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Umicore today - a materials technology group

application

know-how

“Less is more”

Metal related materials can be
efficiently and infinitely recycled,
which makes them the basis for
sustainable products and

chemistry
material science

material

solutions
metallurgy

services
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Cobalt & Specialty

Global market leadership in four divisions et

i Advanced Materials

Precious Metals
Products & Catalysts

o

J Zinc Specialties
i .

Sustainable materials for rechargeable batteries — Umicore approach

#1 World
Top 2 World
Top 3 World
#1 World
#1 World
#4 World
#1 World

Cobalt & Germanium materials
Rechargeable battery materials

Automotive catalysts
Brazing alloys & contact materials

Precious metals recycling
PGM refiner

Zinc specialty products
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Umicore today: global footprint
Umicore
1999 2009
Revenues €865m €1,723.2m
Number of sites 32 85
Workforce 8,065 13,720

Sustainable materials for rechargeable batteries — Umicore approach 5



Key aspects of Umicore’s sustainability
approach
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Key aspects of Umicore’s sustainability
approach

e The Umicore Way describes the vision of the Group and the values we
seek to promote

e Code of Conduct for ethical business practice

e Corporate Governance Charter sets out management philosophy and
governance principles

Sustainable materials for rechargeable batteries — Umicore approach 7



Focus on clean technologies

Commitmentto R&D is paramount in
Umicore’s business
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Research & development expenditure:
driving organic growth

(in million €)
e Research & development 200
. 7.0% 9%
expenditure - S
e up 32% yearly over last 6 years 150 5.7% 5.8%
: 54% -8
* up 6% yearly since PMG A5% /!'\!./
acquisition 125 /!r e
114.8
100 — / 036 111.7
e Stable level at some 6-7 % of - |
revenues !lé/
50
47.8
SN 30.5
0

2002 2003 2004 2005 2006 2007 2008 2009

m ReD —m—R&D/ revenues
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80% of R&D expenditure in clean tech domain

innovative technologies specifically designed to optimise
the use of natural resources and to reduce environmental impact

Sustainable materials for rechargeable batteries — Umicore approach 10



W here can Umicore play a role in Cleantech?
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-

4 )

Energy
Solutions

Materials for energy storage and

sustainable energy production

\\ /

Less is More

4 )

Recycling

Solutions

Addressing resource scarcity and
emissions by closing the materials

loop

Creating value by reducing the use of rare and valuable materials

N

-

\_ /

\_

~

Environmental
Solutions

Technologies
to mitigate
environmental impacts

/

Sustainable materials for rechargeable batteries — Umicore approach
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Energy solutions: Rechargeable batteries
Storing energy

lithium-ion rechargeable batteries

e Portable electronics applications (mobile phone rive growth

3,000

2,000 Z

1,500 | | e Separator
= B Anod

1,000 —-— noae

Separator
Cathode

2003 2004 2005 2006 2007 2008 2009

u Cellular 1 NBPC B Camera/Movie
= Music Gaming = Power Tools
uLEV u PHS u Others
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Energy solutions: Rechargeable batteries
Expanding to other applications

e (Hybrid) Electric Vehicles

e Power tools

Sustainable materials for rechargeable batteries — Umicore approach 13
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Recycling solutions
Recovering scarce and valuable metals

e An important part of Umicore’s raw materials supply for its refining operations
comes from secondary materials (end-of life materials and industrial by-products)

e Umicore operates the world’s largest precious metals recycling operation in
Hoboken (Belgium)

e Hoboken processes some 350,000 tonnes every year from more than 200
different materials

Spent industrial ~ Electronic scrap ~ Spent automotive Precious metal Non-ferrous
catalysts catalysts bearing raw byproducts
materials

e “Above ground mining” means less energy and less waste — more value

Sustainable materials for rechargeable batteries — Umicore approach 14
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Recycling solutions
Recovering scarce metals from e-scrap

AC’\\QQ

60

. . Recycled p
e Obsolete mobile phones contain valuable

precious metals such as gold (Au), silver
(Ag) or palladium (Pd) which Umicore is \
able to capture Q \0@‘

Y

e Currently, only 1-2% of all mobils
are recycled worldwide, offg Q\O

potential 6\(\
@S\ e e N

» We also rec €|~ dlteries e Batte; {
g
!
N &_~<.
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e Because we have to:
e Legal background: European directives (ELV, BD)
e Sustainability needs a sound legal framework and control
e Avoid illegal export of spent batteries for so-called 2nd hand use

e Because we care: environmental and social sustainability
e Scarcity of materials
e Footprint (energy and CO,-impact)

e Because we like it: financial sustainability

e Scarcity = price
e Price volatility

Sustainable materials for rechargeable batteries — Umicore approach 17
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Scarcity of materials

Example from electronics:

contain up to 60 elements in a complex mix of valuables (\Q@
O

\
K\O(\ 18

l_zﬂ 1 4-.0:12-6
: . . Q° He
. Material content of electronis | / %9\ ot A 17 Ml e
o\ N |O| F |Ne
B \ophile phone substance (sg S X R
Al Si P b Cl | Ar
NATRLM |MeacHESUM| 3 4 v £ Y [ T 7 T # o p e O0 LML CHLOR ARCON
(1o [ 20 <o o7a |21 22086 |22 23 500z |24 = 26 ®\> 3 32 r2e4|33 3 ol =
' o > i . (\g Zn |fGa | Ge | As | Se E‘ Kr
AN B o o B <o I B 2 =7 |55 o [54 1o
Cﬁ AgNCd |\In | Sn | Sb | Te Xe
e TH| — '.'SILEE 21’2:.:9 Jl:llkmq:ﬂ - &Tnmﬂ < )| 8BS IO‘;MI R-:E‘-CC:ZI
Pt | Au yHg | T1 | Pb i| Po)| At | Rn
11:&1;’;“ [ - GlLlﬂzﬂl?;.:: THAL LI 11-1H<EMI T POl AETAT AN
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Recycling approach: time for Ub"."ﬁ?f,?y
fundamental changes

* Vision opportunity
new business modelsto increase collection
e Attitude resource management
comprehensive collection plus stop of dubi o
* Objective focus onquality and

specific substances
system approachand prioritisation

* Practice high-tech recycling
recyclingis aclean future technology so adapt structures accordingly

Especially for future technologies (EV/HEV, PV, FC, ...)
recycling strategies need to be developed at an early stage!

Sustainable materials for rechargeable batteries — Umicore approach 19
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Umicore's integrated metal smelter

e i - Ly S il R TR S C P SO 14001 9001, OHSAS 18001
e Focus precious metal containing recyclable, Input > 300 000 t/a,

Recovery of 17 metals: Au, Ag, Pt, Pd, Rh, Ru, Ir, Cu, Pb, Ni, Sn, Bi, Se, Te, Sb, As, In, Ga.

Recycled metal value 2007: 3 Mrd US-$

New investments since 1997: 400 Mio €;

Complex processes, high metal recoveries > 95 % for precious metals, minimal waste amount
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Growth investments
Recycling solutions

Battery recycling
* Pilot line in Hoboken, Belgium

e Initial investment of €25m approved

Foshan

Spistainable materials for rechargeable batteries — Umicore approach 21



END OF LIFE
Li-ion / NiMH
bdoso,, batteries

Smelter

St;ck

Gas cleaning: 2 bag filters

‘Granulation

b

Construction materials

Alloy

Co, Ni refining

|l |}

Ni(OH), LiMeO,
I T I
Flowsheet NEW
Umicore Battery Recycling Li-ion / NiMH

batteries



How recycling contributes to more
sustainability

Examples




Example 1

Metals recycling creates a huge CO, benefit

t CO,/ t
primary
metal

10 000
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CO,-emissions of Primary Production:

demand data for CO2
Important for EEE primary emis -
EEE metals t/a production [t sions
(2006) CO2/t metal] Mt]
Copper 4500 000 3.4 15.30
Cobalt 11000 7.6 0.08
Tin 90 000 16.1 1.45
Indium 380 142 0.05
Silver 6 000 144 0.86
Gold 300 16 991 5.10
Palladium 32 9380 0.30
Platinum 13 13 954 0.18
Ruthenium 6 13 954 0.08
CO, total [t] 23.41

source: ecoinvent 2.0, EMPA/ETH-Zurich, 2007
0 additional impacts from SO,, land use, waste-water etc.

Sustainable materials for rechargeable batteries — Umicore approach
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Umicore Precious Metals Refining, Hoboken/Belgium (UPMR):
» recovered metals 2007*: 70,000t

» total CO, impact of UPMR in 2007*: 0.27 Mt ]

» total CO, impact primary production**: 1.3 Mt ]
CO, saving potential recycling*: 1.0 Mt _

*from treatment of 300,000 t of recyclables & smelter by-products.
Output: 1000t Ag, 30 t Au, 37 t PGM, 65 000 t Cu/Pb/Ni, 3500 t Sn/Se/Te/In/Sb/Bi/As

**if these metals would have come from primary production, calculated with ecoinvent 2.0:

/| Oko-Institut e V.

_ Institut fir angewandte Okologie
7 Insl mm for Applied Ecology

|IML“ AL n“ln L I‘HL.l |4 LALLM K I I hi M»lln [ nm.ﬂuﬂ’

' || the unavoidable “black box approach” of the UPMR calculation mixes the CO, impacts of very low grade materials (e.g. slags,
|| flue dusts) with richer ones from recycling of consumer goods (e.g. circuit boards, catalysts)
for recycling of electronics the CO, benefit compared to mining is even higher!

RN RO D RTINS TN Y OO AP | RO VR (R KRR A LR LR VRO Y R L
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umicore

LCA on mixed oxide Li-ion battery materials Cobalt & Specialty

Materials

Ghent University (Prof. Jo Dewulf)

Goal & scope:

What resources can be saved through recycling Li-ion batteries?
e Scenario A: cathode production from recycled Co, Ni (Mn into slag)
e Scenario B: cathode production from primary (ores) Co, Ni

/Functional unit:
production of 1 kg of
active cathode
material (MNC-type)

o )

Impact cateqory:
natural resource consumption

Calculation method

In order to aggregate use of energy and materials in one figure, a unique
guantifier is used: exergy; it is expressed in Joule

Sustainable materials for rechargeable batteries — Umicore approach 26
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34 kg CO2-eq/kg

795 MJ/kg _
800 Saving of 51 % natural

resources mainly due to:

700

 eliminating high
Otransport demandlng Nl/COSO4 frOm
mcathode primary resources

production

17 kg CO2-eq/kg

500

@ precursor

production * moderate demand of

MJouletkqg cathode material

387 MJ/k . . :
200 X meosod recycling in comparison
mNiso4 with high demand of
300 - @M nS04 cathode production
stages

200 -

* Mn is not considered as
recycled (in slag, used as
concrete additive)

100 -

NiandCo Niand Co from

recycled ores
Sustainable materials for rechargeable batteries — Umicore approach 27



Edit

Yieww  Document  Tools  Window  Help

»

3 &) | G

PYLIT

' You are viewing this document in POF) A mode,

Resources, Conservation and Recycling

journmal homepage: www.elsevier.com/locate/resconrec

Contents lists available at ScienceDirect

Recycling rechargeable lithium ion batteries: Critical analysis of natural

resource savings
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ABSTRACT

Rechargeable Li-ion battery applications in consumer products are fastly growing, resulting in increas-
ing resources demand: it is for example estimated that battery applications account for nearly 25% of
the worldwide cobalt demand in 2007. It is obvious that recycling of batteries may help saving natural
resources. However, it is not straightforward to guantify to what extent rechargeable battery recycling
saves natural resources, given their complex compaosition, and the complex international production
chain. In this paper, a detailed analysis of a lithium mixed metal oxide battery recycling scenario, where
cobalt and nickel are recovered and re-introduced into the battery production chain, is compared with
a virgin production scenario. Based on detailed data acquisition from processes spread worldwide, a
resource saving analysis is made. The savings are quantified in terms of exergy and cumulative exergy
extracted from the natural environment. It turns out that the recycling scenario result ina 51.3% natural
resource savings, not only because of decreased mineral ore dependency but also because of reduced
fossil resource (45.3% reduction) and nuclear energy demand (57.2%).

© 2009 Elsevier B.V. All rights reserved.
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Example 3: @

Li-ion battery cell from recycled Co vs. primary Co Ymicore

Materials

Simplified LCA by SAFT — ==

Goal & scope .

to compare impact of recycling on CO, production
and energy consumption for the production of a
Saft MP 176065 Integration® cell

Functional unit:
e Production of LiCoO2 material : production of 1

e Option 1 : from Ni, Co ores extracted from mines of these cells
e Option 2 : from Ni, Co recycled from Li-ion batteries

Data collection:

e Option 1: Based on published data: www.informine.com;
Wwww.oee.nrcan.qgc.ca and www.nickelinstitute.org

e Option 2: based on Umicore information
Sustainable materials for rechargeable batteries — Umicore approach 29
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Recycling creates a huge CO2 benefit

umicore
Cobalt & Specialty
Materials
Simplified LCA of Saft Li-ion MP 176065 cell : Simplified LCA of Saft Li-ion MP 1760865 cell :
Energy consumption C02 emission
10 ! 600 !
= 500
8 8
o =
% E 400
o
Z s 5
c 2
*-E_ 5 300
E 0
: - :
o ®. 200
2 o]
S o
2
E 100
0 0
Option 1 for LiCoO2 : Option 2 for LiCoO2 : Option 1 for LiCoO2 : Option 2 for LiCoO2 ;
Raw material extraction EOL Li-ion Raw material extraction EOL Li-ion
from the mines batteries smelting from the mines batteries smelting

Sustainable materials for rechargeable batteries — Umicore approach 30
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The Umicore recycling process for batteries Cobalt & Specalty

Materials

LCA of Prius Nickel Metal Hydride Batteries

Objectives (a.o.):
e To investigate the impact of nickel in rechargeable batteries,

e To identify the key environmental parameters influenced by the production, the use
and the end of life;

Conclusions for the recycling

eHuge reduction of the acidification and eutrophication potential

eResource conservation regarding Nickel, Cobalt, Copper, Iron ores P&

eReduction of GWP and demand on non-renewable energy carriers |

Functional unit:
eReview: EMPA, Switzerland production of 1 Prius pack +
150000 km use phase

Sustainable materials for rechargeable batteries — Umicore approach 31



LCA on Prius NIMH battery umicore@
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Acidification potential

Impact of battery materials +
additional materials

Impact of battery N
materials only - N
- 0,
Amount of SO,- ' A ™~ 100%
equivalent 1 100 % Impact of non- 66%
produced for 1 battery 0
functional unit 1 materials, but
. necessary for a
57%

hybrid car
(mostly copper,
steel, plastics)

40 A 14% /_)\_\

2’0 _ .
o [ ]

30%

- - - 0, -
battery - no |battery - 50 % batt.ery additional Total - no | Total - 50 % | Total - max.
. . maximum battery battery battery
collection collection ) components . ; .
collection collection collection collection
E kg SO2-eq 11,4 6 1 3,2 14,6 9,5 4,4

Sustainable materials for rechargeable batteries — Umicore approach 32
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Social Aspects

Use recycling chains with transparent material & value flows, traced all the way to
final metal recovery, fair pricing, reliable partners and use of state of the art
technology for final metal recovery => a guarantee of an ethical supply chain

Keep metals in the loop!

Recycled metals can be returned to electronics and battery manufacturers.

No risks of dubious sources, no blames because of unsafe or environmentally
hazardous recycling.

Sustainable materials for rechargeable batteries — Umicore approach 33
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Example 5:

L - UIicor:
e-scrap recycling in India s
e India:

- An informal sector has developed having experience in
collection and skills in sorting and dismantling

- Back-yard ‘refining’: low yield recovery (Au<20%
recovery), high human and environmental impact from
processes

e Umicore
- High tech end-refiner
- Delay in payment

= Direct partnership between Umicore and
‘informal’ sector’ to combine strengths and solve
weaknesses

Sustainable materials for rechargeable batteries — Umicore approach 34
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Pilot project: CRYSTAL

« Umicore provides a start up financing for the cooperative

Financing will automatically be reimbursed when cooperative runs
self-sustaining

Financing prevents the cooperative of a negative cash position -
competitive position on Indian market

Cooperative= several stakeholders + integration of informal sector
Profit to be divided fairly among all stakeholders — Fair trade

Sustainable partnership:
Eco-efficient + social dimension

Sustainable materials for rechargeable batteries — Umicore approach 35
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Conclusions

e Keep metals in the loop
e Recycling contributes to a secure supply of raw materials

e Recycling reduces energy consumption, reduces CO2 impact and
reduces natural resources consumption

Umicore’s contribution to a sustainable
supply chain for Li-ion batteries in
automotive industry

Sustainable materials for rechargeable batteries — Umicore approach 37
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