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Giving a new life to end -of-life electronic
equipment in a sustainable and responsible way

Dr. Christian Hageliken & Dr. Egbert Lox

Umicore Government Affairs
EPFL, Lausanne 25. Oktober 2014
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Growing importance of metals

Metal/Element Use Intensity in Products
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Boost in anthropogenic “deposits”

Electric &
Electronic
Equipment

Cars

Clean Energy

g

&

> 40% of world mine
production Co, Sn,
Sb, In, Ru, REE

4% Au & Ag, 20% Co
& Pd in mobile
phones and laptops

> 60% of PGM mine
production for
autocatalysts

Growing “computers
on wheels”

Clean high tech
applications will
further accelerate
demand for
“technology metals”

No sustainable
development without
access to these
metals
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umicore
Towards a circular economy — the case of metals

= Recycling cannot entirely fulfil metal needs

= Products/metals to be recycled as efficiently
as possible at EoL

= Smart recycling & mining — complimentary
tools to secure supply

= Innovative materials, product design &
resource efficient use - essential to optimise
material demand

= Optimise utilisation along lifecycle instead
of reducing use

Source: EU-COM (2014) 398, Towards a circular economy,
2.7.2014

= Complex & interdependent

= System approach — whole value chain

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014 5
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Umicore’s business today umicore

Recycling

We operate a unique recycling process to * We develop technologies to treat automotive
deal with complex industrial residues and emissions

el meteel  The business is driven by increasingly

The business is driven by materials scarcity stringent emission norms to promote clean
and recycling legislation air

Performance Materials

Energy Materials

* We produce a range of essential materials « We develop materials which enable the clean
and chemicals based on precious metals production and storage of energy
and zinc

« The business is driven by the demand for
» Diverse applications, such as high-purity clean, low-carbon energy solutions
glass, construction, pharma,
electrics/electronics

ﬂ‘ Most Sustamable Curpuranuns in the World

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014



Our products & services cover 29 metals & materials

B
Rhenium Gold Lead

t Copper Tinc Gallium Germanium Selenium
Ruthenium Rhodium Palladium

Lanthanum Cerium

©

umicore

Nd

Neodymium

]
Heavy Rare Earth El its 'y .
Y Critical raw materials (EU):
Be, Co, Ga, Ge, In, Mg,
Nb, PGM, REE, Sb, W, ...
Light Rare E;rlh Elements

% oo
S ®  Niobium ,@mrmnl;
> ~——
g Magnesium Natural Graphlle Magnesne ’_- o
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Economic importance

Christian Hageluken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014
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Source: European Commission, Topic Critical Raw
Materials for the EU, updated report July 2014



Umicore’s business approach umicore

* We transform metals into
hi-tech materials

* We use application know-how to
create tailor-made solutions in
close collaboration with our
customers

* We close the loop and secure
supply by recycling production
scrap and end-of-life materials

* We aim to minimize our
environmental impact and be the
best employer and neighbour

Application
know-how

Chemistry
Material science
Metallurgy

Material
solutions

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014
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Umicore Cobalt & Specialty Materials Hmicore

Closing the loop for cobalt and other metals

- Ceramics
- Catalysts
o - Surface treatment
Applications: - piamond Tools
- Electronics
- Hard Metals
- Rechargeable Batteries

Co chemicals & powders
Ni chemicals

Cathode Mat, End-User Markets:
Powders - Aviation — Turbine blades
Oxides - EVs & portable electronics

Salts - Ni Plating

-Primary Co Cathode + Re

-Co Refineries
-Co Residues
-Ni By-product 11

Christian Hageluken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014




Umicore Electro Optical Materials

Closing the loop for Germanium

‘ By-products
e from Zn-mining
A& coal fly ashes

Christian Hageluken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014

Substrates
Optics

Optical Fibres
Solar Cells and

Infrared & Optics

NASA Mars Exploration Rovers
Spirit and Opportunity
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Metals: Ideal for a circular economy umicore

Dissipation

/Residues

Residues

- Outside
\\\ the EU ?

industrial
materials

Historic wastes
N (tailings, landfills)

from
Concentrates
& ores

= Keep metals in stock,
reduce losses along lifecycle

« Avoid dissipation By-products
« Reduce & recycle residues W‘t“ra' resources
* Ensure resource-efficient quality recycling Based on: C.E.M. Meskers:
* Closing the loops globally Coated magnesium,
designed for sustainability?
PhD thesis Delft University
15 of Technology, 2008

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014
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Recycling is a chain umicore

... and a funnel

Collection Pre-processing End-processing

Loss during low quality

Export to area of lower
& informal treatment

recycling performance

Pd
Consumer Dismantling Smelting Au
products Shred_ding Leaching Ag
(WEEE, Bat, ELV, ...) =CIIE Refining Cu
Disposal in Loss to other streams
household waste in mechanical treatment
# of actors ) : ,
1,000,000,000’s 100,000’s 1,000’s ~10

worldwide

All steps are important but no metals recycling wit hout final metallurgical recovery

= to be considered for recycling definitions & monito ring of flows

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014
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Umicore & WorldLoop : closing the e-waste
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umicore

Circular economy across all business activities,
UMICORE:

Device use =

g “Jawian DONATES IT ASSETS WORLDWIDE

Recycled matarial m

used for new
production Pick up and
refurbishment

OFFERS THEIR SERVICESTO
SUSTAINABLY TREAT THE

materials

Recovery
of valuable ‘_,g,_ . Project selection
’ v

HAZARDOUS E-WASTE
FRACTIONS FROM AFRICA

Use of best

avallable l.
technologies - + Transport

in Europe

Distribution. maintenance
and training through
local service partners

Local dismantling
& resource recavery

PURCHASES E-RESOURCE
CERTIFICATESTO HELP DEVELOP

B e A LOCAL E-WASTE RECYCLING
INFRASTRUCTURE

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014 18



|
WorldLoop umicore
Incubator for self-sustaining recycling

WorldLoop’s, a non for profit organization: mission is to eliminate t@ Awareness
| =

negative impact of e-waste by turning it into Creation
sustainable, human and economic resources \) \‘

\

It will achieve this by supporting new e-waste recy  cling companies in W

Africa to do their jobs successfully whilst respect ing the environment, Set up

health, safety and resources. Facilities

Financial support is a.o. obtained by their “e-Resou rce certificates” \d

system, linked to their mother company “Close the G ap” l

WorldLoop cooperates with  recycling partners

in developing and developed countries  to .

reach this mission. 100% Qua“ty
| Assurance

The aim of WorldLoop is to become “unneeded” and di sappear x/

eventually. This means that the local African partn  ers have '

become self-sustaining

. Engage
Colfaboration

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014



Capabilities of partners RN, -
are complimentary to their needs

Umicore WorldLoop Local entrepreneurs
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Benefits of the partnership umicore

for the different partners

Economical Social Environmental
benefits benefits benefits
s R ( ) ) ) e N
~ 16 000 ICT assets or 50 new direct jobs ability to treat all
185 tons collected & created and about 100 fractions thanks to
processed = waste indirect jobs maximum value return
avoided ) ’ of PWB treatment
N J ( ~1 500 ICT users ) N J
p N reached through
international awareness .
~ 51 tons hazardous § raising ) negative impacts of
material shipped to ; g improper recycling
Europe o ; processes avoided
4 countries involved in 2
- 7 continents, more in 2014 R s
( ) . J ( )
~ 65 000 € revenue made p .
through resource .. e conservation of non-
recovery & fraction 6 countries identified for renewable resources
resale pilot projects
& J \ J \_ J

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014



L : umicore
Recycling is dynamic

Unit weight decrease
& miniaturization

Cloud

Convergence of devices

Trends are already felt in recycling industry and | mpact:
* Volumes & tonnages -> risk of capacity mismatch
* Material composition -> what'’s in there?

* Recyclability -> which materials to focus on?
need to rethink approaches?

Christian Hageluken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014



Recycling is technologically challenging umicore

Design Dismantling/Shredding  Physical Separation Elements in recyclates Smelting technology

Imperfect

Imperfect
liberation

separation

Recyclate 1 Recyclate 3

Design determines connections Various Grades/Qualities of Recyclates

source: Markus Reuter, Outotec & Antoinette Van Schaik

, MARAS (2010)

Technical-organisational improvement needs along en tire chain:
» Product design

»  Alignment within recycling chain (system & interfac e management)

» More use of recognised high-quality recycling insta llations

» Laws of nature (thermodynamics) prohibit recovery o f all metals in some complex
“inappropriate” material mixes (“composition confli ct”)

Christian Hageliken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014 23



Umicore engaged with other key stakeholders umico,

In EU Horizon 2020 project proposal

EM, GAL
ALR, CC HIDR, KUL

PdM, RUG, TUD

Eurometaux

i/
* REM, UMI, VITO MAR, OTE, \rn’,

5\

ALR, OYC "\
EM, GAL

Optimised
* supply

Helmholtz Institut

i [ Quantified & sustainable 7
v * performance ’
A

WE UdSRT . _..‘_._ Design for E
i wiop, UL /2 Smartsepantion - S ot BSH, DE
Remondis LD —— g University of Southampton
Pdm, RUG Optimise by mineralogy; I
— technology, LCA & [ Mo life ?’"e
) 2Conomics * dpproad . . . .
. (SPC software) Politectnico di Milano
CyCIOS 4 Optimise by _é_ [Link desli_gn
L mineralogy, 0 recyding
UM VITO / ~@p~ technlog, WEEE 2020 GREENPRINT N o_-- Galloo
T = =/~ _ _ LCAeconomics fic -
. Se e 2 Resour(eg icent UMI, GAL
AUbelS WE oS e et value chain 2020 ) Optimised Outotec
prove collection ¢ manufacturing
* solutions | sub-optimal system leading
= to high material losses EBRA
UL D Design for Redesi ve chain & Poor material
WVM , = lreatment ,’, edesign value chain = value awareness
system VITO
BSH, DE
LK . -
g Tools includin \ s :
[ Tool g ~2 product-centric
DE, BSH podudt ¥ g VIT
characteristics ~
- ’ Appropriate N KU Le uven
BSH BOSCh und VTT s ;""; Consumer * business models ™ UdSRT, WF
Siemens Hausgerate X . — .
e | Awareness & = innovation h Eramet

- mofivation

_+_ Retailer & producer

engagement

Behaviour
? change

—

egend

and more EU partner ? coal

-

DE, WE UoS
[ current barrier

Al
-0 Innovative solution

24
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|
Promoting innovation and entrepreneurship yrnicore

European Institute of ) )
. e |t Innovation & Technology  €Stablished in March 2008

* Mission: increase European sustainable growth and
competitiveness by reinforcing the innovation capac ity of the EU

* Methodology: integrate higher education, research and business in
areas of high societal need (the knowledge triangle)

EIT boosts innovation
process

idea - product

laboratory - market
student = entrepreneur

25
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umicore

Knowledge and Innovation Community
= operational part of EIT

* Network of excellence:
* long-term partnerships (7+ years)

« creation of critical mass
* Co-location centers:

* physical meeting places where all
partners work together face-to-face
in highly integrated teams

* supported by regional eco-system
A Climate-KIC
A EiTICT Labs
A KIC InnoEnergy

26
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Recycling is economically challenging
- matching product properties & process capabilities

Product: Sufficient (extractable) value
e Composition (what is in?)

¢ Concentration (how much of it?)

* Material prices

* Price level for recycling service

Process: Performance & costs

* Technological efficiency for value recovery
(range, yields, energy, ...)

* Process robustness & flexibility
* Environmental & social compliance

* Available volumes
— Economies of scale

* Factor costs (labour, energy, capital)

* Process chain organisation / interface
management

Christian Hageluken & Egbert Lox — EPFL Conference, Lausanne, 25.10.2014
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Product & technology development

Market development

Competition
legal / societal frame conditions

Process quality

Legal, societal
& other frame conditions
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umicore
Take away — enhanced approaches for recycling
of technology metals
* Incentives & business models for better collection and comprehensive systems

* Better transparency & monitoring of flows, avoidanc e of illegal/dubious exports

* Standards & certification systems to secure use of best performing industrial
infrastructure (BAT - EHS) and enhance a level playi  ng field

* Introduction of quality criteria in definitions/int erpretations of recycling rates to push
BAT and recycling of technology metals

* Facilitate imports to European BAT recycling plants & recycling of industrial residues

= Better, long-term oriented cooperation of stakehold ers along recycling value chain

= Supportive, reliable & consistent policy framework and its enforcement
= Support of ,front runners*
= Importance of material & product innovation, design and efficient product use

30
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European
Commission

European Commission » Environment > Moving towards a circular economy

Home Abaout us Policies Funding Legal compliance News & outreach

m

Moving towards a circular economy GO e=0kR

The circular economy package

The European Commission adopted the Communication
"Towards a circular economy: 3 zero waste programme for
Europe” and_annex to establish a common and coherent EU
framework to promote the circular economy. Turning Europe
into a more circular econamy means:

¢ boosting recycing and preventing the loss of valuable
materials;

s creating jobs and economic growth;

« showing how new business models, eco-design and
industrial symbiosis can move us towards zero-waste;

¢ reducing greenhouse emissions and environmental
impacts.

As part of the crcular economy package, the Commission
also adopted a legislative proposal to review recveling and
other waste-related targets in the EU and annex. Achieving
the new waste targets would create 180 000 new jobs,
while making Europe more competitive and reducing demand
for costly scarce resources. The proposal aims to:

s Increase recycing/re-use of municipal waste to 70% in 2030;
» Increase packaging waste recycling/re-use to 80% in 2030 with material-specific targets set to gradually increase between 2020 and 2030 (to
reach 90 % for paper by 2025 and 60% for plastics, 80% for wood, 90% of ferrous metal, aluminium and alass by the end of 2030); -

24/10/2014
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Thanks for your attention

Performance
Precious Conflict-Free
INnoVation gpablers

Closed-Loop Batteries Ploneers poq)

Critical Materialssustainable

) Benefit ‘ End-oHfe talvst
energy Circular Economy Fct?e?g;li

Resources Efficiency we o
veudes Quality Recycling

Policy

Research  Collection, ReUSe water
EnVIfonment va|§?em'5try Jobs  Mobility

Process Transparency Future Planet Engagement
Hybrids Clean Services

Awareness Metallurgy
Metals 1echnology

Teamwork )
Cooperation

Procurement

contact: christian.hagelueken@eu.umicore.com ; egbert.lox@umicore.com; christina.meskers@umicore.com

For more background:
UNEP (2013): Metal Recycling: Opportunities, Limits, Infrastrutcure
Hageluken, C.: Recycling of (critical) metals, in: Gunn, G. (ed): Critical Metals Handbook, Wiley & Sons, 2014

&

umicore

WWW.umicore.com



