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Umicore Electro-Optic Materials focuses on

17 out of 34 critical raw materials part
germanium products and infra-red optics

of Umicore's portfolio




Umicore’s position in the Ge value chain
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refining & recycling

outside of China

us

Decades of experience in germanium

Largest germanium producer & recycler

Extensive customer base in Europe and

Recognised as one of the most
sustainable companies in the world
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Geographic presence Umicore’s Ge operations

Quapaw, OK, USA

=

27¢| Production Site

Dundee, Scotland, UK

=

Dﬂ Production Site

Olen, Belgium

Headquarters

Production Site

=

77| Production Site

= Tokyo, Japan
MW sales office

” Seoul, Korea
-Ea Sales office

" Shanghai, China
ik Sales office

Taipei, Taiwan
Sales office

“ Mumbai, India
B8 sales office




Umicore’s Germanium Flow Sheet
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Serving strategic applications today and tomorrow

Today Tomorrow

Photonics
Non-space solar

Germanium .
Substrates Space exploration

Constellations
Germanium Optical Precursor for

microelectronics

Fiber
Cable

Tetrachloride
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Global Germanium Value Chain umicore—

Electro-Optic Materials

Origin of global primary
germanium supply

+ Small minor metals market (130-150 tons/yr) with 70% of total ow
primary output from China 30%

* Export control measures introduced August 23 by China in view
of geo-political tensions

China

+ Export licenses exclude US companies and military end use 70%

* Umicore has ensured continued supply for its customer base
since the introduction of the export control

Type of global primary
germanium supply

Coal based
35%

Zinc based
65%
Creating a resilient supply base has been part of

Umicore’s strategy for two decades




Umicore’s strategy in creating a resilient supply
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Umicore’s strategy in creating a resilient supply
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Upstream Development
Umicore’s Ge sourcing portfolio

Umicore: 100% Sustainable
Germanium supply

Primary vs secondary sourcing

Recycled g8

100%

SUSTAINABLE
GERMANIUM

as from 2022

Primary Feed
<50%

Zinc

Recycling
based

>50%

Germanium \

Sourcing

Umicore is the only Germanium
producer with 100% sustainable
germanium,

and can additionally offer 100%
recycled germanium

10% Susfai}lble Gerrﬁanium
GUARANTEED

100% Recy-cld Germanium
AVAILABLE *

* Limited availability
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Upstream Development Germanium \

Sourcing

Long term deal with STL in DRC

* Umicore has been recovering Ge from
Big Hill indirectly for 20 years

« Last year, a new partnership has been
signed to further support extraction of
Ge from these old Zn tailings
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Your partner in Ge recycling

. . Germanium
Continuous research to enlarge portfolio Recycling
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EFFICIENT
PROCESSES

Germanium can be
recovered from
streams with Ge

content of 0.5 % for

solids and 0.5 g/l for,
liquids

HIGH CAPACITY EXTENSIVE A
p CAPABILITIES 4
Several thousands of

tons of recycling Pyro and hydro

streams annually metallurgy for complex
streams

We partner with customers to recover Ge directly from their waste streams
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Innovation: Re-usable G
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Innovation: Re-usable Ge substrate @\

Two routes being explored in parallel Germanium
Substrates

~
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ble porous layer formation

(1) Ge wafer
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(2) Single porous layer
formation

(6) Reconditioned Ge wafer s - f

(3) Ge Epi growth

(3)Anneal

el

Z Fraunhofer

ISE

- ‘/ (- i

Eesa (5) Foil transfer (4) 11I-V Epi growth Shertigole

‘ 14

This project was partially carried out under a programme 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




Re-usable Ge substrate: towards pilot scale @

Germanium

Substrates
Proof-of-concept & Scalable Process Dvt Flexible blanket demonstration

2) Flexible Solar Cell Demonstration

Flexible Solar Array 15



Re-usable Ge substrate project — way forward @\
Upscaling to 6” and pilot fab @ Umicore Belgium

Germanium

/ \ Substrates

Until 2024 2024-2026 2026-2028
Proof of Technical Construction FuII_
: : production,
concept insourcing phase, Capacit
(v1) (v2) Scale up pacity
expansion

10/yr, 4” 10%/yr, 4” 103/yr, 6” >10%yr, 6”

Beyond 2028
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Strategic stock umicore
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Historical Germanium reference pricing (usp/kg)
China Ge stock piling
US starts to

$3.000
sell Stockpile Telecom boom with
high glass fiber
Booming demand from -
Japanese PET bottle production rates
$2.500 manufacturers
China Gov. & Farj_ya metal
« Umicore holds strategic echangs stoding
stock in various forms $2.000
o US, Russian Dot-com bubble
. Military infrared systems Ukrainian Stockail burst
* Umicore manages $1.500 sart fo ncrease Ge Jaainian Stockpie
. . - flat
customer stocks via tolling e
SChemeS Germanium transistor
$1.000 ea
Some Ge mines not
$500 profitable at these price 2008 Financial
levels, some mines go bust. . cnsis
War in Middle East high
demand IR optics
$0
1945 1955 1965 1975 1985 1995 2005 2015 2025
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Conclusion

Upstream
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: Increase Ge recovery; : Industrialize re- : Recycling of complex
: yields I usable Ge concept : waste streams

I 1 1

Diversification is key towards a more resilient Ge supply chain
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