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Perovskite solar cell data
The Solaronix estimated material quantity for a 1m2 module is provided in Table 1. Similarly, the University of Freiburg estimated material quantity for 1m2 module is provided in Table 2. These values were originally reported in (Bennett et al., 2026). 
[bookmark: _Ref242347936]Table 1: Metal/mineral requirements for producing a 1m2 Solaronix module.
	Layer
	Material
	Symbol
	Quantity in 1m2 (kg)

	Substrate
	Fluorine
	F
	0.0000695

	
	Tin
	Sn
	0.00104

	Insulating layer
	Zirconium dioxide
	ZrO2
	0.0142

	Electron transport layer
	Titanium dioxide
	TiO2
	0.0079

	Blocking layer
	Titanium dioxide
	TiO2
	0.00032

	Perovskite
	Lead
	Pb
	0.00220

	Cathode
	Graphite
	G
	0.0606

	Contacts
	Silver
	Ag
	0.00162



[bookmark: _Ref242347948]Table 2: Metal/mineral requirements for producing a 1m2 University of Freiburg module.
	Layer
	Material
	Symbol
	Quantity in 1m2 (kg)

	Substrate
	Indium
	In
	0.000797

	
	Tin
	Sn
	8.44E-05

	Perovskite
	Caesium
	Cs
	9.62E-05

	
	Lead
	Pb
	0.000881

	Hole transport layer
	Phosphorus
	P
	6.75E-07

	Contacts
	Aluminium
	Al
	0.000405



The cell data for the HIERN module was reported in (Wu et al., 2026). The 6.25cm2 cell was produced by spin-coating. The 1m2 module scale-up values were estimated conservatively, assuming that spin coating retains 10% (Yilbas et al., 2019) of the deposited solution and that there is a 1-to-1 scale-up from a 6.25cm2 cell to a 1m2 module. The value for the indium, tin and silver were assumed the same as the Solaronix module. 
Table 3: Metal/mineral requirements for producing a 1m2 Helmholtz Institute of Erlangen-Nürnberg for Renewable Energy module.
	Layer
	Material
	Symbol
	Quantity in 1m2 (kg)

	Substrate
	Indium
	In
	0.000797

	
	Tin
	Sn
	8.44E-05

	Perovskite
	Caesium
	Cs
	0.000119

	
	Lead
	Pb
	0.00346

	Hole transport layer
	Nickel
	Ni
	5.029E-05

	
	Phosphorous
	P
	5.98E-06

	Contacts
	Silver
	Ag
	0.00162


Figure one: unit conversions and fuel reserve data
The world proven oil, gas and uranium reserves are generally reported in million barrels, billion standard cubic metres, and tonnes. These values are then converted to terawatt-hours (TWh) using the conversion factors in Table 4. For oil and natural gas, these values are further converted from TWh embedded energy to TWh electricity, accounting for heat losses in the process of converting the fuel to electricity. This is not done for uranium, as the 0.044 conversion value already accounts for heat losses. 
[bookmark: _Ref242347526]Table 4: Unit conversion of oil, natural gas and uranium to TWh energy and TWh electricity. 
	Unit conversions of oil

	Million barrels
	Energy (TWh)
	Source

	1
	1.63
	(EIA, 2026)

	Energy (TWh)
	Electricity (TWh)
	

	1
	0.37
	(IEA, 2008)

	Unit conversion of natural gas

	m3 natural gas
	Energy (TWh)
	

	1
	11.11
	(GOV.UK, 2014)

	Energy (TWh)
	Electricity
	

	1
	0.40
	(IEA, 2008)

	Unit conversion of uranium

	Tonne uranium
	Energy (TWh)
	

	1
	0.044
	(World Nuclear Association, 2023)



The world proven oil reserves are reported by the Organization of the Petroleum Exporting Countries (OPEC, 2025). These values are taken from the Annual Statistical Bulletin, Table 3.1 page 22. Some of the countries in Table 5 below are grouped differently to the original report. The million barrels are converted to TWh using the conversions provided in Table 4. 
[bookmark: _Ref242347541]Table 5: World proven crude oil reserves by country and region in million barrels, in TWh, and in TWh* after the conversion to electricity.
	Country/Region
	2024
(mb)
	2024
(TWh)
	2024
(TWh)*

	North America
	54644
	88727
	32829

	Canada
	4344
	7073
	2617

	Mexico
	5136
	8362
	3094

	United States
	45014
	73292
	27118

	Europe
	10399
	18420
	6815

	Denmark
	365
	594
	220

	Norway
	6912
	11254
	4164

	United Kingdom
	1500
	2442
	904

	Others
	1622
	2641
	977

	Other Europe
	914
	1488
	551

	Asia Pacific
	1892
	3081
	1140

	Australia
	1803
	2936
	1086

	Others
	89
	145
	54

	China
	28182
	45886
	16978

	India
	4981
	8110
	3001

	Asia
	11519
	18755
	6939

	Brunei
	1100
	1791
	663

	Indonesia
	2410
	3924
	1452

	Malaysia
	2700
	4396
	1627

	Vietnam
	4400
	7164
	2651

	Others
	909
	1480
	548

	South America
	344883
	561783
	207860

	Argentina
	2999
	4883
	1807

	Brazil
	15894
	25879
	9575

	Chile
	150
	244
	90

	Colombia
	2019
	3287
	1216

	Ecuador
	8273
	13470
	4984

	Venezuela
	303221
	493704
	182671

	Others
	12477
	20315
	7517

	Middle East
	871218
	1418517
	524851

	Iran
	208600
	339643
	125668

	Iraq
	145019
	236120
	87364

	Kuwait
	101500
	165262
	61147

	Oman
	4971
	8094
	2995

	Qatar
	25244
	41102
	15208

	Saudi Arabia
	267200
	435055
	160970

	United Arab Emirates
	113000
	183987
	68075

	Others
	5684
	9255
	3424

	Africa
	119363
	194347
	71908

	Algeria
	12200
	19864
	7350

	Angola
	2550
	4152
	1536

	Congo
	1811
	2949
	1091

	Egypt
	3300
	5373
	1988

	Equatorial Guinea
	1100
	1791
	663

	Gabon
	2000
	3256
	1205

	Libya
	48363
	78745
	29136

	Nigeria
	37280
	60699
	22459

	Sudan
	5000
	8141
	3012

	Others
	5759
	9377
	3469

	Russia
	80000
	130256
	48195

	Eurasia
	38874
	63295
	23419

	Azerbaijan
	7000
	11397
	4217

	Belarus
	198
	322
	119

	Kazakhstan
	30000
	48846
	18073

	Turkmenistan
	600
	977
	361

	Ukraine
	395
	643
	238

	Uzbekistan
	594
	967
	358

	Others
	87
	142
	52

	Total world
	1566869
	2551176
	943935



The world proven natural gas reserves are reported by the Organization of the Petroleum Exporting Countries (OPEC, 2025). These values are taken from the Annual Statistical Bulletin, Table 9.1 page 76. Some of the countries in Table 6 below are grouped differently to the original report. 
[bookmark: _Ref242347566]Table 6: World proven natural gas reserves by country and region in billion standard cubic meters, in TWh, and in TWh* after the conversion to electricity.
	Country/Region
	2024
(mb)
	2024
(TWh)
	2024
(TWh)*

	North America
	20661
	229444
	91778

	Canada
	2462
	27356
	10942

	Mexico
	276
	3067
	1227

	United States
	17912
	199022
	79609

	Europe
	3132
	35844
	14338

	Denmark
	90
	1000
	400

	Germany
	17
	189
	76

	Italy
	47
	522
	209

	Netherlands
	74
	822
	329

	Norway
	1890
	21000
	8400

	Poland
	90
	1000
	400

	United Kingdom
	161
	1789
	716

	Others
	763
	8478
	3391

	Other Europe
	94
	1044
	418

	Bulgaria
	4
	44
	18

	Romania
	80
	889
	356

	Asia Pacific
	3516
	38822
	15529

	Australia
	2741
	30456
	12182

	New Zealand
	45
	500
	200

	Others
	708
	7867
	3147

	China
	2890
	32111
	12844

	India
	1145
	12722
	5089

	Asia
	4751
	52789
	21116

	Bangladesh
	186
	2067
	827

	Brunei
	217
	2411
	964

	Indonesia
	894
	9933
	3973

	Japan
	22
	244
	98

	Malaysia
	2112
	23467
	9387

	Myanmar
	217
	2411
	964

	Pakistan
	427
	4744
	1898

	Thailand
	162
	1800
	720

	Vietnam
	174
	1933
	773

	Others
	362
	4022
	1609

	South America
	7390
	82111
	32844

	Argentina
	470
	5222
	2089

	Bolivia
	175
	1944
	778

	Brazil
	628
	6978
	2791

	Chile
	10
	111
	44

	Colombia
	54
	600
	240

	Ecuador
	9
	100
	40

	Peru
	237
	2633
	1053

	Trinidad & Tobago
	299
	3322
	1329

	Venezuela
	5511
	61233
	24493

	Others
	8
	89
	36

	Middle East
	82522
	916911
	366764

	Iran
	33988
	377644
	151058

	Iraq
	3714
	41267
	16507

	Kuwait
	1784
	19822
	7929

	Oman
	644
	7156
	2862

	Qatar
	23831
	264789
	105916

	Saudi Arabia
	9727
	108078
	43231

	United Arab Emirates
	8210
	91222
	36489

	Others
	624
	6933
	2773

	Africa
	17221
	191344
	76538

	Algeria
	4504
	50044
	20018

	Angola
	129
	1433
	573

	Cameroon
	170
	1889
	756

	Congo
	284
	3156
	1262

	Egypt
	2209
	24544
	9818

	Equatorial Guinea
	40
	444
	178

	Gabon
	27
	300
	120

	Libya
	730
	8111
	3244

	Mozambique
	2840
	31556
	12622

	Nigeria
	5979
	66433
	26573

	Others
	309
	3433
	1373

	Russia
	46832
	520356
	208142

	Eurasia
	18739
	208211
	83284

	Azerbaijan
	1900
	21111
	8444

	Kazakhstan
	1830
	20333
	8133

	Turkmenistan
	13900
	154444
	61778

	Ukraine
	239
	2656
	1062

	Uzbekistan
	846
	9400
	3760

	Others
	24
	267
	107

	Others
	10
	111
	44

	Total world
	208892
	2321022
	928409



The world proven uranium reserves are reported by the Nuclear Energy Agency (Nuclear Energy Agency & International Atomic Energy Agency, 2024). These values are taken from the Uranium Resources, Production and Demand report, Table 1.2a page 22. The total tonnes are the sum of the uranium in the cost range of 40$/kgU to 260$/kgU. 
Table 7: World proven uranium reserves by country and region, in tonnes and TWh* after the conversion to electricity.
	Country
	Total
(Tonnes)
	2024
(TWh*)

	Africa
	3528700
	155263

	Algeria
	19500
	858

	Botswana
	174400
	7674

	Cameroon
	21000
	924

	Central African Republic
	29200
	1285

	Chad
	2400
	106

	Congo, Dem. Rep.
	2700
	119

	Egypt
	12500
	550

	Gabon
	10600
	466

	Jordan
	49000
	2156

	Malawi
	34500
	1518

	Mali
	17800
	783

	Mauritania
	43700
	1923

	Namibia
	1081900
	47604

	Niger
	821700
	36155

	Senegal
	4700
	207

	Somalia
	7600
	334

	South Africa
	985300
	43353

	Tanzania
	162200
	7137

	Zambia
	46000
	2024

	Zimbabwe
	2000
	88

	North America
	1921400
	84542

	Canada
	1722100
	75772

	Mexico
	10100
	444

	United States
	189200
	8325

	South America
	724200
	31865

	Argentina
	88900
	3912

	Brazil
	519200
	22845

	Bolivia
	1300
	57

	Chile
	1400
	62

	Guyana
	4600
	202

	Paraguay
	8600
	378

	Peru
	100200
	4409

	Europe
	497900
	21908

	Bulgaria
	5100
	224

	Czechia
	119900
	5276

	Denmark (Greenland)
	114000
	5016

	Finland
	2400
	106

	Germany
	7000
	308

	Greece
	7000
	308

	Hungary
	16700
	735

	Italy
	18300
	805

	Portugal
	14000
	616

	Romania
	13200
	581

	Slovak Republic
	43700
	1923

	Slovenia
	23800
	1047

	Spain
	93600
	4118

	Sweden
	19200
	845

	Russia
	1161500
	51106

	Eurasia
	3279800
	144311

	Kazakhstan
	2916800
	128339

	Ukraine
	363000
	15972

	Middle East
	261100
	11488

	Iran, Islamic Republic of
	14800
	651

	Saudi Arabia
	46100
	2028

	Türkiye
	63100
	2776

	Uzbekistan
	137100
	6032

	Asia Pacific
	3606400
	158682

	Australia
	3606400
	158682

	China
	810800
	35675

	India
	252500
	11110

	Asia
	364300
	16029

	Japan
	13200
	581

	Indonesia
	18700
	823

	Mongolia
	306100
	13468

	Pakistan
	22500
	990

	Viet Nam
	3800
	167

	Total
	27084600
	1191722






Figure two: metal/mineral reserve quantities in the European Union
These values were taken from the Raw Material Information System platform, where quantities of each element are reported in tonnes for each country. 
Table 8: Reported reserves of minerals in countries of the European Union.
	Country
	Mineral
	Reported in
	Quantity (tonne)
	Element / label
	Quantity of element (tonne)

	Austria
	Lithium
	Li
	72937
	Li
	72937

	
	Magnesite
	Magnesite
	49000
	Mag*
	14125

	
	Magnesium
	Mg
	49000
	Mg
	49000

	Belgium
	No data
	
	
	
	 

	Bulgaria
	Lead
	Pb
	71300
	Pb
	71300

	
	Copper
	Cu
	144682
	Cu
	144682

	
	Zirconium
	Zircon (ZrSiO4)
	27300
	Zr
	13586

	
	Zinc
	Zn
	27300
	Zn
	27300

	
	Silver
	Ag
	143
	Ag
	143

	
	Gold
	Au
	64.9
	Au
	65

	Croatia
	No data
	
	
	
	 

	Cyprus
	No data
	
	
	
	 

	Czechia
	Coking coal
	Coking coal
	413
	
	 

	Denmark
	No data
	
	
	
	 

	Estonia
	No data
	
	
	
	 

	Finland
	Iron and steel
	Fe
	35060200
	Fe
	35060200

	
	Nickel
	Ni
	4070597
	Ni
	4070597

	
	Phosphate rock
	P2O5
	1000000
	P
	436429

	
	Cobalt
	Coking coal
	312000
	
	 

	
	Zirconium
	Zircon (ZrSiO4)
	9300
	Zr
	4628

	
	Lead
	Pb
	3500
	Pb
	3500

	
	Lithium
	Li
	92709
	Li
	92709

	
	Zinc
	Zn
	9300
	Zn
	9300

	
	Copper
	Cu
	486590
	Cu
	486590

	
	Selenium
	Se
	300
	Se
	300

	
	Gold
	Au
	135
	Au
	135

	
	Silver
	Ag
	125
	Ag
	125

	
	Platinum
	Pt
	14.0
	Pt
	14

	
	Palladium
	Pd
	9.10
	Pd
	9

	France
	Zirconium
	Zircon (ZrSiO4)
	318000
	Zr
	158256

	
	Zinc
	Zn
	318000
	Zn
	318000

	
	Copper
	Cu
	103000
	Cu
	103000

	
	Gold
	Au
	9.75
	Au
	10

	Germany
	Lithium
	Li
	508664
	Li
	508664

	Greece
	Copper
	Cu
	740000
	Cu
	740000

	
	Zirconium
	Zircon (ZrSiO4)
	468000
	Zr
	232905

	
	Zinc
	Zn
	468000
	Zn
	468000

	
	Nickel
	Ni
	353000
	Ni
	353000

	
	Lead
	Pb
	374000
	Pb
	374000

	
	Magnesite
	Magnesite
	280000
	Mag
	80716

	
	Magnesium
	Mg
	280000
	Mg
	280000

	
	Perlite
	Perlite
	180000
	
	 

	
	Silver
	Ag
	1062
	Ag
	1062

	
	Gold
	Au
	185
	Au
	185

	Hungary
	Copper
	Cu
	788000
	Cu
	788000

	
	Zirconium
	Zircon (ZrSiO4)
	575000
	Zr
	286154

	
	Zinc
	Zn
	575000
	Zn
	575000

	Ireland
	Zirconium
	Zircon (ZrSiO4)
	849000
	Zr
	422513

	
	Zinc
	Zn
	849000
	Zn
	849000

	
	Lead
	Pb
	219738
	Pb
	219738

	
	Silver
	Ag
	0.454
	Ag
	0

	Italy
	No data
	
	
	
	 

	Latvia
	No data
	
	
	
	 

	Lithuania
	No data
	
	
	
	 

	Luxembourg
	No data
	
	
	
	 

	Malta
	No data
	
	
	
	 

	Netherlands
	No data
	
	
	
	 

	Poland
	Copper
	Cu
	18754867
	Cu
	18754867

	
	Zirconium
	Zircon (ZrSiO4)
	7707000
	Zr
	3835463

	
	Zinc
	Zn
	7707000
	Zn
	7707000

	
	Lead
	Pb
	3521000
	Pb
	3521000

	
	Coking coal
	Coking coal
	21067
	
	 

	
	Helium
	He
	24
	He
	24

	
	Selenium
	Se
	3000
	Se
	3000

	
	Silver
	Ag
	47750
	Ag
	47750

	Portugal
	Lead
	Pb
	673000
	Pb
	673000

	
	Zirconium
	Zircon (ZrSiO4)
	2029000
	Zr
	1009751

	
	Zinc
	Zinc
	2029000
	Zinc
	2029000

	
	Copper
	Cu
	538500
	Cu
	538500

	
	Tungsten
	W
	4579
	W
	4579

	
	Tin
	Sn
	10222
	Sn
	10222

	
	Silver
	Ag
	3829
	Ag
	3829

	
	Gold
	Au
	11.2
	Au
	11

	Romania
	Copper
	Cu
	198522
	Cu
	198522

	
	Silver
	Ag
	1790
	Ag
	1790

	
	Gold
	Au
	14451612
	Au
	14451612

	Slovakia
	Iron and steel
	Fe
	941774000
	Fe
	941774000

	
	Potash
	Potash (K2O)
	67173400
	
	 

	
	Magnesite
	Magnesite
	1200000
	Mag
	345925

	
	Tin
	Sn
	1709
	Sn
	1709

	
	Perlite
	Perlite
	30000
	
	 

	
	Magnesium
	Mg
	1200000
	Mg
	1200000

	Slovenia
	No data
	
	
	
	 

	Spain
	Potash
	Potash (K2O)
	26800000
	
	 

	
	Zirconium
	Zircon (ZrSiO4)
	3861000
	Zr
	1921464

	
	Zinc
	Zn
	3861000
	Zn
	3861000

	
	Strontium
	Sr
	3400000
	Sr
	3400000

	
	Copper
	Cu
	2280972
	Cu
	2280972

	
	Lead
	Pb
	1669000
	Pb
	1669000

	
	Magnesite
	Magnesite
	35000
	Mag
	10089

	
	Nickel
	Ni
	21000
	Ni
	21000

	
	Fluorspar
	Fluorspar (CaF2)
	15000
	F
	7300

	
	Lithium
	Li
	230000
	Li
	230000

	
	Tin
	Sn
	15241
	Sn
	15241

	
	Magnesium
	Mg
	35000
	Mg
	35000

	
	Tungsten
	W
	54827
	W
	54827

	
	Silver
	Ag
	4522
	Ag
	4522

	
	Gold
	Au
	14.1
	Au
	14

	Sweden
	Iron and steel
	Fe
	567640200
	Fe
	567640200

	
	Selenium
	Se
	500
	Se
	500

	
	Copper
	Cu
	2816340
	Cu
	2816340

	
	Zinc
	Zn
	3952580
	Zn
	3952580

	
	Zirconium
	Zircon (ZrSiO4)
	3952580
	Zr
	1967040

	
	Lead
	Pb
	1668380
	Pb
	1668380

	
	Tellurium
	Te
	700
	Te
	700

	
	Graphite, natural
	Graphite
	544693
	G
	544693


*Mag refers to magnesium that is estimated from the weight percent of Mg in magnesite. It is unclear whether the estimated quantity of magnesium reported by the RMIS platform falls within the reported magnesite values, thus they were kept separate. 

Figure two: calculating the electricity production using the module designs and reserves
To determine the TWh quantity of electricity producible by a particular element in a module, the quantity of reserves [tonnes] is divided by the quantity of the element per m2 of module [kg/m2] to determine the total number/area of modules that can be produced using the reserves [m2]. This value is then multiplied by the assumed electricity production value of 240 [W/m2] and then further multiplied by the 1400 sun-hours [hours]. 
For example, the M-Sol uses an estimated 0.00162kg/m2 of silver. The European Union’s estimated reserves for silver are 59222 tonnes.  




The resulting quantity of TWh that each module design could produce is provided in Table 9, Table 10 and Table 11.
[bookmark: _Ref242348079]Table 9: Solaronix module design output from European Union reserves.
	Element
	Quantity reserves
(tonnes)
	Total area of modules that can be produced (m2)
	Scale-up
(1000TWh)

	F
	7.30E+03
	1.05E+11
	35.3

	Sn
	2.72E+04
	2.61E+10
	8.78

	Zr
	9.85E+06
	6.94E+11
	2.33E+02

	Ti
	0
	0
	0

	Pb
	8.20E+06
	3.72E+12
	1.25E+03

	G
	5.45E+05
	9.00E+09
	3.02E+00

	Ag
	5.92E+04
	3.66E+10
	1.23E+01



[bookmark: _Ref242348081]Table 10: University of Freiburg module design output from European Union reserves.
	Element
	Quantity reserves
(tonnes)
	Total area of modules that can be produced (m2)
	Scale-up
(1000TWh)

	In
	0
	0
	0

	Sn
	2.72E+04
	3.22E+11
	108

	Cs
	0
	0
	0

	Pb
	8.20E+06
	9.31E+12
	3.13E+03

	P
	4.36E+05
	6.47E+14
	2.17E+05

	Al
	0.00E+00
	0
	0



[bookmark: _Ref242348082]Table 11: HIERN module design output from European Union reserves.
	Element
	Quantity reserves
(tonnes)
	Total area of modules that can be produced (m2)
	Scale-up
(1000TWh)

	In
	0.00E+00
	0
	0

	Sn
	2.72E+04
	3.22E+11
	108

	Cs
	0.00E+00
	0
	0

	Pb
	8.20E+06
	2.37E+12
	7.97E+02

	P
	4.36E+05
	7.30E+13
	2.45E+04

	Ni
	4.44E+06
	8.84E+13
	2.97E+04

	Ag
	5.92E+04
	3.66E+10
	1.23E+01





Figure four: calculating the electricity production using the module designs and secondary resources
The same procedure as above was followed, but the quantity of waste was used from Table 12 rather than the reserves (Urban Mine Platform, 2026). The Figure 4b from the main text then had the end-of-life recycling input rate (EOL-RIR) applied to it. Most of the EOL-RIR percentages are from the RMIS platform (European Commission, 2026), however, the gold, cobalt, molybdenum, and tin recycling rates are from the Joint Research Council (European Commission. Joint Research Centre., 2018). 
The results of each module design are shown in Table 13, Table 14 and Table 15.
[bookmark: _Ref242348031]Table 12: Quantity of waste (tonnes) in 2019 and end-of-life recycling input rate (%) for a range of materials. 
	Element
	Quantity 
(tonnes/year)
	End-of-life recycling input rate 
(%)

	Ag
	480
	19

	Al
	4600000
	21

	Au
	66
	20

	Co
	13000
	35

	Cr
	130000
	21

	Cs
	0
	0

	Cu
	650000
	30

	F
	1300
	1

	Ga
	1300
	0

	Graphite
	0
	0

	In
	74
	1

	Li
	7200
	0

	Mg
	1700000
	7

	Mo
	4900
	30

	Nb
	950
	0

	Ni
	110000
	16

	P
	420000
	0

	Pb
	860000
	80

	Pt
	11
	12

	Sn
	15000
	32

	Ti
	760000
	1

	Zn
	270000
	40

	Zr
	0
	0


*There is no data for Cs, Graphite and Zr. 

[bookmark: _Ref242348165]Table 13: Solaronix module design output from European Union waste and end-of-life recycling input rates.
	Element
	Waste-based output 
(1000TWh)
	Waste and EOL-RIR output 
(1000TWh)

	Ag
	9.96E-02
	1.89E-02

	F
	6.28E+00
	6.28E-02

	Pb
	1.31E+02
	1.05E+02

	Sn
	4.85E+00
	1.55E+00

	Ti
	3.11E+01
	3.11E-01



[bookmark: _Ref242348167]Table 14: University of Freiburg module design output from European Union waste and end-of-life recycling input rates.
	Element
	Waste-based output 
(1000TWh)
	Waste and EOL-RIR output 
(1000TWh)

	Al
	3.82E+03
	8.01E+02

	Cs
	0
	0

	In
	3.12E-02
	3.12E-04

	P
	2.09E+05
	0.00E+00

	Pb
	3.28E+02
	2.63E+02

	Sn
	5.97E+01
	1.91E+01



[bookmark: _Ref242348168]Table 15: HIERN module design output from European Union waste and end-of-life recycling input rates.
	Element
	Waste-based output 
(1000TWh)
	Waste and EOL-RIR output 
(1000TWh)

	Ag
	9.96E-02
	1.89E-02

	Cs
	0
	0

	In
	3.12E-02
	3.12E-04

	Ni
	7.35E+02
	1.18E+02

	P
	2.36E+04
	0.00E+00

	Pb
	8.36E+01
	6.69E+01

	Sn
	5.97E+01
	1.91E+01






Figure five: concentration of metals/minerals in ore deposits, from waste, and the earth’s crust.
The ore deposit data was taken from a variety of sources, with most being the United States Geological Survey and the British Geological Survey. Table 16 shows the maximum and minimum ore grade data from numerous sources. Some data sources were different reports entirely, some data points come from different parts of the same report. The minimum and maximum across the one to four datapoint range was then plotted onto figure five of the main manuscript. The average ore grade was also taken from various sources. Table 16 has both the hyperlinks directly to the data used for ease of access, as well as the citation of the source. Only ore grades reported as averages were labelled as an ‘average’ datapoint – that is, no average value was calculated. Deposits on the sea floor, soil, mine waste sites and water were generally disregarded.  
If values were reported in a mineral weight percent or ppm, the element was isolated using atomic weights and stoichiometric ratios. 
[bookmark: _Ref242356413]Table 16: The maximum, minimum and average ore grades for a range of elements used in perovskite solar cell research.
	Element
	Typical grade data point 1 (min wt %)
	Typical grade data point 1 (max wt %)
	Typical grade data point 2 (min wt %)
	Typical grade data point 2 (max wt %)
	Typical grade data point 3 (min wt %)
	Typical grade data point 3 (max wt %)
	Typical grade data point 3 (min wt %)
	Typical grade data point 3 (max wt %)
	Average datapoint  (wt %)
	Sources

	Aluminium
	17

	28
	
	
	
	
	
	
	24
	(International Aluminium Institute, 2022)
(BGR, 2020)

	Caesium
	4.7
	30
	
	
	
	
	
	
	19.0
	(USGS, 2022)
(Butterman et al., 2004)

	Chromium
	17
	37
	
	
	
	
	
	
	
	(Schulte et al., 2012)

	Cobalt
	0.01
	1
	0.04
	0.92
	0.0047
	0.0115
	0.007
	0.02
	0.24
	(Petavratzi et al., 2019)
(Dehaine et al., 2021)
(Schulz et al., 2017)

	Copper
	0.2
	2
	0.094
	1.7
	0.1
	8
	
	
	0.62
	(Bide, 2007)
(Crowson, 2012)
(Leach et al., 2010)
(Calvo et al., 2016)

	Fluorine
	14.6
	34
	29
	47
	0.001
	26
	
	
	
	(Bide, 2011)

	Gallium
	0.0008
	0.0812
	0.9
	55.1
	0.031
	12
	0.0006
	0.0275
	0.0057
	(Schulte & Foley, 2013)

	Gold
	0.0001
	0.001
	
	
	
	
	
	
	
	(Calvo et al., 2016)

	Indium
	0.0001
	0.01
	
	
	
	
	
	
	
	(USGS, 2024a)

	Lithium
	0.01
	0.31
	0.01
	1.85
	0.004
	0.0066
	0.54
	7.3
	
	(Brown, 2016)
(Schulz et al., 2017)

	Lead
	0.18
	13
	5
	15
	
	
	
	
	1.9
	(Leach et al., 2010)

	Magnesium
	7
	29
	
	
	
	
	
	
	
	(USGS, 2024b)

	Molybdenum
	0.1
	0.3
	0.03
	0.22
	
	
	
	
	
	(Ludington & Plumlee, 2010)
(Taylor et al., 2012)

	Nickel
	0.2
	3
	0.66
	2.4
	0.5
	0.3
	
	
	1.3
	(Bide et al., 2008)
(Marsh et al., 2013)
(Schulz et al., 2014)

	Niobium
	0.07
	8.4
	
	
	
	
	
	
	
	(Shaw & Goodenough, 2011)

	Palladium
	0.00005
	0.0005
	
	
	
	
	
	
	
	(Gunn & Benham, 2009)

	Phosphorus
	1.3
	16.6
	
	
	
	
	
	
	
	(El Bamiki et al., 2021)

	Platinum
	0.00005
	0.0005
	0.0005
	0.0015
	0.091
	0.015
	
	
	
	(Gunn & Benham, 2009)
(Schulz et al., 2017)

	Silver
	0.010
	0.048
	0.00034
	0.0485
	
	
	
	
	0.027
	(Ruberti & Massari, 2018)
(Leach et al., 2010)
(Graybeal & Vikre, 2010)

	Tin
	0.3
	1
	0.0058
	0.0145
	
	
	
	
	
	(Menzie et al., 1988)
(Schulz et al., 2017)

	Titanium
	0.61
	12
	
	
	
	
	
	
	
	(Woodruff et al., 2017)

	Zinc
	0.11
	24
	5
	15
	
	
	
	
	6
	(Leach et al., 2010)
(Christie & Brathwaite, n.d.)

	Zirconium
	0.0047
	0.64
	0.0094
	0.1
	
	
	
	
	
	(USGS, 2021)
(Schulz et al., 2017)



The concentration of elements in waste electrical and electronic equipment (WEEE) was taken from ten published papers and covered 79 items (Cucchiella et al., 2015; Hlavatska et al., 2021; Holuszko et al., 2022; Oguchi et al., 2011; Paz et al., 2024; Petter et al., 2014; Rocchetti et al., 2015; Tunali et al., 2021; Wang & Xu, 2014; Winslow et al., 2018). Any value reported in ppm was converted to weight percent. An example of this data is demonstrated below (Holuszko et al., 2022).
Table 17: Weight percent of elements in various electrical and electronic equipment, as reported  by Holuszko et al. (Holuszko et al., 2022). 
	
	Air conditioner
	Desktop
	Laptop
	Cellphone
	Printed circuit board
	Refrigerator
	Television
	Washing machine

	Element
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %
	Min wt %
	Max wt %

	Al
	8
	9
	2
	4
	1
	2
	3
	
	2
	8
	1
	2
	1
	15
	0
	3

	Cu
	6
	19
	7
	20
	1
	19
	10
	33
	12
	19
	3
	17
	1
	21
	3
	7

	Au
	0.0015
	
	0.0046
	0.024
	0.0032
	0.063
	0.003
	0.15
	0.0029
	0.112
	0.0044
	
	0.0005
	0.03
	0.0017
	

	Pd
	
	
	18
	25
	0.0019
	
	0.03
	0.17
	0.0033
	0.022
	
	
	0
	0.012
	
	

	Ag
	0.0058
	
	0.0207
	0.057
	0.019
	0.11
	0.2
	0.38
	0.01
	0.52
	0.0042
	
	0.012
	0.06
	0.0051
	


 

