
	
	
	

	Co
	0.0025
	3
	2
	
	0.006
	
	
	
	
	
	
	
	
	
	
	
	0.67
	
	
	
	
	
	
	
	
	
	

	Al
	8.23
	2
	2
	
	
	
	
	
	
	
	12.39
	20.55
	11.7
	
	
	
	
	
	
	
	
	
	0.5
	0.5
	0.5
	
	

	Ti
	0.56
	4
	2
	
	
	
	
	
	
	
	2.64
	0.59
	
	
	
	
	
	
	
	
	
	
	0.75
	0.75
	
	
	

	Fe
	5.63
	3
	3
	
	13.09
	11.039
	
	24.29
	40.2
	20.84
	10.99
	
	5.83
	
	
	
	0.33
	0.33
	
	0.33
	0.33
	0.33
	0.33
	
	0.33
	
	

	Se
	0.000005
	4
	3
	
	0.0002
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	
	
	

	Sr
	0.037
	2
	2
	
	
	
	0.17
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	

	Zr
	0.0165
	2
	2
	
	
	
	0.026
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	

	Mo
	0.00012
	2
	2
	
	
	
	0.03
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	

	Ba
	0.0425
	2
	2
	
	
	
	0.098
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	

	Au
	0.0000004
	2
	1
	0.0003
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	

	S
	0.035
	4
	2
	2.29
	1
	0.08
	0.72
	
	1.9
	2.15
	
	
	0.29
	20.41
	16.34
	0.75
	0.75
	0.75
	0.75
	
	0.75
	0.75
	
	
	0.75
	0.75
	0.75

	F
	0.0585
	2
	2
	
	
	
	
	
	
	
	
	
	
	
	0.52
	
	
	
	
	
	
	
	
	
	
	
	0.5

	Cl
	0.0145
	2
	2
	
	
	0.06
	
	
	
	
	
	
	
	
	
	
	
	0.5
	
	
	
	
	
	
	
	
	





[bookmark: _Toc137579482]Table S27 ERIA of typical IW in elements recycling scenario
	Source/Categories
	n
	H (bit)
	m
	m'
	D
	D'
	R (bit-1)
	R' (bit-1)
	A (bit-1)
	θ (°)

	Tailings
	GCT
	12±4
	2.29±0.28
	4±2
	6±4
	2.50±1.30
	4.92±2.93
	8.78±4.48
	16.34±6.63
	18.65±7.70
	26.79±7.41

	
	CT
	15±7
	2.18±0.19
	2±1
	6±3
	1.11±0.34
	4.58±1.81
	3.73±1.06
	15.61±7.70
	16.17±7.46
	16.17±10.39

	
	IT
	12±4
	1.92±0.18
	1±1
	3±1
	0.22±0.17
	1.76±0.83
	1.30±1.36
	8.09±2.96
	8.24±3.11
	7.36±7.04

	
	NFT
	14±5
	2.43±0.24
	2±2
	5±2
	1.06±0.96
	3.64±1.31
	3.49±3.43
	10.91±2.94
	11.67±3.81
	14.81±11.90

	Smelting slag
	I&S
	9±2
	2.35±0.08
	1±0
	1±0
	0.27±0.15
	0.80±0.45
	1.20±0.70
	3.60±2.09
	3.79±2.20
	32.75±32.00

	
	CS
	11±0
	1.96±0.50
	4±2
	5±2
	1.77±0.72
	4.77±1.62
	8.63±4.32
	23.69±12.54
	25.25±13.18
	20.42±3.41

	
	NFS
	12±4
	2.59±0.20
	3±1
	5±2
	1.39±0.46
	4.50±1.21
	4.67±1.31
	14.88±2.93
	15.64±2.95
	17.54±5.22

	Red mud
	RM
	9±1
	2.48±0.18
	1±0
	3±1
	0.28±0.14
	2.18±0.50
	1.29±0.65
	9.98±1.93
	10.08±1.93
	7.36±4.13

	Coal-based solid waste
	CG
	9±3
	2.04±0.07
	0±0
	2±1
	0.00±0.00
	0.95±0.67
	0.00±0.00
	4.68±2.32
	4.68±2.32
	0.00±0.00

	
	CFA
	10±1
	2.15±0.13
	0±0
	2±1
	0.17±0.41
	1.51±0.42
	0.63±1.55
	7.54±2.02
	7.80±1.47
	7.50±18.37

	Industrial by-product gypsum
	DG
	10±2
	1.87±0.18
	1±0
	2±1
	0.80±0.45
	1.20±0.45
	4.39±2.83
	6.54±2.12
	8.19±2.49
	32.31±19.75

	
	PG
	12±1
	2.12±0.10
	1±0
	2±1
	1.00±0.00
	1.33±0.26
	4.08±0.45
	5.43±1.20
	6.81±1.09
	37.46±5.84



[bookmark: _Toc137579483]Table S28 ERIA of typical IW in compounds recycling scenario
	Source/Categories
	n
	H (bit)
	m
	m'
	D
	D'
	R (bit-1)
	R' (bit-1)
	A (bit-1)
	θ (°)

	Tailings
	GCT
	12±4
	2.29±0.28
	4±2
	6±4
	4.20±2.17
	4.92±2.93
	14.52±5.92
	16.34±6.63
	21.89±8.79
	41.93±3.78

	
	CT
	15±7
	2.18±0.19
	2±1
	6±3
	2.33±0.82
	4.58±1.81
	8.38±4.72
	15.61±7.70
	17.75±8.94
	28.16±5.34

	
	IT
	12±4
	1.92±0.18
	1±1
	3±1
	0.67±0.52
	1.76±0.83
	3.91±4.08
	8.09±2.96
	9.31±4.27
	19.58±17.66

	
	NFT
	14±5
	2.43±0.24
	2±2
	5±2
	2.00±1.67
	3.64±1.31
	6.61±6.05
	10.91±2.94
	13.27±5.41
	25.60±18.51

	Smelting slag
	I&S
	9±2
	2.35±0.08
	1±0
	1±0
	0.80±0.45
	0.80±0.45
	3.60±2.09
	3.60±2.09
	5.09±2.95
	54.00±20.12

	
	CS
	11±0
	1.96±0.50
	4±2
	5±2
	4.40±1.52
	4.77±1.62
	21.92±11.75
	23.69±12.54
	32.29±17.15
	42.85±2.25

	
	NFS
	12±4
	2.59±0.20
	3±1
	5±2
	3.33±0.82
	4.50±1.21
	11.40±3.54
	14.88±2.93
	18.82±4.22
	36.86±6.24

	Red mud
	RM
	9±1
	2.48±0.18
	1±0
	3±1
	0.83±0.41
	2.18±0.50
	3.87±1.96
	9.98±1.93
	10.85±1.99
	20.67±11.26

	Coal-based solid waste
	CG
	9±3
	2.04±0.07
	0±0
	2±1
	0.00±0.00
	0.95±0.67
	0.00±0.00
	4.68±2.32
	4.68±2.32
	0.00±0.00

	
	CFA
	10±1
	2.15±0.13
	0±0
	2±1
	0.17±0.41
	1.51±0.42
	0.63±1.55
	7.54±2.02
	7.80±1.47
	7.50±18.37

	Industrial by-product gypsum
	DG
	10±2
	1.87±0.18
	1±0
	2±1
	0.80±0.45
	1.20±0.45
	4.39±2.83
	6.54±2.12
	8.19±2.49
	32.31±19.75

	
	PG
	12±1
	2.12±0.10
	1±0
	2±1
	1.00±0.00
	1.33±0.26
	4.08±0.45
	5.43±1.20
	6.81±1.09
	37.46±5.84



[bookmark: _Toc137579484]Table S29 ERIA of typical IW in downcycling scenario
	Source/Categories
	n
	H (bit)
	m
	m'
	D
	D'
	R (bit-1)
	R' (bit-1)
	A (bit-1)
	θ (°)

	Tailings
	GCT
	2
	0.93±0.06
	4
	6±4
	0.54±0.17
	0.26±0.16
	29.46±10.19
	14.03±9.36
	33.03±12.59
	66.92±11.49

	
	CT
	2
	0.76±0.17
	4
	7±3
	0.61±0.28
	0.24±0.07
	44.54±28.27
	16.05±4.71
	48.18±26.94
	64.91±14.50

	
	IT
	2
	0.38±0.08
	4
	4±1
	0.93±0.02
	0.21±0.06
	127.44±34.80
	27.84±7.94
	130.66±34.71
	77.35±3.92

	
	NFT
	2
	0.76±0.25
	4
	7±5
	0.70±0.20
	0.14±0.14
	54.88±31.77
	8.42±8.68
	56.65±30.54
	77.45±15.27

	Smelting slag
	I&S
	2
	0.69±0.11
	4
	1±0
	0.81±0.06
	0.23±0.14
	60.00±11.97
	17.67±10.70
	63.00±13.70
	74.97±8.81

	
	CS
	2
	0.80±0.23
	4
	5±2
	0.62±0.24
	0.45±0.22
	46.28±38.63
	33.11±27.70
	285.46±47.25
	56.41±8.73

	
	NFS
	2
	0.72±0.15
	4
	5±2
	0.78±0.09
	0.38±0.10
	57.13±17.06
	27.54±9.12
	63.57±18.78
	64.61±4.66

	Red mud
	RM
	2
	0.77±0.14
	4
	3±1
	0.77±0.07
	0.48±0.18
	52.75±18.00
	33.19±15.81
	62.90±22.06
	59.09±9.98

	Coal-based solid waste
	CG
	2
	0.73±0.19
	4
	2±1
	0.78±0.09
	0.31±0.06
	59.54±26.94
	22.62±7.61
	63.85±27.54
	68.48±4.02

	
	CFA
	2
	0.48±0.20
	4
	4±1
	0.88±0.09
	0.37±0.05
	106.76±41.51
	42.37±12.61
	115.05±42.77
	67.32±4.41

	Industrial by-product gypsum
	DG
	2
	0.98±0.02
	4
	4±1
	0.43±0.05
	0.41±0.22
	21.95±1.93
	21.20±11.17
	31.80±5.35
	49.05±21.07

	
	PG
	2
	0.95±0.04
	4
	4±1
	0.41±0.10
	0.42±0.05
	21.50±4.47
	22.21±3.19
	31.25±2.25
	43.86±9.14



[bookmark: _Toc137579485]Table S30 ERIA of typical IW in landfill scenario
	Source/Categories
	n
	H (bit)
	m'
	D'
	R' (bit-1)
	A (bit-1)
	θ (°)

	Tailings
	GCT
	1
	0
	6±4
	2.37±2.17
	2.37±2.17
	2.37±2.17
	0

	
	CT
	1
	0
	6±3
	2.81±1.33
	2.81±1.33
	2.81±1.33
	0

	
	IT
	1
	0
	3±1
	0.99±0.73
	0.99±0.73
	0.99±0.73
	0

	
	NFT
	1
	0
	5±2
	2.53±0.38
	2.53±0.38
	2.53±0.38
	0

	Smelting slag
	I&S
	1
	0
	1±0
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0

	
	CS
	1
	0
	5±2
	2.68±1.25
	2.68±1.25
	2.68±1.25
	0

	
	NFS
	1
	0
	5±2
	2.90±1.02
	2.90±1.02
	2.90±1.02
	0

	Red mud
	RM
	1
	0
	3±1
	0.25±0.39
	0.25±0.39
	0.25±0.39
	0

	Coal-based solid waste
	CG
	1
	0
	2±1
	0.15±0.34
	0.15±0.34
	0.15±0.34
	0

	
	CFA
	1
	0
	2±1
	0.75±0.00
	0.75±0.00
	0.75±0.00
	0

	Industrial by-product gypsum
	DG
	1
	0
	2±1
	0.70±0.11
	0.70±0.11
	0.70±0.11
	0

	
	PG
	1
	0
	2±1
	1.08±0.26
	1.08±0.26
	1.08±0.26
	0





[bookmark: _Toc137579486][bookmark: _Hlk101858909]Fig. S1 Elements analyzed in this study
[image: ]
[bookmark: _Toc137579487]Fig. S2 Box-and-whisker plot for recyclability, removability, and ERIA of IW by categories

















 


Note: (a), (b), (c), and (d) recyclability, removability, ERIA (A) and ERIA (θ) of IW in elements recycling scenario, (e), (f), (g), and (h) recyclability, removability, ERIA (A) and ERIA (θ) of IW in compounds recycling scenario, (i), (j), (k), and (l) recyclability, removability, ERIA (A) and ERIA (θ) of IW in downcycling scenario, (m) removability and ERIA (A) of IW in landfill scenario.
[bookmark: _Toc137579488]Fig. S3 ERIA assessment for different scenarios: case of gold cyanide tailing


[bookmark: _Toc137579489]Fig. S4 Effect of n missing on the stability of environmental-resource interacting attribute evaluation models
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