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Sahkoautomarkkinat mukavassa kasvussa

Global electric car stock trends, 2010-2023
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Lahde: IEA Global EV Outlook 2024
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Energiavarastojen markkinat kovin kasvaja

Battery demand is dominated by electric cars, although storage is the fastest growing source of

demand

EV and storage battery demand by mode and region, 2018-2023
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Mote: LDVs = light-duty vehicles.
Source: IEA analysis based on EV Volumes.
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Energiamurros vauhdittaa kysynnan kasvua

Demand for key energy transition minerals continued to grow strongly in 2023, propelled by the
expansion of clean energy technologies

Demand outlook for selected minerals, 2021-2023
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Lahde: IEA Global Critical Minerals Outlook 2024
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Tuotanto on kasvanut nopeammin kuin kysynta

However, supply has expanded at a faster rate than demand, resulting in downward pressure
on prices

Annual average demand and supply growth rates between 2021 and 2023 for selected minerals
Demand

Supply

Graphite Rare earths

t. The f gure 1or ";J"E.IE|" te includes both natural and synthetic graphne.

Lahde: IEA Global Critical Minerals Outlook 2024
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Hinnat ovat palanneet vuoden 2020 tasolle

Prices for key minerals have returned to pre-pandemic levels

Mineral price developments
IEA energy transition mineral price index Price movement by category
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Notes: IEA Energy Transition Minerals price index is a basket price of copper, lithium, nickel, cobalt, graphite, manganese and neodymium. On the nght-hand chart,
base metals include iron, aluminium, zinc and copper. Battery metals include lithium, nickel, cobalt, graphite and manganese. Rare earth elements include
neodymium, praseodymium, dysprosium and terbium.

Sources: |[EA analysis based on Bloomberg and S&P Global

Lahde: IEA Global Critical Minerals Outlook 2024
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Kiina dominoi akkumetallien jalostusta

Figure 1.23 Share of the top-three countries in extraction and refining of
critical minerals for batteries in 2023

Extraction Refining _
Australia

Chile

Copper . Peru

H DRC
Indonesia

Nickel
. B Philippines
N.Caledonia

Russia

Mozambique

Lithium - Madagascar

Japan
Finland

corre Canada
Argentina

25% 50% 75% 100% 25% 50% 75% 100% " United States

Lahde: IEA Global Batteries and Secure Energy Transitions 2024
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Maantieteellinen keskittyminen kasvaa

The level of geographical concentration for refined products has increased in recent years

2020 2023

Lithium

2020 2023

share of refined material production by country

Nickel Cobalt

2020 2023 2020 2023

Graphite

2020 2023

Mote: Graphite is based on spherical graphite for battery grade. Rare earths are magnet rare earths only.

Lahde: IEA Global Critical Minerals Outlook 2024
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EU on vahvasti mineraalien tuonnin varassa

Figure 1: Countries the EU imports critical raw materials from (2020)
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Kriittiset ja strategiset raaka-aineet
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e ° o Lahde: EU-komission pohjalta Adamas Intelligence (2024)
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EU:n raaka-aineasetuksen 2030 tavoitteet

Extraction: Processing: Recycling: Supply Diversification:
10% of the EU’s annual 40% of the EU’s annual 25% of annual SRM The EU may not source
SRM consumption must be SRM consumption must processingwaste and EOL over 65% of any SRM from
mined domestically by be processed scrap must be recycled a single nation by 2030
2030 domestically by 2030 domestically by 2030
(exclusions apply)

Pillar 2

Lahde: EU-komission pohjalta Adamas Intelligence (2024)

7 10% - 40% - 25% - 65%
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Arvio mahdollisuuksista saavuttaa tavoitteet

Figure 12: Viability of CRMA targets for lithium and rare earths
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. Lahde: EU-komission pohjalta Adamas Intelligence (2024)
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Riskiarviot kriittisille mineraalelille

Lithium and copper are more exposed to supply and volume risks
whereas graphite, cobalt, rare earths and nickel face more substantial geopolitical risks

Risk score by category and mineral

Supply risks Geopolitical risks Barriers to respond Exposure to ESG
to disruptions and climate risks
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Note: High = score above 2.33, Medium = score between 2.33 and 1.67, Low = score than 1.67.

Pace | 213

Lahde: IEA Global Critical Minerals Outlook 2024
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Kanada, Australia, Afrikka, Etela-Amerikka...

Global production of critical raw materials (CRM)
according to EU definition

Critical raw materials
included in the EU list *
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Lahde: SGU

J.Vesa | © Not Innovated Here (2024) Kiertotalousmessut 28.8.2024




Herasiko lansi lian myohaan?

Who owns the Earth? The
scramble for minerals turns
critical

China controls the metals that are vital to the modern economy. ks the ) . 4 ‘

| HELS}NGIN SANOMAT

HORIZONS

Securing copper supply:
no China, no energy transition

August 2024

Eleni Joannid

M Viood Wille Rydman: Suomi ei voi seurata
Mackenziel  gjvusta, jos Kiina rikkoo markkina-

| talouden saintoja

"Esimerkiksi eurooppalaisia ilmastotavoitteita ei
® o, saavuteta ilman Kiinassa tuotettua teknologiaa, Rydman
o °* ., arvioi. Niin suuri kiinalaisten markkinajohto vihrean
® - °. : siirtymé&n aloilla ministerin mukaan on.” HS 11.8.2024
L ]
o ° ®
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Maallman uusi

VISUALIZING THE EXPANSION OF THE A vems

SHANGHAI
COOPERATION -
ORGANIZATION *

The Shanghai Cooperation
Organization (SCO) is a Eurasian
entity uniting political, economic,
and security interests. It serves
as a counterweight to Western
influence in the region.

talousjarjestys

The
Economist

Chinese companies are
winning the global south

Their expansion abroad holds important lessons for Western incumbents

Today, the SCO encompasses 42% of the =

i uhka idasta?

of the global GDP.

global population and 32% of the global GDP.

SCO is the largest region
fanization giot
compassing 42% of the

global populatior

telijoita ja fu
liwanissa. Suurlahettilas ei

nic cooperation Ikee sotaa kayvaa \\‘i_‘ih,{v}r_i-_i
uscs on regional

security issues, like
terronsm

ethnic separatism vhteistyolle esteita.

and religious extremism

Three Chinese

nae Suomen

warships are in the Baltic to start China's first naval exercises with

Russia in the region.

(&L

1ce again the
| the economy

Russia and China have pledged to deepen their growing alliance and shared
opposition to wh scribe as the U.S.’s attempts to dominate the world

order, with Moscow again seeking to boost trade with Beijing as it looks for new

J.Vesa | © Not Innovated Here (2024)
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Kiina esitellyt uusia vientirajoituksia

i *Reuters

* On August 14, China
the country’s latest m Antimony prices gear up for new records s CSIS
the name of national on China export curbs
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Kiina kasvattaa varmuusvarastojaan

The - —
Economist ik

Price of China's strategic germanium hits

VVhy is X1 ]mpmg building secret |record high on possible state buying China Plans Biggest Ever Cobalt
SO STOBERIE: R 2~ Purchases For State Reserves

= Stockpiling agency could buy around 15,000 tons: sources
= Critical material is cheapest it has been in nearly five years

Reuters, 18 July 2024 By Yvonne Yue Li, Alfred Cang, and Jack Farchy
Bloomberg, 23 May 2024
J.Vesa | © Not Innovated Here (2024) Kiertotalousmessut 28.8.2024
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Security Measures for Critical Minerals (IEA 2024)

Increase supply of CRMs

Reduce demand of CRMs
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Keinoja pienentaa mineraalien kysyntaa

Materiaalitehokkuus
(Teknologiateollisuus 2016) Policy area Description

Requirement

Repair, refurbishment and Extending product lifetimes, reducing

(1) Ability to re-manufacture remanufacturing the need for new production

(2) Ability to re-use components A . .
Collecting, processing, and reusing

(3) Ability to re-use the product Recycling materials that would otherwise be
discarded as waste

(4) Durability
Replacing materials with renewable or

Substitution more sustainable alternatives

(5) Use of critical materials

6) Use of recycled materials e
(6) v Designing products and processes to

Material efficiency minimise material use, waste, and

(7) Recoverability (critical materials) environmental impact

(8) Recyclability (critical materials)
Product-as-a-Service Business models that provide services
(9) Repairability instead of selling products

(10) Upgradability Encouraging individuals to adopt more

Behavioural changes sustainable habits and practices such
as reducing consumption

Lahde: IEA Global Mineals Outlook 2024

J.Vesa | © Not Innovated Here (2024) Kiertotalousmessut 28.8.2024

Siemens Gamesa's lifetime extension programme
for wind turbines

Minimum recycled content requirements, extended
producer responsibility regulations

Chemistry change for EV batteries
Adoption of alternative battery technologies

Iridium loading reduction in proton exchange
membrane electrolyser manufacturing
Reduced silicon use in solar PV

Vehicle-sharing schemes to increase utilisation of
assets

Opting for optimal size vehicles than larger cars
Reducing private car journeys via public transport




Akkujen mineraalitarpeen pienentaminen

There are six solutions to curbing battery mineral

...0f which three have already made a major impact
demand... ’

Virgin mineral demand for batteries in 2023
actual demand = 100

597 238 Avoided demand:

(LS

[=="=7 [

T:.f Actual demand
Eff ¢ ent Efficient
vehicles mobility

Lithium MNickel Cobalt

Continuing this trend leads to peak battery ..While accelerating the trend along all six solutions can
mineral demand in the 2030s... avoid most long-term demand

Lahde: RMI, The Battery Mineral Loop — The path from extraction to circularity (2024)
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LFP:n osuus kasvaa nopeastli sahkoautoissa

Figure 1.6 Battery cathode chemistry in electric car sales, 2018-2023

Cathode
100% Other
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Lahde: IEA Global EV Outlook 2024

Low-nickel High-nickel LFP

Lahde: IEA Global Critical Minerals Outlook 2024
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LFP-akkujen “helpompi” koostumus

Figure 1.22 Mineral intensities by battery chemistry for lithium-ion battery
cathodes used in EVs
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Lahde: IEA Global Batteries and Secure Energy Transitions (2024)
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Uutta kalvostuotantoa el enaa tarvittaisi 2040

the

attery mineral demand

Net lithium demand, fast uptake -
erated trend

1,200 Kilotons per year
es today's demand

1,000

battery recycling

market S

, \/ Cobalt

2045

Robin Zeng - Founder & CEO of CATL
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Kaivosinvestointeja tarvitaan

edellytyksena on, etta kaivosala jatkaa
investointeja uusiin kaivoksiin siihen saakka, etta kierrattajat saavat
metallien talteenoton talteen.

Tassa on kuitenkin dilemma: jos kaivosten tuottamien mineraalien kysynta
hiipuu, ei kaivosalalla ole kannusteita investoida uusiin kaivoshankkeisiin.

Tutkimuslaitos RMI ehdottaa, ettda maat tekisivat sopimuksia tuotannon
ostamisesta (offtake) ja ndain hankittu ylituotanto voitaisiin sijoittaa
varmuusvarastoihin.

Valtiot voisivat innostua jopa asettamaan sanktioita sahkdautojen
maastaviennille, koska silloin akkumineraalit karkaisivat muihin maihin.

J.Vesa | © Not Innovated Here (2024) Kiertotalousmessut 28.8.2024
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The Battery Mineral Loop

The path from extraction to circularity

s e &
Lahde: RMI (2024)
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Akkumetallien hinnat putosivat rajusti v. 2023

Figure 1.24 Price developments for key battery minerals
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1 000 250 250 250

800 200 200

600 150 \ 150 \

400 100 100

Index (Jan 2021 = 100)

200 50 50

Feb Jan Feb Jan Feb Jan

2024 2021 2024 2021 2024 2021
Price 2015-20 average

Lahde: IEA Global Batteries and Secure Energy Transitions (2024)
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Kalvosinvestoinneissa vain niukkaa kasvua

Investment in critical mineral mining grew by 10% in 2023, a smaller increase than seen in 2022,
as price declines placed pressure on producers’ financial capacity

Capital expenditure on nonferrous metal production by major mining companies, 2011-2023
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South 32
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m Southern Copper
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Anglo American

BHP
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specialists
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Diversified

cobalt; Cu = copper; Ni = nickel. For diversified majors, capex on the production of iron ore, gold, coal and other energy products was excluded. Nomina
sults for Arcadium start from 2016.

Source: |IEA analysis based on company annual reports and S&P Global.

Lahde: IEA Global Critical Minerals Outlook 2024
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Ajovoima-akkujen kierratyksen koko kuva

LOBAL
BATTERY
ALLIANCE

Kiertotalousmessut 28.8.2024




Paljon erilaisia menetelmia talteenottoon

Critical material
recovery

IDTechEx

"Critical material recovery
technologies are largely ready
to go, it is just a question of

how easily they may be
repurposed for secondary
materials sources.”

Léhde: IDTechEX, "Critical Material Recovery 2025-2045: Technologies, Markets, Players (July 2024)
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SER-talteenottoa Jyvaskylassa (kevat 2016)

Kiertotalousmessut 28.8.2024



Kriittisten materiaalien talteenoton potentiaall

Market Value: Critical Material Recovery from Secondary Sources

IDTechEx

"As the volume of critical
material containing equipment
reaching end-of-life increases
year-on-year, the secondary
source stream for critical
material recovery becomes
ever more valuable.”

o
<
o
(o]
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Eurooppalaisen kierratyksen kilpailukyky

"Costs for lithium-ion battery recycling in the US and
Europe are set to become twice as high as current
levels in China. That for materials claimed by policy
makers to be strategic while being traded on a global
market. Who will pay for that?”

Hans Eric Melin, CEO, Circular Energy Storage

Circular Energy Storage

Recycled material 85-96% more
expensive in USA and Germany
compared to China

Recycling costs per infeed tonne (cell eq.)

+85% $09%

+89% +96%

Germany
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Kiina manipulol raaka-aineiden hintoja

"China uses a broad range of instruments allowing it to

. By artificially increasing or
decreasing the level of raw materials supply, or simply by centrally
setting the prices,

" — including plans at the national, sectoral,

provincial and municipal level —
. In accordance

with such plans, many key materials and other material inputs are to
some extent regulated and are the targets of government
intervention.”

Lahde: European Commission, 10 April 2024

L ]
®
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m EUROPEAN
COMMISSION

COMMISSION STAFF WORKING DOCUMENT

ON SIGNIFICANT DISTORTIONS IN THE ECONOMY OF THE PEOPLE'S
REPUBLIC OF CHINA FOR THE PURPOSES OF TRADE DEFENCE
INVESTIGATIONS

37
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SER-demolaitoshanke (Teknologiateollisuus)

The objective: State-of-the-Art Recycling Center for
e-Waste utilising the latest (Finnish) technology

Collection ' Processing
‘ =T T T o Parert U3 31V .

e po— Reuse, Remanufacture Technology
Industries

Lahde: Teknologiateollisuus / Not Innovated Here 2015
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Asetusten ja kiertotalouden mukainen prosessi

Removal of
batteries for

recycling

track

Remake

Component
salvation track

Recover
Recycle

Material Tiw Forirafim o it

recovery track Technology
L Industries

Lahde: Teknologiateollisuus / Not Innovated Here 2017
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Digitaalinen tuotepassi / akkupassi (RFID)

RFID tag provides visibility throught the
whole lifecycle of the equipment

After

R8D Production ogistics Distribut s
< / =
e ] I - - S
o b, = L ;—g
1 > - e =3
o -
“

EV Battery Life Cycle Management

- Battery chemistry ) - Recycling reports to
- Disassembly instructions < the manufacturers,

N 3 OEMSs, authorities etc.
) ) - Battery type
- Battery type - Battery chemistry
= Serial number » Serial number

» Manufacturer info N » Manufacturer info
- Test report data - 3 b . - Test report data
4 : » Haz mats

- Temperature - Temperature * Disassembly
« Gas emissions . Locations < instructions
 ——— < y - Precious metals

After
Market

; A
20 Saga

&~

Recycling

Technology
Industries

© Not Innovated Here (2018)

Lahde: Not Innovated Here 2018
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Johtopaatoksia

1. Kiina pystyy manipuloimaan kriittisten mineraalien ja metallien markkinoita - ja on monesti
osoittanut olevansa myos valmis ndin toimimaan.

2. Lansimaiden strategiset virheet viimeisten 20-30 vuoden aikana ovat antaneet Kiinalle
valttikortit raaka-aineissa ja uuden teollisen vallankumouksen teknologioissa.

3. Puhdas siirtyma vaatii huomattavan maaran mineraaleja ja metalleja. Uuden
kaivostoiminnan kaynnistaminen vie aikaa ja vaatii huomattavia investointeja. Siksi kierratys
ja kiertotalous ovat keskeisessa roolissa puhtaan siirtyman mahdollistajana.

4, Suuremmassa mittakaavassa kierratys onnistuu vasta, kun kierrossa on riittavasti
materiaalia. Siksi on tarkeaa hyédyntaa myods muut kiertotalouden mahdollisuudet.

5. Akkujen ja muiden energiamurroksen kannalta kriittisten teknologioiden kiertotalous ei ole
mikaan itsestaanselvyys, vaan se vaatii autovalmistajien, akkutuottajien, kaivosyhtididen ja

® o julkisen sektorin tiivista yhteistyosta seuraavan vuosikymmenen aikana.
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