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Transformation of the Global Energy Supply to be CO,-free in 2050
Market: Photovoltaic is Needed in Huge Quantities!

120000
-a=PV/ ===\\/ind =s=Hydropower =e=Bioenergy =e=Geothermal
=s=Solar thermal =e=Fossil Gas =e=Fossil Oil =e=Fossil Coal =e=Nuclear
100000
~ EU: 9 TW
= G: ~0.5TW
g 80000
=
s 2021:0.65TW
L .
L 60000
@
>
| S
e Fossil Oil
.= 40000
.
o
Fossil Cogl
Fossil Gas
20000
0
2015 2020 2025 2030 2035 2040 2045 2050
3 —
© Eraunhofer ISE Based on: D. Bogdanov et al, Energy 227 (2021) ~ Fraunhofer

FHG-SK: ISE-public ISE



The Need of Huge Quantities
Materials and Resources

Needs enormous resources:

~ 300.000 km? area

~ 3.000.000.000 metric tons material
(glass, silicon, silver, polymers...)

Circular Economy is mandatory!
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High efficiency is mandatory!
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Innovation: New Production Technology for Materials and
Materials for Record Cell Efficiencies and

Tandem cells
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Innovation Material Production
Silicon Wafer — Today’s Process

Chloro- Poly- : _— :
S";:Z sil?cﬁn Cropping Bricking Sawing Wafer
. ~0.55 ton
~ ! —
1 ton polysilicon ﬁ 450 kg waste! wafer
High COGS = >40% material 2 Energy and g Wafer quality
$$ and CAPEX w loss CO, intensive v limitations
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Innovation Material Production
Silicon Wafer — A New Process

1 — Electrochemical etching

4 - Removal

2 - Reorganisaton

e e

3 - Si Epitaxy
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Innovation Material Production
Silicon Wafer — New Process

Unique benefits

% 90% lower silicon losses

% 50% less energy and CO,
% 50% less CAPEX

Chloro-
silane

EpiNex®
wafer

Disruptive wafer production by direct growth from chlorosilane gas
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Innovation: Going Beyond the Limit Using one Material

Build a Tandem Solar Cell

B The sun has a wide spectrum of colours /
wavelengths

B Only one wavelength can be used efficiently
by one solar cell type

® Two solar cell materials can split up the
spectrum

B Monolithic
Tandem solar cells
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Ta n d em PV ? ABX; Struktur

Perovskites on Silicon B
- A
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Tan dem PV ? ABX, Struktur
Perovskites on Silicon .

ITO

SnO,
Ceo Perovskite

Solar Cell B
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Silicon
Solar Cell s
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Tandem PV
l1I-V-Semiconductor on Silicon: Wafer-Bonded

B Three materials: GalnP, AlGaAs, Si
B Very high voltage >3V

~5pum

200 pm
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Wafer-Bonded Solar Cell

Inverted grown
dual junction
solar cell

~5 pm

200 pm
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Tandem PV
llI-V-Semiconductor on Silicon

B Three materials: GalnP, AlGaAs, Si
B Very high voltage >3V
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Technology Status 2-Terminal lI-V/Si T
Direct Epitaxy Growth on Silic % @ \SE "
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Conclusions

B Innovations in material science are of utmost importance for solar energy

Recyclability towards circular economy

Sustainability in respect to material availability and process flow

B Innovations on component and system level mandatory

Cell, module, inverter, installation........
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Thank You for Your Attention

Fraunhofer Institut for Solar Energy Systems ISE

Prof. Andreas W. Bett : hia
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FRAUNHOFER I5SE

www.ise.fraunhofer.de
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