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NAKOKULMIA

- Materiaalien kayttotavat ja tarpeet — kysyntanakymia
» Raaka-aineet — tarjontanakymia

 Nakokulmia raaka-aineiden saatavuuden turvaamiseen



pean

PIo9
Jaddo)y
wniwpe)
uiz
wnjualas
940 U0l
PPIN
wnunyat
wnuwny
49A]IS
WINuo 117
wnjwoiL)
ulL
asauebuep
wnue paAlow
wnujey
el uodI)IS
JuISIY
wnijen
wniuey
Jedsion)
wnjejue |
uaisbun |
wniyy
wnjpeuep
wnipy|
Auowiuy
yinwisig
9yydelb jeanieN
wniAleg
SW9d
¥eqod
winiuolls
Wwnipueas
sajelog
snioydsoud
LNjUBWLI9n

H . winiqoIN
.

wnisaubep

3
1
i BN EN EB

12/2/2022
[]
[
[

KYSYNTANAKOKULMIA

I

SITYH
. muuw:
m

O n s MmN ~QO
e
¥su Alddng

&

SUPPLY RISK OF RAW MATERIALS FOR KEY TECHNOLOGIES
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Fuel cells ﬂ . . .
Moturs'a . .

Batteries H

Source: European Commission, Critical materials for strategic technologies and sectors in the EU - a foresight study, 2020
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Here are the metals that & @\s@

make up clean energy @ /] Q & 5

technology. >
.

Source: World Bank Group,
The Growing Role of Minerals
and Metals for a Low Carbon Future

The clean energy
transition will be mineral
intensive, requiring a

variety of specific metals.
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Global refined copper consumption per capita
6

Metric tons per thousand people
3% w

1
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Source: International Copper Study Group (ICSG), S&P Global © 2022 S&P Global

https://elements.visualcapitalist.com/all-the-metals-for-renewable-tech/
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KYSYNTANAKYMIA

— F()rbes Subscribe Sign In
Electricity generation (TWh) Rzg 29%
90000 i
Global electricity demand
IEA, World Energy Outlook 2021 Figure 4.20 75000
80 .................................................................. 2030
50900 RE: 65%
VRE: 42%
aso000 —2018 :
RE: 25% ; 2
30000 VRE: 7% = ,. #

Co NI Cu Mn

- - = = e
15000 . Cobalt Nickel Copper Manganese
- - Metals found at high concentrations in seabed [-]

manganese nodules. Many other metals are found in
lesser amounts.
DEEPGREEN

2018 2030 2050
Where we need to be (1.5-S) . . .
We need 3 billion fully electric vehicles

worldwide and 10 trillion kWh/yr more by 2040

@ Coal Hydro @ Biomass Solar PV @ Wind offshore @ Geothermal L .
2010 2020 2030 2040 2050 @ oi (excl. pumped) - ;:':a)ss csp ® Windonshore @ Tidal/Wave to have any chance of achieving our climate
e STEPS - APS s NZE e :S‘C‘I‘:'r‘;as g:gs:)  Hydoom goals. Recycling and conservation of metals
(Net Zero) '

won’t make a dent in this.

https://www.irena.org/Digital-Report/World-Energy- ) . .
Simon Michaux ~36 000 TWh Transitions-Outlook-2022#page-2 Simon Michaux ~1,4 billion

(no growth of fleet from this)
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KYSYNTANAKYMIA

% metal required in 2050 for clean energy technologies vs.
2020 overall use (Global SDS ambitious climate scenario).**

Lithium Silicon DEMAND WILL INCREASE SIGNIFICANTLY FOR SOME MINERALS TO ACHIEVE 2DS
DYSPmEium Terbium Under a 2DS, the largest increase in mineral demand, based on current production levels, will come
primarily from battery minerals (graphite, lithium, cobalt), reaching nearly 500 percent
Cobalt Copper
Graphite I 494
Tellurium Aluminium Liehum | 455
Cobalt [ 460%
Scandium Tin VS. indiur | 231
Vanadium [ 169
Nickel Germanium Nicke! [N =94
Siver [N 55% .
Praseodymium Molybdenum Neodymiums [ 37% Demand for Minerals by 2050
Leod I 481 from Energy Technologies
Gallium 77% Lead e ALY | 2L
Aluminum ] 9% If we want to keep global warming below 2°C. Projected mineral demand as
= compared te 2018 production levels.
Neodymium Indium oL
Cﬁpp‘&r I Lic Source’ Wivid Barsk's The Minaval Inleassty of Claan Enevy Travsivon 2020
Platinum Zinc 14%
Iridium Silver 10%

Eurometaux 2022
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Global production of critical raw materials (CRM)
according to EU definition
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North Korea

Critical aw materials
included in the EU list *
- Antienony E Uthium
- Bawxite m Magnesum
- Baryte @ Nioblum

m Beryllium BLI3] Heavy Rare Earth Elements |
] DR Congy
B s Ught Rare Earth Elements e
. Beard
B | Bocate [T platioum Group Metals
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Geol | producsen of variows crimeal il pertan oge moke up 100 they ds aot produse o the crtscal U of irom sre, precious metals and base
f i( ; l | OW g meton, CabAened a2 percentige  porcer 380 baned On meght), For uabstanies —~tas

é To read the map: warld grodicnon far 8 cortan wberarce  The map shows that Chira completel, e, Sweden it rot d.
Natural rubber not included Each chrcte shows eoch chustry ot fthe botal wrews of the pie chorts for . dovminates th total production even | otherwhia & frfer producer wihin the

Survey y wet wasmale, Beasl accoures for 92 percest  Nate that this mag asgies 10 crinice
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TARJONTANAKYMIA

@ Toimiva kaivos
Suljettu kaivos, potentiaalia jalostaa
A LIRS s HANNUKAINEN BOLIDEN
@ Co ja Ni tuotetuista sivuvirroista MINING Kevitsa
&  Kaivosprojekti Hannulkainen QECERGE
Fe-Cu-Au-Co @
&  Pitkdlle edennyt etsintaprojekti é( 6<
T Akkutehdas (toiminnassa) ANGLO AMERICAN
PT)  Akkutehdas (suunnitteilla) Cu-Ni-PGE-Co
€9  Akkujenkierratyslaitos MAWSON LATITUDE 66
o ol
4 Kobolttijalostamo Coid X Haarakumpu
ARCTIC PLATINUM Co-Au
wd  Kupari- ja nikkelisulatto Suhanko
PGE-Ni-Co-Cu
w!l Nikkelituotteet, nikkeli-kobolttisulfaatti
» . D —— SOTKAMO SILVER
. Ni-Co Y Ui Hopeakaivos
(pCAM), Ag-Pb
TERRAFAME
B Kuparituotteita Freeport CobalC St FLEMENTD
j lit) MINERALS
%  Kaivosteknologiaa I NeCoZnOu’ g - Punasuo,
¥ a AkkuSer \ Uutela
/% [ Karnukka,
Rakenteilla oleva tehdas Keliber I S Hms:an ahio
O Nikkeli-kobolttisulfaatti ey &K i Terrofome Talkki-Ni-Co
Finnish % Normet Elementis
CAM “)-—- u
0 » e Battery EUROBATTERY 1" Minerols
EnergyVaasa Hub Chemicals MINERALS ~
Laitos kannattavuus-  (esim. Wartsila) Hautalampi &KX Metso-Outotec
selvitysvaiheessa CoNi-Cu X BOLIDEN
Critical metals & Neometals Kylylahti-
A Lithiumhydroksidi ) pichilnd it s
[ foNden s i BEOWULF MINING  Cu-Co-Ni
Laitos suunnitteluvaiheessa % Sandvik, Epiroc znd-mpi
" BASF
V¥V Venadiini . a o BASE Nornicial rafiitti
o Sijaintivaihtoehto o Nornicke! i 8#tso-Oitotec
pCAM- tai CAM- / m Cupori Aurubis,
tehtaalle Sonen Il Sandvik 97 Floalsh
Akkukerdys |\ ¥ :’b Metso- QD Bottery Chemicals
Valmet Outoses
Automotive

0 50 100km

\ e~
FMG / Finnish Battery Chemicals B
(péckonttori) -_— GTK
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End-of-life recycling input rate (EOL-RIR) [%]

B s
I 25w
»10-25%
B s
I <=

:I'Gn:up of Lanthanide

Talens Peiro, L., Muss, P., Mathieux, F. and Blengini, G., Towards Recycling Indicators based on EU flows and Raw Materials

System Analysis data, EUR 29435 EN, Publications Office of the European Union, Luxembourg, 2018,

EV battery raw materials

Eurometaux 2022
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VALIYHTEENVETO

KYSYNTAA ON, MUTTA ON MYOS RAAKA-AINEITA...

...NOUSEVAT METALLIHINNAT LISAAVAT TALOUDELLISESTI HYODYNNETTAVISSA OLEVIEN RAAKA-AINE VARAN MAARAA.
...HISTORIALLISESTI TUOTANNON JA KAYTETTAVISSSA OLEVIEN VARANTOJEN SUHDE PYSYNYT “SAMANA”
...50, WHY WORRY?
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RAAKA-AINEIDEN SAATAVUUDEN TURVAAMINEN

Lahtokohdat 2000-luvulle tultaessa

1800 1st oil price crisis
l 2nd oil price crisis
1.400 g3
Corona crisis
China factor
1.200
g 1.000 Collapse of the USSR
c
.é l
@
o 800 Asia crisis
g
=
& \
o 600
400
Global financial crisis
0
1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017
—Nominal CRB Metals Sub-Index —Real CRB Metals Sub-Index (corrected for inflation based on 2020)

Modfied after: Development of nominal and real metal prices since the Second World War, based on the CRB Metals sub-index adjusted for
inflation by the Consumer Price Index (CPI) Basis 06.2000, from Wellmer et al. 2019, p.36, updated by DERA 2021
https://link.springer.com/article/10.1007/s13563-021-00296-x



CRB Metals Sub-Index
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HAASTEITA — OSAAJAT

Lahtokohdat 2000-luvulle tultaessa

1.600 1st oil pri I~
. 2nd oil price crisis
1.400 Sorcne i US Geoscience Degrees Granted 1973-2016
China factor 8000 ===Bachslor
1.200 1 w—(aster's
i 2000 4\ e Doctorate
I /
1.000 Collapse of the USSR ’ ‘l V ; . |
(] L3 Y
‘ | l ' \ I\ ¥ 3 / I
800 Asia crisis 2 5000 A 1
\‘ / z .
| ‘ ‘ g 4000 l A
600 4 / & -
! N | L A J
| ‘ ’ £ 3000 ¥
400 2 ! N~
' o L\
2000 A
200 | o |
Global financial crisis
| 1000 I
0 | |
1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017 0 t t M t t t t t t t § t t t
1973 1976 1979 8. 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015
~—Nominal CRB Metals Sub-Index - Real CRB Metals Sub-Index (corrected for inflation based on 2020)
Modfied after: Development of nominal and real metal prices since the Second World War, based on the CRB Metals sub-index adjusted for ey ar:;:;c:r::es
inflation by the Consumer Price Index (CPI) Basis 06.2000, from Wellmer et al. 2019, p.36, updated by DERA 2021 [v f'n“i .

https://link.springer.com/article/10.1007/513563-021-00296-x connecting earth, science, and people
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HAASTEITA — GEOPOLITIIKKA

China dominates the entire downstream EV battery supply chain
Geographical distribution* of the global EV battery supply chain (%)

Cell Battery
Mining Material processing components cells EVs
B Other 100 100
I Russia . . . .
=] Indone5|a. 0 80
Democratic
Republic of
the Congo 40 60
Australia
I Korea
Il Japan 40 40
Il US
Europe
20 20
M China
Lithium Cobalt Lithium Cobalt Cathode Battery EV
Nickel Graphite Nickel Graphite Anode production production

* Refers to the country where the production occurs

Mining is based on production data. Material processing is based on refining production capacity data. Cell component production
is based on cathode and anode material production capacity data. Battery cell production is based on battery cell production
capacity data. EV production is based on EV production data

Source: IEA

©FT
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World import exposure to Russia, Ukraine and Belarus

Nickel ores & concentrates

Oil seeds & oleaginous fruits
Natural gas

Petroleum oils, > 70 % oil

Coke & semi-cokes of coal
Sulphur and unroasted iron pyrites
Silver, platinum

Petroleum oils, crude

Pig iron

Coal

Wood simply worked

Maize

Radio-actives and assoc. materials
Nickel

Barley

Fertilizers

Fixed vegetable fats & oils

Wheat and meslin

Ores of uranium or thorium
Ingots of iron or steel

Sources: Oxford Economics, UNCTAD
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HAASTEITA — GEOPOLITIIKKA

”"The European Union's dependency @China @UsA 1 keine Daten
on metal imports is somewhere
between 75% and 100% depending
on the metal.”

™
.
»
» L_J >1t010GT Strategic Ellipse
. >10t020GT -approx. 74% of the world's conventional oil
reserves and approx.
- 2 2GE -approx. 70% of the world's natural gas reserves

Note: Up to April 2019,

Figure 97 The strategic ellipse
Source: http://www.yidaiyilu.gov.cn/

(Source: BTC 2010, Federal Institute for Geosciences and Natural Resources BGR)

Figure A1. China Going Global 131 countries have signed China Belt and Road Initiative by 04/2019
(Source: Economist 2019, and CCP Belt and Road Portal, , h www . vidalyilu.gov.cn/xwzx/bwdt/13764 htm

ThePioneer “statista %
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HAASTEITA — RAAKA-AINESEKTORI JA SYKLISYYS

Mining company executives' preference
for safe, short-term returns has led to a

massive underinvestment in new copper 5P Global Market Inteligence

mines and exploration, jeopardizing the MARKETS TEND TO BE CYCLICAL, USUALLY WITH R o =
metal-intensive energy transition. 5 YEAR CYCLES DIVIDED IN FOUR STAGES

The shift toward decarbonization will ) 1ommsion () 2 peax 3 CONTRACTION & TRouGH |

require vast amounts of copper to extend
transmission lines, install new wire in
renewable power sources, and electrify
existing appliances and cars. Despite
this nearly certain demand, the mining
industry has spent the past decade
moving much of its profits away from
finding and developing major new
copper

FALLING PRICES
v

Mining sector's
failure to seek
new copper

jeopardizes entire
energy transition

S&P Global
Market Intelligance
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HAASTEITA - MALMIEN LAATU

Copper Ore Grade Decline

16 -
15 A
14 me
O 43 New projects mining
i higher grade during early ﬁ
1.2 - years.
o
-4 .
§1.1
o 1.0
o
09 -
Long ferm downwasd trend Source: Wood Mackenzie
0.7 oo
1990 1995 2000 2005 2010 2015 2020 2025 2030

Conventional

Crushing & Milling

. Ore Mineral ___ Gangue Mineral

15
Liberation Classes (Area %)
100% Liberated 75% Liberated 50% Liberated 25% Liberated

R 100%Free ! ’

vy Surface Area

g >

“n

v -
©

(U] 75% Free

© Surface Area

L

< so%free '

rf:

§ Surface Area
'g 25% Free

on  Surface Area

L]

E 0% Free

L Surface Area

Particles classified by liberation and free surface area.

https://www.at-minerals.com/en/artikel/at_Zerkleinerung_Comminution_3154540.htm|

Spencer, S and
Sutherland, D

2000. Stereological
correction of mineral
liberation grade
distributions
estimated by single
sectioning of
particles. Image Anal
Stereol 2000;19:175-
182



HAASTEITA - MALMIEN KOMPLEKSISUUS

Critical Raw Material’s (CRM) & Green Energy
Transition Materials (GEM)

Number of CRMs and GEMs are
typically by product (e.g. Co) and in
many cases a processing problem

For some CRMs, albeit
important/critical, the global
consumption volume low and hence
they are unattractive for exploration
companies

12/2/2022 16

€r  Interconnected | Ti
Carrier Metal
Zn

Sulfide and
Oxide Ores

Sulfide
Ores

Co-elements that have no, or limited own

Carrier metals. Bulk metals, generally of production infrastructure. Mostly highly
lower value valuable, high-tech metals e.g essential in
electronics.

Co-elements that also have considerable ; :
own production infrastructure. Vaiuable to Co-elements that end up in residues, or

as emissions. Costly because of waste
high economic value; some used in high tech :
applications % management or end-of-pipe measures.

The metal wheel (after Reuter et al. (2005) and Verhoef et al. (2004)
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HAASTEITA — ETSINTA MUUTOKSESSA

At the start of the 20" century, surface prospecting accounted for about 70 % of
discoveries (Fig. 3.2; Schodde, 2014a), many of which were not close to known
ore deposits (thus called a greenfield setting). After World War II, geophysical
technologies that had been developed for war-related purposes, followed by

100% - I I ..I. Ii -'- ® Serendipity
I u Prospector
80% - ' Other
i =
60% 1 I I I u ConceptualiGeological
¥ Geological Mapping

Extrapolated from Known
Mineralisation

40%

20% ® Geophysics + Geochem

® Geophysics

0%

O e

Primary search method used at the project scale for Cu, Ni, Pb and Zn deposits
to decide what land to claim on which there was an eventual discovery
(>0.1 Mt Cu equiv.; 930 deposits with data available out of 1568 discoveries;
Schodde, 2014a).

Figure 3.2

17

Base Metal Deposits Found in the World Between 1900 and 2015

Depth of Cover (Metres)

0 Bt SIPDDUD; ¢

500
1000 -
1500
2000 “ Copper
@ Nickel
2500 - @ ZinciLead
N=1141

3000 ' a

1900 1920 1940 1960 1980 2000 2020

Note: Size of bubble refers to “Moderale”, "Major™ and "Giant™-sized Cu_ Ni Pb and 7n deposts
Excludes Nicked Laterite deposits and undersea deposils
(a) Stratabound copper deposits in Paland found while drilling for ail
(b) Admiral Bay zinc deposit in Austraiia, found while drilling for oil

8 Depth of Cu, Ni (except laterite deposits) and Pb-Zn deposits discovered since 1900 (modified from Schodde,
2014a and written communication, August 2016).
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HAASTEITA — KUKA ETSII JA MITA?

In Canada (reflects the global trends)

June 2022 US$ Billion In 2021 ”Majors are shifting risks
$6 - 2% Coal 100% e to iuni ”
m Other Bulk 3% Iron ore 1] !l' l gg me O juniors
m Coal []] ¢
$5 1 mlonOre 1% Diamonds 80% !
Other 4% Uranium = Other
$4 - = Diamonds 20% Base metals 60% » State Owned Co
m Uranium 65% Gold ® Prospectors
1 Base Metals A% # Junior Companies
$3 - God * Moderate Producers
® Major Companies
$2 - 20%
0%
$1 1975 1985 1990 1995 2000 2005 2010 2015

$0 Figure 3.9  (a) World exploration expenditures by commodity, 1975-2015 (2015 US dollars;
Schodde, 2014b; R. Schodde, personal communication, August 2016). (b) Group
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 responsible for discovery (%) of giant, major and moderate deposits in the

Sorces: MinEx Consulting esfimates © June 2022 Western world (excluding bulk commodities), 1975-2013 (Schodde, 2014b).

based on data from NRCan Base meta|S CU, N|, Zn, Pb

R. Schodde (2022)
..and juniors go for the gold?
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HAASTEITA — KAIVOKSEN “INELASTISUUS”

Vaikka hinnat nousevat louhintasuunnitelman muuttaminen voi olla vaikeaa

Shallow open pit
N mine <G

Coal, Fe  —__ Sorting, washing,
drying

Cu.Au  —_ Heap leach —
hydrometallurgy

. 1]
Deep open pit Surface waste: rock and
mine tailings

Cu. Mo, Crushing, grinding,
" flotation

i 1
PGE Surface waste: rock and
Bulk underground tallings
mine
— Fe,Cu,Mo, __ Crushing, grinding,
Au flotation
1
Surface waste:
tailings
Selective underground
mine Ni, Cu, Zn, __ Crushing, grinding,
Pb flotation

i

i

backfill

Crushing, grinding, gravity
x, ——— separation

Bulk

products

___ Metal products — cathode Cu/l
Doré Au

___ Concentrates — ship to
smelters

___ Concentrates - ship to
smelters

___ Concentrates — ship to
smelters

— Metal products — Doré
Au

Underground waste: tailings

Figure 4.7  Simplified schematic examples of four deposits with different ore body
geometries (in grey) and hence different mining methods. The commeodities
{(yellow highlight), processing method (blue highlight), waste (tan highlight)

and products (brown highlight) are shown.

3D Map of the Lefdal Datacenter

https://baxtel.com/data-center/lefdal-underground-

mine/photos
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HAASTEITA — KUKA USKALTAA INVESTOIDA?

Annual nonferrous exploration budgets, 1996-2021

e Aggregate nonferrous exploration budget

Annual indexed metals price * Increasing demand (and prices) of raw materials
resulting moderate increase in exploration activity

21 - during past 5 years

* W-Europe including EU 3 %

* Dramatic decline in China since 2016

24

18 -
15 4

12 -

“the mining industry needs to invest $1.7
trillion over the next 15 years to supply

! enough metals for renewable tech,
I I I | i according to consultancy Wood
1l

©
N
Indexed metals price

@»

Global nonferrous exploration budget ($B)
(]

; Mackenzie.”

A D ® O XD $ QL ® O S
\9‘5 CRCHGCIE N QQ & Q° Q <>° PP

NN ) Q N
oS oS Q'\Q\Q\'\\r\

S
& ST

Data as of Sept. 25, 2021.
Source: S&P Global Market Intelligence


https://www.woodmac.com/news/opinion/faster-decarbonisation-and-mining-a-crisis-of-confidence-or-capital/
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HAASTEITA - MUUTTUVATKO VARANNOT VAROIKSI?

KUPARIN KUMULATIIVINEN TARVE ERI KIERRATYSASTEILLA

Tuleva kuparin tarve (kierrdtys mukana) vastaa noin 25-

COPPER s e R ;
vuodessa sitda maaraa, joka on tuotettu koko historian aikana.

RESOURCES

5'000 CURRENT GLOBAL oy
MILLION TONNES" G RESERVES — ———55P5 70%
870 MILLION -
TONNES' = SSP170%
B 3000 - e SSP2 70%
S ¢ === SSP590%
g 2500 - 7
s ’ SSP190%
CU USAGE § 2000 - vt mae R:Ieesrc\,tifricegs
2 8 MILLION > Y
TONNES" g 1500 -
Annual Cu needed E
to meet demand 2 1000 -
B Est. annual global 'i; - b e - :
Cu recycling 3 500 - ” Kalkkl.hlstorlalllsestl tuotettu
5 L kupari = 700 Mt (USGS)
o -
04 —— P ——r————t— 11—+ 1
. . . O D O N 5 I IS N R N RN R S R
PPN H & NI )
Global copper reserves are estimated at 870 million tonnes (United TS ,\9@,\9& T F ST F T S S
States Geological Survey [USGS], 2020), and annual copper VoOr  adiniad s
u sy g Fig. 5. Cumulative copper demand estimations using Estimating global demand until 2100 with ion and stock
demand is 28 million tonnes. Current copper resources are BB Db Sl PO el T T e R
: s rates. The dashed line indicates the identified copper Branco W. Schipper™ ", Hsiu-Chuan Lin'*, Marco A. Meloni™, Kjell Wanslceben',
estimated to exceed 5,000 million tonnes (USGS, 2014 & 2017). resourees, PO TR, M Yok W Voot

Resources, Conservation & Recycling 132 (2018) 28-36
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HAASTEITA - LOYTOJA TARVITAAN LISAA

Elevated copper exploration budgets over the past several years Discovery drought continues
has not led to a meaningful increase in the number of recent major
discoveries. While the volume has increased by 50 million tonnes s Copper in reserves, resources and past production (MY

compared to our analyst last year, most of the increase came from Copper exploration budgets (M)

assets that were discovered in the 1990s. 5,000
With copper demand expected to outpace refined copper 4500
production, the industry is not making enough new, high-
guality discoveries to support the long-term pipeline.

mem Projected new copper in major discoveries (Mt)

=
o

-
[~
o

4,000

=]
o

3,600
Although a significant amount of copper has been added to the 3,000
1990-2021 total discovered compared with the period in our 2021
analysis, the downward trend in rate and size of major discoveries
over the past decade continues. All the new copper came from 2,000
older, well-developed discoveries from the 1990s. In fact, we 1,500
have only been able to identify three additional discoveries 1,000
over the past five years, which added only 5.6 Mt. This is a I I
direct result of companies shifting more of their exploration I I I I I l = l l I I I "TII111 °00
budgets toward known deposits and existing mines — a 0 s 0
decadelong trend identified in our annual Corporate Exploration S "“@"‘i"’"‘e@& F S E T S E SIS
Strategies study. Additionally, given the 50.7% increase in the Data as of May 10, 2022,
London Metal Exchange average copper price year over year in Souroe S0P Getel Makas Inaihganons COPPer Crade A cash price.
2021, it was to be expected that older, producing assets would
reflect price-related adjustments to reserves and resources.

©

o
1l
a
o
(=)

(=]
o

Copper in major discoveries (Mt)
s
L=

Copper exploration budget ($M)

[
o

https://www.spglobal.com/marketintelligence/en/news-insights/research/copper-discoveries-declining-trend-continues
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HAASTEITA - PITENEVA KEHITTAMISHORISONTTI

Suunnittelu- ja rakennusluvitus

> Kaavoitus >

Ympadristoluvitus

Kaivosluvitus

T i g s >

Malminetsinta ja toteutettavuusselvitykset

Vastuullisuus

(Lax et al., 2017, muokattu)

"Major copper projects require _~~._ ‘It has taken on average

3 to 4 years for completion.” w over 16 years to move mining

US Bureau of Mines, 1956 projects from discovery to first production.”
International Energy Agency, 2021




HAASTEITA — MUITAKIN
AJUREITA EDELLEEN

”"With the expansion of urban
areas, the world’s material
consumption is expected to grow
from 41.1 billion tonnes in 2010 to
about 89 billion tonnes by 2050.”
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The Material Impact of =

GLOBAL URBANIZATIDN 7]

The global population living in cities and towns is expected to rise 80% by 2050.
With the expansion of cities, the material consumption is expected to grow
from 41.1 billion tonnes in 2010 to 88.8 billion tonnes by 2050.

Domestic Material Consumption (DMC)

'WWS'YE DM = Rew materials extracted from the teritory per year
+All physicalimports - Al Physical Exports
2010

& tonnes/year ’M ‘E"“'" ‘Swd

L
People Living in Cities
- Cities only cover 2% of the world's
u Africa African cities will double in population land surface, b activiies wilkin thee

by 2050, with material consumption W”‘;“:WM :m l75% ofthe
jumping from 2.0 billion tonnes to planet’s material resources

17.7 biltion tonnes per year.
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Source: United Nations, 2022.
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SIKSI...PERUSTELTUA

“The shift to a clean energy system,” warned the International Energy Agency (IEA), “is set to
drive a huge increase in the requirements for these minerals.... A rapid rise in demand for critical
minerals - in most cases well above anything seen previously - poses huge questions about the
availability and reliability of supply.””

International Monetary Fund (IMF): striving to achieve net zero by 2050 “is likely to spur
unprecedented demand for some of the most crucial metals,” leading to price spikes that “could
derail or delay the energy transition itself.”®

World Bank: “A low-carbon future will be very mineral intensive because clean energy
technologies need more materials than fossil-fuel-based electricity generation technologies.’

European Commission: “Access to resources is a strategic security question for Europe’s
ambition to deliver the Green Deal.... As demand for fossil fuels decreases, increased demand
for raw materials, including rare earths and metals, could lead to new supply challenges in the
course of the energy transition.”"

US Senate Energy Committee: “The United States’ mineral import dependency and the
concentration of mineral supply from certain countries are broadly recognized as growing
threats to economic growth, competitiveness, and national security. The resulting price and
supply chain volatility has prompted a greater focus on policies related to mineral security and
critical minerals that are important in use, susceptible to supply disruption, and for which no
substitutes are readily available.”

Biden administration: “The United States needs resilient, diverse, and secure supply chains
to ensure our economic prosperity and national security.... ‘Supply chain,’ when used with
reference to minerals, includes the exploration, mining, concentration, separation, alloying,
recycling, and reprocessing of minerals.”?

June 2022 s&PGlobal | The Future of Copper: Will the looming supply gap short-circuit the energy transition?
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METALLIT VIVUTTAVAT KOHTI HIILIVAPAATA TULEVAISUUTTA

~3 billion tons of metal/minerals World uses ~15 billion tons
is needed for the transition coal+oil+gas** every year
to low-carbon world
by 2050*

+Wastes/leaking gasses etc.

* The Beyond 2 Degrees Scenario (B2DS): Aims to limit with a 50% chance global -w, GTK
temperature rise to 1.75°C. above pre-industrial levels. (Hund, K., La Porta, D., q

Fabregas, T.P., Laing, T. & Drexhage, ). 2020.)
** gas counted as tonne oil equivalent
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EDISTAMME HYVIN KONKREETTISESTI SAHKOISTYMISEN

MAHDOLLISUUKSIA

GTK Mintec on Outokummussa sijaitseva, Euroopassa
ainutlaatuinen mineraali- ja kiertotalousalan
tutkimusinfrastruktuuri

Mineralogian laboratorio ja mineraaliprosessoinnin
pilotti-mittakaavan koetehdas

Erikoistunut palvelemaan globaalisti mm.
kiertotalouden-, kaivos-, metalli-, ympéristo- ja
kemianteollisuuden alan toimijoita

Merkittava toimija maailman suurimmassa mineraalialan
osaamiskeskittymadssa: European Institute of Innovation
and Technology (EIT) — Raw Materials

Rakentaa strategisia yhteistyokumppanuuksia alan
huippuosaajien kanssa

12/2/2022
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Since 1988 totally realized projects 1850, which 260 pilot scale tests



12/2/2022 28

YHTEENVETONA

Muuttuvat ja kasvavat materiaalitarpeet tulevat haastaman raaka-
ainetuotantoketjun. Vaikka erityyppisia varantoja on, ne eivat
valttamatta muutu varoiksi tarpeeksi nopeasti (tai koskaan). Tama
lisaa riskia erilaisista saatavuusongelmista. Etsintaa,
kaivosinvestointeja, sujuvaa luvittamista, paikallista hyvaksyntaa,
kierratysta ja kuluttamisen hillintaa, kaikkea tarvitaan - keskustelu © £ GAUTHES
strategisesta autonomiasta kriittisten raaka-aineiden ja energian Anne-Sylvie André-

osalta pysynee aktiivisena... Mayer

Geologist

“The scarcity of mineral resources is ultimately neither physical nor Anne-Sylvie André-Mayer is a full

professor in metallogeny at the

geological, but rather political, economic and environmental: it

Université de Lorraine, deptuty

mostly depends on the energy, environmental and societal price siEstipreete Seol ol

laboratory and teaches at the Ecole

that humankind is willing to pay in order to access them.” Nationale supérieure...
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