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Exponential growth in photovoltaics
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Do we have enough critical raw materials for PV?
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Critical raw materials

Supply risk

Economic importance
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Critical raw materials
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Critical raw materials ACT
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Dynamic material flow analysis model
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[1] E. Mdller, et al., Environ. Sci. Technol. 48, 2102-2113 (2014)
[2] International Technology Roadmap for Photovoltaic (ITRPV), 13th Edi., (2022)

Stock driven
Global PV deployment(23:4l
PV technology changes

PV lifetimel®!

» Utility PV systems: Average
lifespan of 26 years

* Residential PV systems:
around 18 years,
considering economic
motivations

e  Weilbull distribution

[3] International Energy Agency (IEA), Net Zero by 2050, (2021)
[4] IEA, https://www.iea.org/reports/solar-pv, (2022)
[5] V. Tan et al., Sustainability. 14, 5336 (2022)



PV capacity growth projections past

Gigawatts (GWp) of PV added globally per year
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Global PV deployment size
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PV technology composition
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PV technology trends
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Average cell conversion efficiency [%]
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PV efficiency projection
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Silicon metal demand PV 2022->2050
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Silver demand PV 2022->2050
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Indium demand PV 2022->2050
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Tin demand PV 2022->2050
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PV module material demand vs current production
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Increasmg factor in 2022-2050
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Comparison historical production growth
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Effect of PV technology
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Recycling potential

® Conservative PV scenario ™ Optimistic PV scenario

l

ik

2050:

Up 30% of Si and Al PV
material demand from End-
of-Life modules

Conservative growth gives
higher closed loop recycling
potential
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Conclusions: Material demand

Without material intensity
improvement

Global mining production With material intensity

0.014 - improvement
Stock driven dynamic material flow oo | o Siver
analysis model has been developed el
. . . . ; eont ; R /
Improvements in material intensity can "o |____——=———""—-| %/
reduce the annual demand for PV: 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
* 46 % for silicon _ 1200
. o Silver
* 56 % for silver T oo |
PV technology choices significantly s 7
influence indium and silver demand R RN B
_g 400
Potential for up to 30% of PV material
. = 200
demand from End-of-Life modules by 2050  :
< 0
Mixed 100% 100% 100% 100°% 100%
market PERC TOPCon SHIJ 4T 2T
share tandem tandem

5
TUDelft 22



Thank you for your attention!

TU Delft TU Delft AN 172
Institutes Climate 8.
e Action

N

A

AgTech

***,; Funded by
R the European Union

& r Ondernemen
PYMD KR

funding Horizon HyET

Europe B Flexible light weight solar modules

Contact Hiring now!

m.r.vogt@tudelft.nl Open PhD and Postdoc positions!

* %

*




	Slide 1
	Slide 2
	Slide 3
	Slide 4: Critical raw materials
	Slide 5: Critical raw materials
	Slide 6: Critical raw materials ACT
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Silicon metal demand PV 2022->2050
	Slide 14: Silver demand PV 2022->2050
	Slide 15: Indium demand PV 2022->2050
	Slide 16: Tin demand PV 2022->2050
	Slide 17: PV module material demand vs current production
	Slide 18: PV material demand growth 2022->2050
	Slide 19
	Slide 20: Effect of PV technology
	Slide 21: Recycling potential
	Slide 22: Conclusions: Material demand
	Slide 23

