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Outotec by the numbers

Sales EUR 2,078 million with
EUR 476 million generated by services (2012)

Presence In 25 countries, deliveries to 80
countries

Over 4,500 professionals
Extensive IPR portfolio

Over 5,745 national patents or applications,
630 patent families and 70 trademarks

R&D expenditure EUR 41.6 million (2012)

Listed on NASDAQ OMX Helsinki
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Outotec In Brief

Ranked Globally 12" most sustainable corporation . . .. ...
http://corporateknights.com/report/9th-annual-global-100 et idl,UUHL]OU
|

Knowledge in the processing of >60 elements

>130 Non-ferrous smelters (58 Flash, 56 TSLs, 17 Kaldo) Grinding mills

2013 Flash Milestones LKAB Sweden
Tongling>400,000tpa & Fanchenguang>400,000tpa

ca. 50% Cu , >30% Sn in TSL , close to 40% PGM matte converting
650 sulfuric acid plants
World's largest metallurgical based, Zambia and largest in Ma’aden

Minerals Processing / Hydrometallurgy World's largest
1100 grinding mills pellet plant &g

28MW worlds’ largest saving around 15% energy (7.5 million tpy)
>10000 flotation units (reaching 500m3) Samarco; Brazil :_‘ -
1800 thickeners / >3500 filters >3

Ironmaking and Ferroalloys
20 pelletizing and sintering plants for chromites (ferroalloys),
13 ferroalloy smelters
340 iron ore sintering plants
93 iron ore pelletizing plants

Xiangguang Copper highest
environmental award for
its smelter project from g

Light metals / Roasting / Waste to Energy the Chinese Government.
290 fluidized bed roasting plants / alumina calcining |
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Resource Efficient Metal Production

Economic and multi-physics understanding key to “closing” loop

Pre-processing / Sorting

Resources .
Materials ‘ t i<-Pam e S
M t I & M t . I - :' Residues / Sludges / Plant Footprint
rl | n Water / Energy / Materials .
. Teriae T Pacnireo Eff P ~. Concentration
Consumer Products ‘ Resource Efficiency

Product Centric Metal & Material
Production System

Environment: Maximize Resource Efficiency -
Energy, Recyclates, Materials, Water,
Sludges, Emissions, Land...

seel by L -

= Economic feasibility: BAT & Recycling Footprints:
EolL Scrap : Systems Simulation & Digitalization, Global :  aqditives
Consumer . . Leader o Energy
Production | Social - Licence to Operate: legislation, Offgas
/ntermed,ate- consumer, policy, competitive edge... Water

i Deep Knowledge: multi-physics models used :
: in intelligent control systems, materials
i science, innovative technology, product
: design, market, life cycle management,
. Design for Recycling & Sustainability...

Emissions / Residues / Energy / Plant Availability /
« Unutilized Resources / Cost & Product Driven

Legislation with '

Metallurgy (hydro, pyro, bio), Metals Processing, Energy Recovery
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To achieve Resource Efficiency...

Mineral Processing and Metallurgy — Foundation

The link Minerals to Metal has been optimized through the
years including economic and technological consideration and
a deep physics understanding of various processes.

There is a good understanding between all actors from
Geological rock to metal

Product Centric vis-a-vis Metal Centric Recycling

Designer Minerals (e.g. cars, mobiles etc.) are far more
complex than geological minerals; complicating recovery,
requires rigorous system design taking all elements into
consideration.

To “close” the loop requires a deep understanding and
harmonization between all actors of the system than is the
case presently.

Designer rock to metal
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Geological vis-a-vis Urban Mine “Minerals”

“Mineral Centric” from classical mining equivalent to “Product Centric” in Urban Mining

“ y

Chalcopyrite CuFeS,
and
>20 minors e.g. Au, As, Ag, Se etc.

Material combinations and Material Joined
Designed Consumer “Minerals” connections Materials

Designer Copper “Minerals”
>40 elements complexly linked

6 10/04/2013 2. Freiberger Ressourcentechnologie-Symposium O UtOte(

© Outotec - All rights reserved



Resource Efficient Metal Prdduction

More than 130 Outotec smelters around the world

@ Flash Smelting Technology (58) 4
@ Ausmelt TSL (56)
® Kaldo (17)
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State-of-Art Copper Smelters (>400,000 tpa)

Design for Sustainability, it is happening already through Outotec...

PROCESS FLOW SHEET OF COPPER PRODUCTION

MATTE
GRINDING AND

CONCENTRATE,
DUST AND SLAG
FEEDING

ELECTRIC
FURNACE

SLAG

SULPHURIC ACID

MATTE, DUST AND
LIME FEEDING

FLASH
CONVERTIN

ANODE
CASTING

h
y

' COPPER ~

REFINERY ” \ G
Precious Metals
Kaldo J
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State-of-Art Copper Smelters

Sulphuric
Secondary A Fuming Pfant A A Sulphur
Raw i Dioxide
Materials\ Dryer a2k ) \\ Sulphur Products Plant Gold
: ¢ (e}

~ Electric Smelting
Furnace

Fluidized
Bed Roaster /

Zinc Clinker Precious Metals Silver

f Iron Sand Plant — Salenilm
o L. Pt/Pd-
\ onverter Aisie Sludge

— ﬁ—b% ,. Copper
‘ @ é Copper

Anode Casting Plant Sulphate
Electrolytic Refinery Crude

Nickel
Sulphate

E-Kaldo Plant
Electronic Scrap <
—) (Gas Flow
sl COpper Flow
Dryer —p | ead Flow

Conc.

Kaldo Plant Lead Refinery EBOLIDEN
W
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The physics andd—_esign of separation...

Understand the economics, physics...

Shredding Physical Separation Elements in WEEE recyclates Furnace smelting technology

. A
Dismantling
0
Legend oﬂg‘a ~> -
D Mainly to copper \o
I} D Mainly to gas phase/flue dust
I_mperf_ect il D Mainly to slag
liberation i an rep: etal, slag and flue dust as a
nctio eration i etc.)

e m | Sm | Eu | Ga | Th Ho 5 99
Design determines connections rious Grades/Qualities of Recyclates — - ,‘b-
0,
0,
8
Material Centric 100 =
Bulk recyclates well liberated with o - neaiaraihallo=SE officiencie o
relatively little impurities — easier to = el 6 e andiclosinatinelloon
recycle v Che A

Outotec
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Connection types Before shreddmg

After shredding

After shredding

Liberation behaviour

Bolting/riveting

Dismantling

Car@d
ﬂuﬁuu

S == -

High liberation
*  High randomness

000

Gluing

» o emmmmsgmenreramey
N A sh e,
L I T B €

=il
o2t
% I
B | ,000
“r 23!
O = o]
: @. )
i oo |
SR

* Medium liberation
. Medium randomness

Coating/ Painting

O Low liberation
¢ Low randomness of
liberation

Design determines coni

1 N
4y’ = m' (1) — x' () ¢ Medium liberation
dr O *  Mediumrandomness
where
) t+At w»y mp2 .
m'(t) = / / / C(t)mp' b (w, mp', 11)g(t1, w) d(mp’) dw dsy
=t wq mp
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p=i Ji=4 mp] structure
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Controlling the Furnace

Controlling the slag... _;

Precious metal
cuppelation

) UM
o —————

Precious metal
smelting

( Oxidizing{>

% Ligiuid Slag

Le)
®)
N

| Cu )
"(Black & e-waste)

Sn
(Smelting)

)

1075
1050

Temperature (°C)

Zn
(EAF,
Residues and
Oxidic Ores)

1025
1000
[iN
~
]
S
>
N
o
w

FACT Sage 6.2/Reuter

Sn
(Slag)

| Reducin

800°C 1000°C 1200°C 1400°C 1600°C 1800°C
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Resource Efficient Metal Production

Outotec TSL References around the World

Outotec Ausmelt
TSL Plants

HOML
{Hulumbei erf
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| |ehetib{sb

S GaratT5M

Intertrust (LT
i L Wikln Coppei Huludae Copper Group:
‘\ “ ‘ {Urikmmil v [Huludaa)
o Aifena Saplan, . S0 Jitin Nicket Group
¥ Bl e 1 - Panshi|

* Jinghiran Nenfsrrous
Carp, Ulng hang il

o funnzn Tin Gorparation, o
Zine L o Ieajiutiyl i
- = il

Birla Capper
|Dahejh

¥ china Tin
ILaibin)
Zhong Tiao Shan
[Houma Eityl
Anglo American  Anhuf Tongdu Copper:
[Bindural | Tengling City]

[ ] Empresa Metalurgica ¥inta
{Brara} Namibia Custam B .
L Smelters [Tsumeh| Daye Non-ferrous- BHAS
@t Rle Tints Zimbatwe |Bayel [Part Pirie]
o PGMs [Eiffel Flats]
Greenbushes Tin—-4 Parttand Aluminium/Alcoa
-Angle Patinum L (Fortana) » 3
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Whyallal I

© Waste Trestment
‘Sulphide Corporation

[Eackle Creek|

O Notin Operstian
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The physics and technology of separation...

Understand the physics in the context of technology and economics

TSL Furnace

Furnace

Intense Agitiation

The intense mixing promotes
rapid reaction kinetics and
high specific smelting rates
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Understanding the deportatidn of elements

Element distributions
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Secondary Smelting Processes

Boliden — Ronnskar Smelter
Kaldo (Sweden)

E-Waste and Copper Recycling Dowa
TSL (Japan) Lead Battery Recycling

Recylex TSL (Germany)

ianggun Yanggu i‘neter

Copper Recycling GRM Danyang Kaldo (China)
Smelter TSL (S. Korea)
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Outotec Ausmelt TSL

DOWA Mining

Process: E-Waste Recycling and Residue Processing
Capacity: 140,000 tpa feed

Commissioned: 2008
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Outotec® Ausmelt Converting

Anglo Platinum

Concentrates
Process: Continuous nickel-copper matte converting l
Capacity: 210ktpa feed throughput Electric

Smelting Furnace

Commissioned: 2002

|

Granulated Matte

)

High-grade Outotec® Ausmelt

Ni-Cu Matte Converting Furnace

N

I
Molten Slag

|

Electric Slag

Cleaning Furnace

N
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Ausmelt in Zinc

Reference Plant List

Korea Zinc (2x) S. Korea Zn Residue 120,000
Korea Zinc (2x) S. Korea 2009 Zn Residue 120,000
Young Poong (2x) S. Korea 2009 Pb Tailings 100,000
Korea Zinc (2x) S. Korea 2007 Zn Residue 120,000
Young Poong (2x) S. Korea 2006 Zn Residue 100,000
Korea Zinc (2x) S. Korea 2002 Pb Tailings 100,000
Korea Zinc (2x) S. Korea 1995 Zn Residue 120,000
Mitsui (2x) Japan 1993 ISF Slag 80,000

Korea Zinc (2x) S. Korea 1992 QSL Slag 100,000
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Zn Residue—Processing

Korea Zinc applications of Outotec TSL Technology

Residue

Fume Leaching
Plant

Zn Solution

Feeds
Pb Concentrates
Pb Secondaries

ZniPb (In/Ge..)

Fume

Ag
Concentrate

M= Pb Residue =

Zn Plant
i Slag
Goethite
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P

Residues
Ag Concentrate

High Pb

QSL

(Outotec Lead

Reactor)

Slag

Pb
Outotec
TSL Plant

Fume

BULLION

Cu Removal

Cu Dross

BULLION

N

Outotec TSL
QSL Fumers

Outotec TSL

Outotec TSL
Zn Fumers Residue Fumers

y

( Discard Slag and Steam )
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Cu
Outotec Pb Refinery Pb Slime
TSL Plant) BULLION I

(Precious Metal)
Leached Reﬁnery
Residue

() Cmem)
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Ausmelt in Zinc (TSL)

Flowsheet of the “TSL Plant” at Sukpo Zinc Refinery (Young Poon

South Korea)

Raw Materials

v

( ) Conveyors ( )

Smelting
Furnace

4— Fuel Coal with Carrier Air Stack
<4— Oxygen
<4— Combustion Air
<4— After Buming Air

W.H.B. » DEP. || 20 Mist
Scrubber Remove

Reductant

Slag

Cleaning

W.G. Fan

Fume Oxide (1)

I 4— Fuel Coal with Carrier Air

<4— Combustion Air

<4— After Buming Air
To Heat recovery

DE.P ﬂ@—J

W.G. Fan

L— ) Fume Oxide

Furnace Discarded Slag
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Ausmelt in Zinc (TSL)

Rate Zn Ph Cu Sh
ltem oy
(keg/M) masst kg mass% kg mass% kg mass% kyp
Input .

= Pt Rate Zn Pb Cu Sh
Zine o . [tem _ ,
ociikis 16,080 1595 2565 372 (Kg/M) masst ke mass% kg mass% kg masse ke

. <[nput=

Fuel 4 939
coal SFS 13,837 705 989 079 109 092 127 024 36
Lump 1,200 Fuel coal Qi)
coal
. Lump coal 200
Silica 5 000
sand ] Total 14,937 GRY 109 127 36
Total 24210 2,565 <Clutput=

<Quiput: Fume oxide 807 67.10 541 800 65 020 2 020 2
: U snel 5 2 ( L
E:.T 3182 4950 1575 1536 |GV SPeIsS L b ol el T
s ‘CFS 12,800 350 448 034 44 050 64 012 15
SFS 13,837 7.5 989 079 _

Total 0RO 109 |28 16

Total 2,564

"CFS: Cleaning fumace slag.
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Ausmelt in Zinc

— Caleulnbed by amae (12)
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Lead Concentrates

Silica and limestone fluxes Air, Fuel & Oxygen
A Coal
Smelting Stage
Slag heel Log(pQ.)=-6.510 -7.5
Lead
Bullion
Concentrates L
Fume [ Slag Reduction
(Fl-rich) Stage
Log(p0:)=8 to -8.5 (PhS)
(o -10 with Coal
1150-1250°C
Reductant Coal
Zinc Oxide Slag Fuming
Fume Product Stage Discard
Log(pQa)=-10to-11
1250-1350°C Slag




Products and Recoveries

Products
Zn in solution
SO, stream (if S in feeds)
Slag and Talil gas to EPA standards

Recoveries (typical values — indicative only)

Zn > 85%
Pb > 90%
Ag > 90%
In > 90%
Ge > 90%
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Steel (BOF&EAF) Refine
Metallurgy
1] Remelt
TRIP Steel Hydro Metallur]
Austenitic Remelt

i/Cr An

Stainless
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The Main Thermodynamic and Economic Destination of
Metals, their Alloys and Compounds from EoL Products for the Best
Available Technique (BAT) Processing Routes (Segments in Figure)

Steel metallurgy
EolL RE

Zn Hytiro-

RLE/Fume metallurgy
- Product =~

Special Ba
Recyclin

Sn

Smelt/Refine

2. Freiberger Ressourcentechnologie-Symposium

Society’s Essential Carrier Metals: Primary Product
Extractive Metallurgy’s Backbone (primary and recycling metallurgy)

The metallurgy infrastructure makes a “closed” loop society and recycling possible.

Dissolves mainly in Carrier Metal if Metallic (Mainly to Pyrometallurgy)
Valuable elements from these or lost (metallic, speiss, compounds or alloy in EoL also
determines destination as also the metallurgical conditionsin reactor).

Compounds Mainly to Dust, Slime, Speiss, Slag (Mainly to Hydrometallur;
Collector of valuable minor elements as oxides/sulphates etc. and mainly recovered in appropriate
metallurgical infrastructure if economic (EoL material and reactor conditions also affect this).

Mainly to Benign Low Value Products
Low value but inevitable part of society and materials processing. A sink for metals and loss from

system as oxides and other compounds. Comply with strict environmental legislation.

Mainly Recovered Element
\ ) Compatible with Carrier Metal as alloying Element or that can be recovered in subsequent
Processing.

Mainly Element in Alloy or Compound in Oxidic Product, probably Lost
| With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
/" as oxidic in EoL product then to slag / slag also intermediate product for cement etc.).

@ Mainly Element Lost, not always compatible with Carrier Metal or Product

Detrimental to properties and cannot be economically recovered from e.g. slag unless
e.g. iron is a collector and goes to further processing.

Outotec



Design for Resource Efficiency

PROCESS FLOW SHEET OF COPPER PRODUCTION

MATTE
GRINDING AND
DRYING

CONCENTRATE,
DUST AND SLAG
FEEDING

ELECTRIC
FURNACE

SULPHURIC ACID

MATTE, DUST AND
LIME FEEDING

FLASH
CONVERTIN
,‘ b

CASTING

TO WIRE ROD
PLANT
GRANULATION

REFINERY

Precious Metals
Kaldo
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OT’s HSC Sim 7.1x PE-International’s GaBi

(>19,000 licences www.outotec.com) (www.PE-International.com)

[ Example 1_ Outotec BAT Copper Production (LC1 Produced by HSC Sim - with ining Block) |
Object Edit_View Tools Help

= T TRV s X
MName Example 1_Outotec BAT Copper Producton (LCT Produced by HSC Sim - with Mining Biock)
"l LA - 2001 (o) [ icia-TrACE [ L Recpe [ 2 oance [l +]

Eo Pansie ousecaar o

> |

i =
9.}l 6P 00 veas-Seanpi 1:) | SSWP 100 years - Example 1: Outotec BAT Gopper Production (LCI Produced by HSC Sim - with Mining Block) %)

@il - | = 31
4 \Jj] Eutrophcaton Potental g Phosohat, = .

9.l 2 -Barpe 1:Ouotectard | 2 =
4 mneloye Depletonpotental foF | © i

¥ 00P, stesdystoe -Evanple S o8 22 018 o6
4 il Abiotc Degleton eements [kg So-€ax| —

Ol 100 cemens-Brarge 0| £ SranEer ey r'

HE0OY/009 08K ENTe N

g ;"Mif“‘:;:;:ﬁ%:}:{‘ \'mmrww::*;mmw 1: Dutotec BAT Coppet Praduction (LTI Produced by HSC Sim - with Mining Block) ‘?ﬂ[
4 il M Aquatc Ecotoncty Pot foDf | ¢ B
ket - i saises
1 E ]
] et ot v EP - Example 1: Outatec BAT Copper Production (LC| Produced by HSC Sim - with Mining Block) xJ
: e's.;a"sw; iiu “m::.ﬁ e j::l:w j 007de 034764 041564 G j 006404
BAT, Flow Sheets & Recycling System Maximizin Environmental Indicators based on BAT
Resource Efficiency — Benchmarks Driving Benchmarks of Industry
$US / t Product (CAPEX & OPEX) Global Warming Potential (GWP)
Recyclability Index (based on system simulation of whole cycle) Acidification Potential (AP)
GJ & MWh / t Product (source specific) and Exergy Eutrification Potential (EP)
kg CO;, / t Product Human Toxicity Potential (HTP)
kg SO« / t Product Ozone Layer Depletion Potential (ODP)
g NO, /tProduct Photochemical Ozone Creation Potential (POCP)
m?3 Water / t Product (including ions in solution) Aquatic Ecotoxicity Potential (AETP)
kg Residue / t Product (including composition) Abiotic Depletion (ADP)
kg Fugitive Emissions / t Product Etc...
kg Particulate Emissions / t Product
Etc.
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Design for Resource Efficiency

Select: @ Varsble i Element bt T
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Urban Mining, Ecodesign, OEMSs
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Designer rock to metal...

Mineral Processing and Metallurgy — Foundation

The link Minerals to Metal has been optimized through the
years including economic and technological consideration and
a deep physics understanding of various processes.

There is a good understanding between all actors from
Geological rock to metal

Product Centric vis-a-vis Metal Centric Recycling

Designer Minerals (e.g. cars, mobiles etc.) are far more
complex than geological mlnerals complicating recovery,
requires rigorous system design taklng all elements /
compounds / materials into consideration.

To “close” the loop requires a deep understanding and
harmonization between all actors of the system than is the
case presently.

Design for Recycling and Resource Efficiency requires a deep
physics, technology, economics & Product Centric thinking
Designer “rock” to metal
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Sustainable use of Earth’s natural resources s

WWW.outotec.com
www.outotec.com/sustainability
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