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Space market

Stretched between constant market growth and
low availability of critical materials
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e Increased LEO launches (+20%, 219 launches)
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Ge-based triple junction space solar cells arethe
reference technology for space solar power generation

US and Europe are strong players in this market

Market is expecting to continue the on-going growtn

New space needs more affordable, and available thinner
and lightweight solar cells




Space market

Stretched between constant market growth and
low availability of critical materials

« EU's CRMA: Ge recognized as CRM

Description of project
The ReGAIN project is a substitution project,
focusing on the expansion and transformation of
Umicore's Ge wafering facility located in Olen,
Belgium. mmmmmuwma
. i a new technology supporting the re-use
Multiple new avenues for Ge i s o
substrates are serving the space solar cell and
micro-electronics  industry.  These  innovative
substrates allow the industry to significantly reduce
its consumption of germanium, enabling the
required growth of the end markets like space

« 2 Strategic projects related to Ge
« STL ramping up to diversify Ge sourcing
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Umicore EOM’s position in the Ge value chain

How do we

differentiate

ourselves ?

Decades of experience in
germanium refining & recycling

Largest germanium producer &
recycler outside of China

Extensive customer base in US and
Europe

Recognised as one of the most
sustainable companies in the world

Long term partnerships with
American & European government
agencies & research institutes (ESA,
NREL, IMEC, ISE ...)

umicore

Umicore's Ge sourcing
portfolio

Primary Feed
<50%

Recycling
>50%

4 pillars of Sourcing Strategy

Upstream
Development
. Strategic
Recycling stock



Have a close ook at Ge wafers...

LIGHTER
FLEXIBLE
COST EFFECTIVE



Why Engineered Ge substrates?

$ Cost reduction

-V layer

Forous

Our Solutions

o &/ Germanium —

9 o I1I-V epi-readiness
or Ge epi Lightweight

‘ . and flexible
Direct reclaim and solar cells

reuse after detachment

>90% Ge ,\
consumption ‘ Lightweight and
reduction flexible solar cells
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Innovation: reusable Ge wafers umicore

Single PGe + Ge-epi Bi-Porous Ge
Ge foll
(=1 pm)
Ge buffer
Detachment
. plane
Ge substrate Mother Ge
200 v substrate
Based on single porous layer and Ge epitaxy = drop-in
replacement solution for -V epitaxy (similar to a bulk Based on bi-porous layer and annealing
substrate) Potential for lower-cost solar cells without the need for

active Ge
High demand request for Ge epi active layer from

downstream partners and customers (3}/4/ solar cells) Major focus: Cost & complexity reduction
Major focus: Fast time-to-market

This project was partially carried out under a program of and funded by the European Space Agency (ESA) The view expressed herein can in no way be taken to reflect the official opinion of the European Space Agency
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Innovation: reusable Ge wafers umicore
Single PGe + Ge-epi Sherbrooke

Solar cell characterization
after detachment
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| Wafer-scale detachment

Wafer-scale detachment
assisted by Ni stressor layer

| Functional detached solar cells

This project was partially carried out under a program of and funded by the European Space Agency (ESA) The view expressed herein can in no way be taken to reflect the official opinion of the European Space Agency
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Innovation: reusable Ge wafers umicore
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Innovation: reusable Ge wafers & e UMicore
= Z Fraunhofer
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This project was partially carried out under a program of and funded by the European Space Agency (ESA) The view expressed herein can in no way be taken to reflect the official opinion of the European Space Agency



Technical take-aways umicore”

Single PGe + Ge-epi Bi-Porous Ge
Ge foll
(=1 pm)
Ge buffer
| Detachment
s plane
Ge substrate
| Mother Ge
- substrate ' /
— ~
Suitable for : Functional detached . .
T avere Monocrystalline <olar cells Suitable for Monocrystalline On-going work on
’ -V layers detachability
’ﬂ/_\ A/“\
o </ < Ae)
Reusable mother Lightweight and Drop-in replacement Reusable mother Lightweight and ool e e
substrate flexible product, V1 product <Ubstrate flexible o LEG marker
and V2 product

This project was partially carried out under a program of and funded by the European Space Agency (ESA) The view expressed herein can in no way be taken to reflect the official opinion of the European Space Agency



Next phase: ELLA pilot line (ReGAIN) umicore”

Proof-of-concept V1 Scale up and pilot line Capacity expansion

Concept ideation Technical in-sourcing Full production
@Umicore line installation
2019 | 2023 2026 2029 | 2032 | +2032



Conclusions and take-aways

Unique product
proposition

World leader in germanium with
resilient geographical sourcing and
unique recycling capabilities

Technology and innovation leader
on engineered Ge sub.

Technical achievements
and relevance to the
market

2 product types in-sourced at Umicore targeting
short- and long-term solutions for space solar cells

Single PGe +Ge epi, more advanced and mature.
Targets conventional triple-junctions.
Demonstrates functional detached cells at lab-
scale. Ready for up-scale and pilot line

Bi-porous Ge, still under development. Targets
new structure (without Ge active layer).
Demonstrate functional solar cells. Continuous
improvements with downstream partners

Path forward
to 2032

2026: In-sourcing period
Technologies are in-sourced from
partners in Umicore

2026-2029: scale up and pilot
installation

Up-scale on 6inch and pilot line
installation

2029-2032: Pilot line and high-
volume production installation
First batch of wafers commercially
available and volume ramp-up

This project was partially carried out under a program of and funded by the European Space Agency (ESA) The view expressed herein can in no way be taken to reflect the official opinion of the European Space Agency
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