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Resource constraints make forward-looking 

material demand planning essential



Material Flow Analysis (MFA) model
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Deployment scenarios

Installed capacity by 2050

2026

Low, 29 TW
IEA Net Zero Emissions [1]

High, 63 TW
1.5°C without carbon removal [2]

Sensitivity scenarios of 40, 50 and 75 TW

2035 2050

[1] IEA, World Energy Outlook 2025, IEA, Paris (2025)

[2] D. Bogdanov. et al., Energy 227, 120467 (2021) 
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TECHNOLOGY DEVELOPMENTS

Extrapolating 2025-2035 trends

Cell & Module level
• Cell technology (TOPCon, SHJ,..)

• M10 or G12 cell format

• Silver & Copper metallization 

• Silicon wafer thickness

• Kerf loss

• Cell efficiency

• Module efficiency

• Bi-facial modules 

• Lead-free solder alloys

• Front and back glass thickness

• Frame material

Image: https://www.csemag.com/pv-system-fundamentals/ 

Inverter BoS
• Cabling

• Mounting structures
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Lifetime modelling

Weibull probability distributions[1]
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[1] V. Tan et al., sustainability 14(9), 5336 (2022)
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Lifetime modelling

Stock-driven model



Results
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General results

New annual installations

End-of-life systems
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General results

In-use stock
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General results
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SECONDARY SUPPLY 2025-2050

Future PV waste Cumulative demand

15-20%
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CUMULATIVE DEMAND 2025-2050

BULK MATERIALS

Aluminum 510-1 100 Mt

Copper 145-280 Mt

Solar-grade silicon 60-120 Mt

Mounting
68%

Frame
26%
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CUMULATIVE DEMAND 2025-2050

BULK MATERIALS

Aluminum 510-1 100 Mt

Copper 145-280 Mt

Solar-grade silicon 60-120 Mt

Cable

75%

Inverter

13%
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PRIMARY SUPPLY

7 Mt

30-65%
Current global 
mine production

15 Mt

COPPER PEAK ANNUAL DEMAND
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CUMULATIVE DEMAND 2025-2050

BULK MATERIALS

Aluminum 510-1 100 Mt

Solar-grade 
silicon

60-120 Mt

Copper 145-280 Mt

Losses
20%
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SILVER

Metallization innovation and closed-loop recycling 
are silver's lifeline

30-45%
of cumulative demand 

could be supplied by 

silver in future PV 

waste
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INDIUM · TRANSPARENT CONDUCTIVE OXIDES

Demand passes the global resource estimate by the 
mid-2040s

Reserves & 

resources estimate
50 000 t [1]

Low, 29 TWp

130 000 t

60 000 t

High, 63 TWp

[1] Lokanc et al., NREL/SR-6A20-62409 (2015)
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INDIUM · TRANSPARENT CONDUCTIVE OXIDES

Market share to stay inside current reserves & 
resources estimate

30% Low, 29 TWp

15% High, 63 TWp
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Tin

Solder puts tin under pressure

38-78%

29-65%

Cumulative 2025-2050 demand relative to global reserves

Peak annual demand relative to current mine production



Conclusions
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Conclusions

01 The ongoing transition to copper metallization 

can substantially reduce future silver demand

02 Indium substitution in TCOs is a necessity for 

heterojunction and tandem technologies

03 Strong bottlenecks in the primary supply of 

copper and tin to meet future sector demand
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International PV Systems Summer School: www.tudelft.nl/pvsss
Scan the QR-code to reach our online courses hub
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