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1. Advanced technologies of carbon reduction
Table S1 
The advanced technology applied in the primary aluminum production [1].
	Number
	Process
	Advanced Technology
	Potential

	T1
	Alumina production
	Low A/S clinker sintering
	Energy consumption reduction of 628MJ/t-Al2O3

	T2
	
	System energy saving optimization
	Energy consumption reduction of 1826MJ/t-Al2O3

	T3
	
	Equipment upsizing
	Energy consumption reduction of 511MJ/t-Al2O3

	T4
	
	Calcium-free solubilization technology for monohydrate sclerite bauxite ores
	Energy consumption reduction of 0.3GJ/t-Al2O3

	T5
	
	Energy saving technology of alumina evaporation process system
	Energy consumption reduction of about 0.3GJ/t-Al2O3

	T6
	
	Carbon and alkali reduction technology in alumina production system
	Energy consumption reduction of 0.15GJ/t-Al2O3

	T7
	
	Technology of improving alumina product quality by systematic regulation
	Reduce carbon emission by 75kgCO2/t-Al

	T8
	Carbon anode production
	Energy saving and carbon reduction technology of carbon anode thermal furnace for aluminum
	Reduction of natural gas consumption by 10Nm3/t-C for ton of anode roasting

	T9
	
	Energy saving and carbon reduction technology of new structure carbon kiln - new fire passage structure
	Natural gas consumption reduced by 20 Nm3//t-C on average

	
	
	Energy saving and carbon reduction technology of new structure carbon kiln - vertical anode continuous roasting technology
	

	
	
	Energy saving and carbon reduction technology of new structure carbon kiln - horizontal anode continuous roasting
	

	T10
	Electrolysis
	High current electrolysis technology -12000
	Electrolysis power consumption can be reduced to 12000 kWh

	T11
	
	Technology of carbon anode for aluminum production, quality improvement and carbon reduction
	Reduce the anode consumption of electrolytic aluminum production by about 10kg/t-Al

	T12
	
	"Holographic" operation control technology
	Electricity consumption is reduced by 250 kWh
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2. Performance of different aluminum alloy
Table S2 is the performance of primary aluminum alloy (PAA) and recycled aluminum alloy (RAA) [2].
Table S2. Mechanical properties of two aluminum alloys
	Alloy
	Tensile strength (MPa)
	Yield strength (MPa)
	Elongation (%)

	PAA
	256
	204
	4.3

	RAA
	254
	202
	4.2





3. Different indicators result of three aluminum alloy
The result of different indicators of three aluminium alloy was summary in Table S3.
Table S3. The results of each index of the three aluminum alloys
	Category
	RCI (GJ/t)
	CEI (t/t)
	Performance

	PA
	366.49
	17.4
	1

	PATA
	320.25
	14.8
	1

	RA
	48.44
	2.15
	0.986





4. Process and results of comprehensive characterization matrix model
The four group of weight coefficient selected were 1/3, 1/3, 1/3; 0.3, 0.3, 0.4; 0.3, 0.4, 0.3; 0.4, 0.3, 0.3. (R, C, P)
The calculate process and results was shown as follow.





5. Program code
[bookmark: OLE_LINK1]

import csv

PA = {'name': 'PA_value', 'RCI': 1, 'CEI': 1, 'PER': 1}
PATA = {'name': 'PATA_value', 'RCI': 0.87, 'CEI': 0.85, 'PER': 1}
RA = {'name': 'RA_value', 'RCI': 0.13, 'CEI': 0.12, 'PER': 1.014}

file_pa = open("pa.csv", mode='w', newline='')
write_pa = csv.writer(file_pa)
file_pata = open("pata.csv", mode='w', newline='')
write_pata = csv.writer(file_pata)
file_ra = open("ra.csv", mode='w', newline='')
write_ra = csv.writer(file_ra)

line_ra_count = 0
line_pa_count = 0
line_pata_count = 0

for a in range(0, 101):
    for b in range(0, 101 - a):
    
        c = 100 - a - b
        value_R1 = PA['RCI'] * a
        value_E1 = PA['CEI'] * b
        value_P1 = PA['PER'] * c
        value1 = value_P1 + value_E1 + value_R1
        value_R2 = PATA['RCI'] * a
        value_E2 = PATA['CEI'] * b
        value_P2 = PATA['PER'] * c
        value2 = value_P2 + value_E2 + value_R2
        value_R3 = RA['RCI'] * a
        value_E3 = RA['CEI'] * b
        value_P3 = RA['PER'] * c
        value3 = value_P3 + value_E3 + value_R3

        if value1 < value2 and value1 < value3 or value1 == value2 and value1 < value3 or value1 == value3 and value1< value2:
            listpa = [a, b, c, value_R1, value_E1, value_P1, value1]
            write_pa.writerow(listpa)
            line_pa_count += 1
        if value2 < value1 and value2 < value3 or value1 == value2 and value2 < value3 or value2 ==value3 and value2 < value1:
            listpata = [a, b, c, value_R2, value_E2, value_P2, value2]
            write_pata.writerow(listpata)
            line_pata_count += 1
        if value3 < value2 and value3 < value1 or value1 == value3 and value3 < value2 or value3 == value2 and value3 < value1:
            listra = [a, b, c, value_R3, value_E3, value_P3, value3]
            write_ra.writerow(listra)
            line_ra_count += 1

file_pa.close()
file_ra.close()
file_pata.close()

print(f"i(PA)={line_pa_count}，i(PATA)={line_pata_count}，i(RA)={line_ra_count}")
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