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Appendix A
Table A1: Components separated from small household appliances (R4): percentage of the plant input (equal to 100%), treatment process and corresponding recovered material and/or energy. 
	Separated components from small household appliances (R4)
	%
	Treatment process 
	Recovered material / energy

	Aluminium
	1.4
	Material recycling in smelter
	Secondary aluminium ingots

	Brass*
	0.2
	Not included*
	Not included*

	Cables
	2.8
	Shredding and separation of materials
	Copper to material recycling and plastic to energy recovery

	Capacitors
	0.2
	Disposal to hazardous waste incineration
	Electricity and heat

	Engines
	7.1
	Shredding and separation of materials
	Plastic to energy recovery; aluminium, iron and copper to material recycling in smelter; PWBs with precious metals to specific processes

	Hard disk**
	0.6
	Shredding and separation of materials
	Not included**

	Other batteries and accumulators (45% Li-ion and 55% NiMH batteries)
	0.1
	Li-ion batteries to mechanical process
	Plastic to energy recovery; steel and non- ferrous metals to material recycling in smelter; MnO2 to recycler and Co powder to cobalt industry

	
	
	NiMH batteries to pyrometallurgical process
	Plastic to energy recovery

	
	
	
	Recovery of Ni-Co-Fe residues was not included in the study

	Plastic mix 
	31.3
	Energy recovery
	Electricity and heat

	
	
	
	

	Other waste to landfill
	1.0
	Disposal to inert waste landfill
	-

	Pb batteries
	0.2
	Shredding and remelting of the lead acid in shaft furnace
	Secondary lead

	Power supplies**
	1.8
	Shredding and separation of materials
	Not included

	Printed Wiring Boards
	3.0
	Material recycling in smelter and further refinery
	Secondary copper; secondary nickel; secondary lead; secondary precious metals (gold, silver, palladium)

	Steel and ferrous metals
	50.1
	Material recycling in smelter
	Liquid secondary steel

	Toners and cartridges
	0.2
	Disposal to municipal waste incineration
	Electricity and heat

	Wood
	0.1
	Material recycling
	Particle board


*Neither the treatment process nor the recovered materials were included in the model due to a lack of information.
**Only the treatment process was modelled, whereas the recovered materials were not included in the model due to a lack of information.
Table A2: Avoided primary materials and energy associated with the treatment of 1 tonne of R4 
	Avoided primary materials and energy
	Unit of measure
	Amount

	
	
	

	Aluminium
	kg
	15.2

	Cobalt
	kg
	0.1

	Copper
	kg
	29.1

	Gold
	kg
	0.005

	Lead
	kg
	1.70

	Manganese dioxide
	kg
	0.005

	Nickel
	kg
	1.04

	Palladium
	kg
	0.01

	Plywood from virgin wood
	m3
	0.0005

	Silver
	kg
	0.18

	Steel
	kg
	490

	Electricity
	kWh
	675

	Thermal energy
	MJ
	1504





Appendix B
Table B1: Impact indicators of toxicity-related impact categories associated with the treatment of 1 tonne of R4 (with long-term emissions and without long-term emissions)
	Impact category
	Unit
	With long-term emissions (A)
	Without long-term emissions (B)
	A-B; ((A-B)/A)

	Human toxicity, cancer effects
	CTUh
	0.00163
	0.00045
	0.00118 (72.5%)

	Human toxicity, non-cancer effects
	CTUh
	-0.0071
	-0.00068
	-0.00643 (90.4%)

	Freshwater ecotoxicity
	CTUh
	-123811
	872
	-124684 (100.7%)



Figure B1: Contribution analysis of the human toxicity (cancer effects) impact indicator associated with the treatment of 1 tonne of R4 (with long-term emissions)






Table B2: Contribution analysis of the human toxicity (cancer effects) impact indicator associated with the treatment of 1 tonne of R4 with and without long-term emissions
	Human toxicity (cancer effects)  
	With long-term emissions (A) 
CTUh
	Without long-term emissions (B)
CTUh
	A-B *; ((A-B)/A)
CTUh; (%)

	Total 
	0.00163
	0.00045
	0.00118 (72.5%)

	Transport of separated components
	7.13E-07
	1.71E-07
	5.42E-07 (76.0%)

	Infrastructure 
	7.52E-07
	1.72E-07
	5.79E-07 (77.1%)

	Energy consumption
	1.04E-06
	1.57E-07
	8.80E-07 (84.9%)

	Cables 
	-2.36E-05
	-1.64E-06
	-2.20E-05 (93.1%)

	Printed wiring boards 
	-2.14E-04
	-1.03E-05
	-2.04E-04 (95.2%)

	Steel and ferrous metals 
	1.73E-03
	4.23E-04
	1.31E-03 (75.5%)

	Aluminum 
	-3.71E-05
	-9.37E-06
	-2.77E-05 (74.7%)

	Wood 
	-3.86E-09
	-1.26E-09
	-2.61E-09 (67.4%)

	Pb batteries
	-6.34E-07
	-2.45E-07
	-3.89E-07 (61.3%)

	Li-ion batteries 
	3.90E-07
	1.11E-07
	2.79E-07 (71.6%)

	NiMH batteries 
	1.09E-08
	4.32E-09
	6.59E-09 (60.4%)

	Engines 
	1.59E-04
	4.22E-05
	1.17E-04 (73.5%)

	Plastic mix 
	8.15E-06
	2.93E-06
	5.22E-06 (64.0%)

	Toners and cartridges 
	3.40E-08
	1.62E-08
	1.78E-08 (52.4%)

	Capacitors incineration 
	1.81E-06
	4.59E-07
	1.35E-06 (74.6%)

	Others waste 
	2.97E-09
	7.49E-10
	2.22E-09 (74.7%)

	Treatment of power supplies and hard disk 
	1.86E-07
	1.91E-08
	1.67E-07 (89.7%)


* In bold type the mayor positive and negative differences (analyzed in detail in tables B3 and B4).




Table B3: Focus on the contribution of steel and ferrous metals to the human toxicity (cancer effects) impact indicator
	Human toxicity 
(cancer effects)
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of steel and ferrous metals to the total value (CTUh)
	Contribution of steel and ferrous metals/total value (%)
	B/A (%)
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of steel and ferrous metals to the total value (CTUh)
	Contribution of steel and ferrous metals/total value (%)
	B/A (%)

	All processes
	0.00163
	-
	0.00173 (A)
	106.3
	-
	0.00045
	-
	0.00042 (A)
	94.5
	-

	Main process: Disposal, slag, unalloyed electr. steel, 0% water, to residual material landfill/CH U
	0.00281
	173
	0.00254 (B) 
	90.3
	147
	0.00068
	151
	0.00061 (B)
	90.3
	144

	Main substance for the main process
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/
total of the main process (%)
	Contribution of steel and ferrous metals to the total value for the main process(CTUh) (C)
	Contribution of steel and ferrous metals/total value for the main process(%)
	C/B (%)
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of steel and ferrous metals to the total value for the main process (CTUh) (C)
	Contribution of steel and ferrous metals/total value for the main process (%)
	C/B (%)

	Chromium VI
	water/groundwater, long-term
	0.00214
	75.9
	0.00193
	90.3
	75.9
	-
	-
	-
	-
	-

	Chromium VI
	water/river
	0.00068
	24.0
	0.00061
	90.3
	24.0
	0.00068
	100
	0.00061
	90.3
	100




	Human toxicity 
(cancer effects)
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)

	All processes
	0.00163
	-
	-0.00021 (A)
	-13
	-
	All processes
	0.000448 
	-
	-0.000010 (A)
	-2.3
	-

	Main process1: Disposal, sulfidic tailings, off-site/GLO U
	-0.00023
	-14%
	-0.00019 (B)
	83
	88
	Main process 2:
Copper, primary, at refinery/GLO U
	-0.000003
	-1
	-0.000003 (B)
	96.6
	32.3

	Main substances for the main process 1
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (C)
	Contribution of PWBs/total value for the main process (%)
	C/B (%)
	Main substance for the main process 2
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (C)
	Contribution of PWBs/total value for the main process (%)
	C/B (%)

	Chromium VI
	water/groundwater, long-term
	-0.00019
	84.0
	-0.00016
	83.4
	84
	Arsenic
	air/low. Pop.
	-0.0000017
	50.0
	-0.0000017 
	96.6
	50.0

	
	
	
	
	
	
	
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	D/A (%)

	Arsenic
	water/groundwater, long-term
	-0.000033
	14.6
	-0.000028
	83.4
	15
	Main process 3:  Ferrochromium, high-carbon, 68% Cr, at plant/GLO U
	-0.000004
	-1
	-0.0000022 (D)
	53.9
	21.5%

	
	
	
	
	
	
	
	Main substance for the main process 3
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (F)
	Contribution of PWBs/total value for the main process (%)
	F/D (%)

	
	
	
	
	
	
	
	Chromium VI
	air/low pop
	-0.0000039
	95
	-0.0000021
	53.9
	95.2


 Table B4: Focus on the contribution of PWBs to the human toxicity (cancer effects) impact indicator 

Figure B2: Contribution analysis of the human toxicity (non-cancer effects) impact indicator associated with the treatment of 1 tonne of R4 (with long-term emissions)



Table B5: Contribution analysis of the human toxicity (non-cancer effects) impact indicator associated with the treatment of 1 tonne of R4 with and without long-term emissions
	Human toxicity 
(cancer effects)  
	With long-term emissions (A)
CTUh
	Without long-term emissions (B)
CTUh
	A-B *; ((A-B)/A)
CTUh; (%)

	Total 
	-0.0071
	-0.00068
	-0.00643 (90.4%)

	Transport of separated components
	2.09E-06
	9.45E-07
	1.15E-06 (54.9%)

	Infrastructure 
	6.49E-06
	1.80E-06
	4.69E-06 (72.2%)

	Energy consumption
	3.48E-06
	8.59E-07
	2.62E-06 (75.3%)

	Cables 
	-5.51E-04
	3.66E-05
	-5.88E-04 (106.6%)

	Printed wiring boards 
	-6.14E-03
	-7.90E-04
	-5.35E-03 (87.1%)

	Steel and ferrous metals 
	4.89E-05
	7.22E-05
	-2.32-E05 (47.5%)

	Aluminum 
	4.80E-07
	1.09E-05
	-1.04E-05 (2161%)

	Wood 
	-8.79E-08
	-8.12E-08
	-6.63E-09 (7.5%)

	Pb batteries
	-2.32E-05
	-1.77E-05
	-5.50E-06 (23.7%)

	Li-ion batteries 
	-1.08E-06
	-7.71E-08
	-9.99E-07 (92.8%)

	NiMH batteries 
	2.58E-07
	2.45E-07
	1.31E-08 (5.1%)

	Engines 
	-4.60E-04
	4.78E-06
	-4.60E-04 (99.9%)

	Plastic mix 
	1.73E-06
	3.03E-06
	-1.30E-06 (75.2%)

	Toners and cartridges 
	-7.10E-08
	-1.46E-08
	-5.64E-08 (79.4%)

	Capacitors incineration 
	5.06E-07
	6.86E-07
	-1.81E-07 (35.7%)

	Others waste 
	7.09E-09
	3.95E-9
	3.14E-09 (44.3%)

	Treatment of Power supplies and hard disk 
	6.61E-07
	1.50E-07
	5.10E-07 (77.2%)


* In bold type the mayor differences (analyzed in detail in tables B6 and B7).



	Human toxicity 
(non-cancer effects)
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)

	All processes
	-0.0071
	-
	-0.0061 (A)
	86.3
	-
	All processes
	-0.00068
	-
	-0.00079 (A)
	116.0
	-

	Main process 1:
Disposal, sulfidic tailings,off-site/GLO U
	-0.0064
	90
	-0.0053 (B)
	83.4
	87
	Main process 2:
Copper, primary, at refinery/GLO U
	-0.00050
	73
	-0.00048 (B)
	96.6
	61.0

	Main substances for the main process 1
	Compartment/ Sub-compartment
	Total value 
for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (C)
	Contribution of PWBs/total value for the main process (%)
	C/B (%)
	Main substances for the main process 2
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (C)
	Contribution of PWBs/total value for the main process (%)
	C/B (%)

	Zinc
	water/groundwater, long-term
	-0.00388
	60.6
	-0.0032
	83.4
	60.6
	Lead
	air/low. Pop.
	-0.000169
	33.9
	-0.000164
	96.6
	33.9

	Arsenic
	water/groundwater, long-term
	-0.0024
	38.2
	-0.0020
	83.4
	38.2
	Arsenic
	air/low. Pop.
	-0.000117
	23.4
	-0.000113
	96.6
	23.4

	
	
	
	
	
	
	
	Cadmium
	air/low. Pop.
	-0.000115
	23.1
	-0.000111
	96.6
	23.1


 Table B6: Focus on the contribution of PWBs to the human toxicity (non-cancer effects) impact indicator

	Human toxicity 
(non-cancer effects)
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of cables to the total value (CTUh)
	Contribution of cables/total value (%)
	B/A (%)
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of cables to the total value (CTUh)
	Contribution of cables/total value (%)
	B/A (%)

	All processes
	-0.0071
	-
	-0.00055 (A)
	7.8
	-
	All processes
	-0.00068
	-
	0.000037 (A)
	-5.4
	-

	Main process 1:
Disposal, sulfidic tailings, off-site/GLO U
	-0.0064
	90
	-0.00059 (B)
	9.2
	107
	Main process 2:
Copper, secondary, at refinery/RER U RAEE RL
	0.00015
	-22
	0.000105 (B)
	68.8
	287

	Main substances for the main process 1
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of cables to the total value for the main process (CTUh) (C)
	Contribution of cables/total value for the main process (%)
	C/B (%)
	Main substance for the main process 2
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of cables to the total value for the main process (CTUh) (C)
	Contribution of cables/total value for the main process (%)
	C/B (%)

	Zinc
	water/groundwater, long-term
	-0.0039
	60.6
	-0.00036
	9.2
	60.6
	Zinc
	air/low. Pop.
	0.00013
	85.2
	0.00009
	68.8
	85.2

	Arsenic
	water/groundwater, long-term
	-0.0024
	38.2
	-0.00022
	9.2
	38.2
	
	
	
	
	
	
	


Table B7: Focus on the contribution of cables to the human toxicity (non-cancer effects) impact indicator 


Figure B3: Contribution analysis of the freshwater ecotoxicity impact indicator associated with the treatment of 1 tonne of R4 (with long-term emissions)




Table B8: Contribution analysis of the freshwater ecotoxicity impact indicator associated with the treatment of 1 tonne of R4 with and without long-term emissions
	Freshwater ecotoxicity  
	With long-term emissions (A)
CTUh
	Without long-term emissions (B)
CTUh
	A-B *; ((A-B)/A)
CTUh; (%)

	Total 
	-123811
	872
	-124684 (101%)

	Transport of separated components
	4.73E+01
	6.98E+00
	4.04E+01 (85.3%)

	Infrastructure 
	1.40E+02
	6.73E+00
	1.33E+02 (95.2%)

	Energy consumption
	8.91E+01
	8.32E+00
	8.07E+01 (90.7%)

	Cables 
	-5.62E+03
	-2.88E+01
	-5.60E+03 (99.5%)

	Printed wiring boards 
	-1.40 E+05
	-4.72E+03
	-1.35E+05 (96.6%)

	Steel and ferrous metals 
	2.42E+04
	4.52E+03
	1.97E+04 (81.3%)

	Aluminium 
	-1.34E+03
	-1.04E+02
	-1.24E+03 (92.2%)

	Wood 
	-2.77E-01
	-5.28E-02
	-2.24E-01 (80.9%)

	Pb batteries
	-1.76E+02
	-2.57E+01
	-1.51E+02 (85.4%)

	Li-ion batteries 
	-1.73E+01
	1.01E+00
	-1.83E+01 (106%)

	NiMH batteries 
	2.55E+00
	2.99E-01
	2.25E+00 (88.3%)

	Engines 
	-9.37E+03
	2.81E+02
	-9.65E+03 (103%)

	Plastic mix 
	7.79E+03
	8.09E+02
	6.99E+03 (89.6%)

	Toners and cartridges 
	3.24E+01
	5.26E+00
	2.72E+01 (83.8%)

	Capacitors incineration 
	1.68E+02
	1.19E+02
	4.88E+01 (29.1%)

	Others waste 
	1.51E-01
	2.77E-02
	1.23E (81.6%)

	Treatment of Power supplies and hard disk 
	1.71E+01
	5.98E-01
	1.65E+01 (96.5%)


* In bold type the mayor positive and negative differences (analyzed in detail in tables B9 and B10).

 Table B9: Focus on the contribution of PWBs to the freshwater ecotoxicity impact indicator 
	Freshwater ecotoxicity
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total value (%)
	B/A (%)

	All processes
	-123811
	-
	-139767 (A)
	113
	-
	All processes
	872
	-
	-4724 (A)
	-512
	

	Main process 1:
Disposal, sulfidic tailings, 
off-site/GLO U
	-159353
	129%
	-132847 (B)
	83.4
	95%
	Main process 2:
Gold, from combined gold-silver production, at refinery/PG U
	-1249
	-143
	-1207 (B)
	96.6
	25.5

	Main substance for the main process 1
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value (CTUh) (C)
	Contribution of PWBs/total value (%)
	C/B (%)
	Main substance for the main process 2
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (C)
	Contribution of PWBs/total value for the main process (%)
	C/B (%)

	Zinc
	water/groundwater, long-term
	-116879
	73.4%
	-97526
	83.4
	73.4
	Zinc
	water river
	-1382
	111
	-1335
	96.6
	111

	
	
	
	
	
	
	
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of PWBs to the total value (CTUh)
	Contribution of PWBs/total (%)
	D/A (%)

	
	
	
	
	
	
	
	Main process 3: Gold, from combined gold-silver production, at refinery/PE U
	-1486
	-170
	-1436 (D)
	96.6
	30.4

	
	
	
	
	
	
	
	Main substance for the main process 3
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of PWBs to the total value for the main process (CTUh) (F)
	Contribution of PWBs/total value for the main process (%)
	F/D (%)

	
	
	
	
	
	
	
	Zinc
	water river
	-1007
	67.7
	-972.7
	96.6
	67.7



Table B10: Focus on the contribution of steel and ferrous metals to the freshwater ecotoxicity impact indicator
	Freshwater ecotoxicity
	With long-term emissions
	Without long-term emission

	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of steel and ferrous metals to the total value (CTUh)
	Contribution of steel and ferrous metals/total value (%)
	B/A (%)
	Process
	Total value (CTUh)
	Contribution of the main process/total of all processes (%)
	Contribution of steel and ferrous metals to the total value (CTUh)
	Contribution of steel and ferrous metals/total value (%)
	B/A (%)

	All processes
	-123811
	-
	-24193 (A)
	-19.6%
	-
	All processes
	872
	-
	4517 (A)
	517.7
	-

	Main process 1:
Disposal, slag, unalloyed electr. steel, 0% water, to residual material landfill/CH U
	37886
	-31%
	34200 (B)
	90.3%
	-141
	Main process 2:
Disposal, slag, unalloyed electr. steel, 0% water, to residual material landfill/CH U
	6730
	771
	6075 (B)
	90.3
	134

	Main substances for the main process 1
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of steel and ferrous metals to the total value (CTUh) (C)
	Contribution of steel and ferrous metals/total value (%)
	C/B (%)
	Main substance for the main process 2
	Compartment/ Sub-compartment
	Total value for the main process (CTUh)
	Contribution of the substance/total of the main process (%)
	Contribution of steel and ferrous metals to the total value for the main process (CTUh) (C)
	Contribution of steel and ferrous metals/total value for the main process
(%)
	C/B (%)

	Chromium VI
	water/groundwater, long-term
	21162
	55.9
	19103
	90.3
	55.9
	Zinc
	water river
	6699
	99.5
	6048 (C)
	90.3
	99.5

	Vanadium
	water/groundwater, long-term
	9057
	23.9
	8176
	90.3
	23.9
	
	
	
	
	
	
	

	Chromium VI
	water/river
	6699
	17.7
	6048
	90.3
	17.7
	
	
	
	
	
	
	



Appendix C
Table C1: Characterization factors (kg Sb eq/kg) of selected mineral resources in comparable methods
	Minerals
	AADP (2011)
	AADP (2015)
	ILCD
	CML 2012 (a)
	CML 2012 (b)
	CML 2012 (c)

	aluminium (Al)
	5.34E-06
	3.00E-10
	2.53E-05
	1.09E-09
	2.53E-05
	2.14E-05

	bromine (Br)
	
	 
	
	4.39E-03
	
	

	cadmium (Cd)
	3.19E-01
	3.08E+00
	1.11E+00
	1.57E-01
	1.11E+00
	1.92E+00

	chromium (Cr)
	
	9.03E-05
	1.96E-05
	4.43E-04
	1.96E-05
	3.77E-05

	cobalt (Co)
	2.08E-01
	1.04E-03
	2.56E-02
	1.57E-05
	2.56E-02
	4.89E-02

	copper (Cu)
	1.57E-03
	5.41E-04
	2.50E-03
	1.37E-03
	2.50E-03
	3.94E-03

	fluorspar
	
	 
	2.62E-03
	
	
	

	gallium (Ga)
	
	3.82E-06
	6.30E-03
	1.46E-07
	
	

	gold (Au)
	
	1.59E+00
	3.60E+01
	5.20E+01
	3.60E+01
	3.99E+01

	indium (In)
	
	7.48E-01
	5.55E+02
	6.89E-03
	5.55E+02
	1.15E+03

	iodine (I)
	
	 
	2.22E-03
	2.50E-02
	2.22E-03
	3.10E-03

	iron (Fe)
	2.38E-06
	2.75E-08
	1.66E-06
	5.24E-08
	1.66E-06
	3.64E-06

	lead (Pb)
	1.02E-03
	4.80E-04
	1.50E-02
	6.34E-03
	1.50E-02
	2.67E-02

	lithium (Li)
	
	2.42E-06
	1.33E-02
	1.15E-05
	1.33E-02
	4.38E-02

	magnesium (Mg)
	
	8.61E-10
	2.48E-06
	2.02E-09
	
	

	manganese (Mn)
	
	7.57E-05
	2.35E-05
	2.54E-06
	2.35E-05
	5.80E-04

	molybdenum (Mo)
	
	6.17E-03
	7.11E-02
	1.78E-02
	7.11E-02
	1.46E-01

	nickel (Ni)
	3.91E-02
	3.03E-05
	4.18E-03
	6.53E-05
	4.18E-03
	1.69E-02

	palladium (Pd)
	
	6.93E+00
	9.36E+00
	5.71E-01
	9.36E+00
	4.99E+00

	phosphorus (P)
	
	 
	6.21E-05
	5.52E-06
	6.21E-05
	2.54E-04

	platinum (Pt)
	
	6.93E+00
	9.09E+00
	2.22E+00
	9.09E+00
	4.85E+00

	rhenium (Re)
	
	2.54E-03
	3.19E+01
	6.03E-01
	3.19E+01
	2.66E+02

	silver (Ag)
	
	2.28E-01
	8.42E+00
	1.18E+00
	8.42E+00
	8.16E+00

	sodium sulfate
	
	 
	9.92E-06
	
	
	

	sulfur (S)
	
	 
	3.91E-04
	1.93E-04
	3.91E-04
	1.05E-03

	talc
	
	 
	1.18E-03
	
	
	

	tantalum (Ta)
	
	2.52E-03
	1.15E+01
	4.06E-05
	1.15E+01
	2.28E+01

	tellurium (Te)
	
	 
	7.21E+00
	4.07E+01
	7.21E+00
	1.12E+01

	tin (Sn)
	
	1.52E-03
	1.15E-01
	1.62E-02
	1.15E-01
	7.77E-02

	vermiculite
	
	 
	1.11E-03
	
	
	

	zinc (Zn)
	1.70E-03
	8.60E-05
	3.65E-03
	5.38E-04
	3.65E-03
	8.05E-03

	zirconium (Zr)
	
	1.19E-06
	1.64E-02
	5.44E-06
	1.64E-02
	2.30E-02




Table C2: Contribution analysis of the mineral resource depletion indicator calculated by different characterization models (values in %)
	Minerals
	AADP (2011)
	AADP (2015)
	ILCD
	CML 2012 (a)
	CML 2012 (b)
	CML 2012 (c)
	EDIP 97
	EPS 2000
	ReCiPe 2008
	Supply Risk (1)
	Supply Risk (2)
	Supply Risk (3)

	aluminium (Al)
	-1.36E-02
	-3.72E-06
	-2.12E-02
	-2.05E-06
	-2.13E-02
	-1.59E-02
	-2.06E-01
	-7.12E-03
	-7.79E-02
	-4.13E+01
	-4.04E+00
	-2.78E-02

	bromine (Br)
	
	 
	
	-3.23E-06
	
	
	
	
	
	
	
	

	cadmium (Cd)
	3.09E-04
	1.45E-02
	3.56E-04
	1.12E-04
	3.57E-04
	5.45E-04
	5.57E-04
	1.80E-04
	
	
	
	

	chromium (Cr)
	
	3.16E-03
	4.65E-05
	2.34E-03
	4.66E-05
	7.94E-05
	9.92E-03
	3.89E-03
	6.09E-02
	2.74E-01
	1.92E+00
	1.38E-03

	cobalt (Co)
	-3.19E+00
	-7.77E-02
	-1.30E-01
	-1.77E-04
	-1.30E-01
	-2.20E-01
	-7.56E-01
	-2.50E-02
	-5.27E-03
	-9.45E-01
	-7.24E+01
	

	copper (Cu)
	-6.58E+00
	-1.11E+01
	-3.47E+00
	-4.22E+00
	-3.47E+00
	-4.86E+00
	-3.08E+00
	-5.57E+00
	-6.09E+01
	-3.49E+01
	-1.20E-01
	-4.54E+00

	Fluorspar
	
	 
	-1.72E-01
	
	
	
	
	
	
	
	
	

	gallium (Ga)
	
	-5.84E-13
	-6.52E-11
	-3.36E-15
	
	
	
	-4.24E-11
	
	-2.16E-09
	-2.87E-07
	

	gold (Au)
	
	-6.38E+00
	-9.76E+00
	-3.15E+01
	-9.78E+00
	-9.62E+00
	-6.76E+00
	-6.25E+00
	-1.96E+01
	-4.67E-03
	-2.36E-06
	

	indium (In)
	
	4.95E-05
	2.49E-03
	6.88E-08
	2.49E-03
	4.58E-03
	
	4.22E-06
	
	9.24E-07
	1.16E-04
	

	iodine (I)
	
	 
	-1.59E-07
	-3.99E-06
	-1.60E-07
	-1.98E-07
	
	-2.94E-06
	
	
	
	

	iron (Fe)
	-9.77E-08
	-5.51E-09
	-2.25E-08
	-1.59E-09
	-2.26E-08
	-4.38E-08
	-1.77E-07
	-2.52E-07
	-1.40E-05
	-7.77E-04
	-1.62E-04
	

	lead (Pb)
	-2.42E-01
	-5.56E-01
	-1.18E+00
	-1.11E+00
	-1.18E+00
	-1.86E+00
	-1.22E+00
	-2.65E-01
	-1.43E-01
	
	
	

	lithium (Li)
	
	-5.15E-11
	-1.92E-08
	-3.69E-11
	-1.92E-08
	-5.62E-08
	
	-3.76E-09
	
	-1.07E-07
	-8.29E-08
	

	magnesium (Mg)
	
	-8.13E-13
	-1.58E-10
	-2.88E-13
	
	
	
	
	
	-1.85E-05
	-1.28E-02
	-2.08E-10

	manganese (Mn)
	
	-1.27E-03
	-2.66E-05
	-6.43E-06
	-2.67E-05
	-5.86E-04
	-3.12E-03
	-1.24E-04
	-8.96E-02
	-5.59E-02
	-5.47E-03
	-3.50E-05

	molybdenum (Mo)
	
	-2.14E+00
	-1.67E+00
	-9.30E-01
	-1.67E+00
	-3.04E+00
	-2.86E+00
	-9.63E-01
	-5.02E+00
	-2.31E+00
	-7.24E+00
	

	nickel (Ni)
	-9.02E+01
	-3.41E-01
	-3.18E+00
	-1.11E-01
	-3.19E+00
	-1.14E+01
	-1.29E+01
	-2.36E+00
	-9.84E+00
	-2.10E+01
	-1.11E-01
	

	palladium (Pd)
	
	-5.03E+01
	-4.60E+00
	-6.26E-01
	-4.61E+00
	-2.18E+00
	-1.77E+01
	-7.07E+01
	-1.93E+00
	
	
	

	phosphorus (P)
	
	 
	-8.42E-04
	-1.67E-04
	-8.43E-04
	-3.06E-03
	
	-1.17E-03
	0.00E+00
	-1.69E+00
	-1.73E+01
	

	platinum (Pt)
	
	-1.66E-04
	-1.47E-05
	-8.01E-06
	-1.48E-05
	-6.99E-06
	-5.31E-05
	-2.33E-04
	-2.72E-04
	-2.19E-07
	-3.34E-06
	

	rhenium (Re)
	
	-3.98E-09
	-3.38E-06
	-1.43E-07
	-3.39E-06
	-2.51E-05
	
	-1.52E-05
	
	-1.08E-08
	-4.02E-08
	

	silver (Ag)
	
	-2.92E+01
	-7.29E+01
	-2.29E+01
	-7.31E+01
	-6.29E+01
	-3.36E+01
	-9.04E+00
	-2.55E+00
	-7.24E-01
	-1.00E+00
	-9.57E+01

	sodium sulfate
	
	 
	-1.89E-04
	
	
	
	
	
	
	
	
	

	sulfur (S)
	
	 
	-2.05E-04
	-2.25E-04
	-2.05E-04
	-4.91E-04
	
	
	
	
	
	

	talc
	
	 
	-1.92E-04
	
	
	
	
	
	
	
	
	

	tantalum (Ta)
	
	8.29E-07
	2.57E-04
	2.01E-09
	2.57E-04
	4.52E-04
	5.42E-04
	8.53E-07
	
	1.58E-06
	9.65E-07
	

	tellurium (Te)
	
	 
	-3.08E+00
	-3.87E+01
	-3.08E+00
	-4.26E+00
	-2.13E+01
	-4.91E+00
	
	-9.30E-03
	-1.53E-05
	

	tin (Sn)
	
	-1.59E-04
	-8.18E-04
	-2.56E-04
	-8.19E-04
	-4.89E-04
	-1.21E-03
	-1.63E-04
	-9.28E-03
	-6.66E-04
	-1.64E-03
	

	vermiculite
	
	 
	-6.20E-07
	
	
	
	
	
	
	
	
	

	zinc (Zn)
	2.66E-01
	6.57E-02
	1.89E-01
	6.20E-02
	1.89E-01
	3.70E-01
	2.46E-01
	5.71E-02
	1.20E-01
	2.67E+00
	3.28E-01
	2.48E-01

	zirconium (Zr)
	
	5.54E-10
	5.17E-07
	3.83E-10
	5.18E-07
	6.46E-07
	1.18E-06
	7.62E-09
	
	
	
	



Human toxicity (cancer effects) 
with long-term emissions 
trasport of separated components	Human toxicity, cancer effects	4.3864967626634836E-4	Infrastructure	Human toxicity, cancer effects	4.6262024904413374E-4	cables	Human toxicity, cancer effects	-1.45292136082608E-2	printed wiring boards	Human toxicity, cancer effects	-0.1317813779299736	steel and ferrous metals	Human toxicity, cancer effects	1.0634169360793586	alluminum	Human toxicity, cancer effects	-2.2802275718645865E-2	wood	Human toxicity, cancer effects	-2.3778982746952252E-6	Pb batteries	Human toxicity, cancer effects	-3.8996249280892051E-4	Li-ion batteries	Human toxicity, cancer effects	2.4024067993976957E-4	NiMH batteries	Human toxicity, cancer effects	6.7086687755261969E-6	engines	Human toxicity, cancer effects	9.8035885652958871E-2	plastic mix	Human toxicity, cancer effects	5.0164104896899811E-3	toner and cartridges	Human toxicity, cancer effects	2.0903621735078754E-5	 capacitors	Human toxicity, cancer effects	1.112778470799532E-3	other waste 	Human toxicity, cancer effects	1.8253902072840627E-6	power supplies and hard disk	Human toxicity, cancer effects	1.1444915020547226E-4	


Human toxicity (non-cancer effects)
with long-term emissions
trasport of separated components	Human toxicity, non-cancer effects	2.9440470773039757E-4	Infrastructure	Human toxicity, non-cancer effects	9.1257173983875519E-4	cables	Human toxicity, non-cancer effects	-7.752509888641422E-2	printed wiring boards	Human toxicity, non-cancer effects	-0.86337266083647912	steel and ferrous metals	Human toxicity, non-cancer effects	6.8817717798498523E-3	alluminum	Human toxicity, non-cancer effects	6.7539235988664162E-5	wood	Human toxicity, non-cancer effects	-1.2362094932401647E-5	Pb batteries	Human toxicity, non-cancer effects	-3.2616863905675698E-3	Li-ion batteries	Human toxicity, non-cancer effects	-1.5131224239781665E-4	NiMH batteries	Human toxicity, non-cancer effects	6.7981130989204699E-6	engines	Human toxicity, non-cancer effects	-6.4757558759399203E-2	plastic mix	Human toxicity, non-cancer effects	2.4295673610129107E-4	toner and cartridges	Human toxicity, non-cancer effects	-9.9878962537339782E-6	 capacitors	Human toxicity, non-cancer effects	7.1170050504540191E-5	other waste 	Human toxicity, non-cancer effects	9.9763732238133768E-7	power supplies and hard disk	Human toxicity, non-cancer effects	9.2942605695556026E-5	


Freshwater Ecotoxicity 
with long-term emissions
trasport of separated components	Freshwater ecotoxicity	3.8240452024898894E-4	Infrastructure	Freshwater ecotoxicity	1.1305113123758965E-3	cables	Freshwater ecotoxicity	-4.5428085214729221E-2	printed wiring boards	Freshwater ecotoxicity	-1.1288700631824042	steel and ferrous metals	Freshwater ecotoxicity	0.19540318493108386	alluminum	Freshwater ecotoxicity	-1.0838940187584254E-2	wood	Freshwater ecotoxicity	-2.234414866310987E-6	Pb batteries	Freshwater ecotoxicity	-1.4247989117947199E-3	Li-ion batteries	Freshwater ecotoxicity	-1.3977514884019822E-4	NiMH batteries	Freshwater ecotoxicity	2.0582370669194866E-5	engines	Freshwater ecotoxicity	-7.5664739810575823E-2	plastic mix	Freshwater ecotoxicity	6.2956721764614101E-2	toner and cartridges	Freshwater ecotoxicity	2.619632915893547E-4	 capacitors	Freshwater ecotoxicity	1.3549729676360601E-3	other waste 	Freshwater ecotoxicity	1.2179684732826391E-6	power supplies and hard disk	Freshwater ecotoxicity	1.3782624393674772E-4	


