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1) Climate Change
&
Global Energy Transition ...

&
Demand for Metals



Climate Change & Mining ...
» Many countries try to decarbonize their economies by using

wind, solar, and battery technologies.

» But this global energy transition also has a trade-off: to cut emissions,
More minerals are needed.

» MoAAEC Ywpeg mpoomaOouV va arnavOpoKomoLo0UV TLC OLKOVOMLEC TOUC
XPNOLHLOTIOLWVTAC TEXVOAOYLEC OLLOALKN G, NALAKNC KOL LITOTOLPLWV.

» AAAQ OUTH N MOLYKOOMLOL EVEPYELOKNA HETABOON EXEL KOl £VOL AVTIKPLOMAL: yLa T
HELWON TWV EKTTIOUTIWY, ... XpELA{OVTOL TTEPLOCOTEPO OPUKTAL.



Wind, Solar & Batteries technologies need METALS such as ...
Wind power technology

A single 3 MW turbine requires:

. 4.7 tons of copper - xanos

. 335 tons of steel - yavpa

. 1,200 tons of concrete - sxwpostparo

. 2 tons of rare earth elements - onavwv yauiv
. 3 tons of aluminum- wevpwiov




Wind, Solar & Batteries technologies need METALS such as ...

Solar

PV cells require:

1. Polymers - nonupeps
2. Aluminum - woupivio
3. Silicon - rpiwo

4. Glass - yuuri

5. stlver - spyupoc

6. TIN - «aooizepoc




especially Batteries technologies need METALS such as ...

Batteries

« Everything from your home, your vehicle, and your everyday devices wil
require battery technology to keep them powered and your life on the move.

- The following metals are at the center of battery technology that will see the
greatest explosion in demand in the coming energy transition.

Batteries require:
1. Lithium - aiew

2. Cobalt - KoBdAtio
3. Nickel - nwéno




Top Five Minerals for Energy Technologies

2017 Production 2050 Demand from Percentage

Energy Technology Change (%)
Lithium 43 KT 415 KT 965%
Cobalt 110 KT 644 KT 585%
Graphite 1200 KT 4590 KT 383%
Indium 0.72 KT 1.73 KT 241%

Vanadium 80 KT 138 KT 173%



Electric Vehicles
Drive up
Metals Demand



Demand for Metals on the Rise

Demand from the EV industry for key metals 1s on a swift upward trajectory.
Copper, nickel, and lithium are some of the key metals required for EV battery
production.

As a result, demand growth for nickel from EVs 1s expected to increase 14

times between 2019-2030.
Lithium and copper are expected to experience a growth in demand of 9-10x.

H ZAtnon ano tn Bropnxavia NAeKTplkwv oxnuatwy (EV) yia Baoikd pétaAla Bpioketal o€ tayxeia avodikn mopeia.

O xaAKOG, TO VIKEALO Kot TO AiOLo gival pepLKa armo ta Bactlka HETAAAC TTOU QTALTOUVTOL VLA THV TAPOYWY] KHIToTopLwyV

NAEKTPLKWV oxnpatwv (EV).

Q¢ anotéAeopa, n avénon tng TNoNG yLot VIKEALO amo NAEKTPLKA oxApota avapévetat va avéndei 14 dopéc petav 2019-
2030.

To AiBLo KoL 0 YOAKOG OLVALEVETOL VAL ONHELWOOUV avénon tng Intnong kata 9-10 popéc.


https://www.visualcapitalist.com/lithium-cobalt-batteries-powering-the-electric-vehicle-revolution/
https://www.visualcapitalist.com/lithium-cobalt-batteries-powering-the-electric-vehicle-revolution/
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Expected Demand Growth Increase to

Metal

2030 in the EV Industry
14x

14x
13x
13x
10x
10x
O9x
3X
3X



Why? What’s Driving Demand?

As consumer awareness increases around climate change and demand shifts away from the oil
and gas industry, the demand for EVs grows immensely.

According to some estimates, EVs are expected to make up over half of all passenger
vehicle sales by 2040.

Additionally, many governments have committed to the production of EVs in a bid to decrease
their dependency on fossil fuels.

China, for example, has a goal of having EVs make up 20% of new car sales by 2025.

Tesla 1s leading the momentum among manufacturers and investors clearly see the opportunity,
having driven up Tesla’s shares by over 1,000% since March 2020.

But there are other up-and-coming players in the EV market like NIO in China, as well as
traditional car makers that are shifting their focus to EVs.


https://www.forbes.com/sites/arielcohen/2020/10/26/plugging-into-the-future-the-electric-vehicle-market-outlook/?sh=5fcdba509812

Why? What’s Driving Demand?

KaBwc n evatcbntomoinon Twv KATavoAwTwy OXETLKA UE TNV KALMATIKA aAAayn avéavetat kot n {Atnon
petatomnileTol pakpld oo tn Blopnyavia nmetpehaiov kot puoikol agpiou, n INTNON Yo NAEKTPLKA OXAOTO
avéavetal SpoaTLKA.

YUUPWVA LE OPLOMEVEC EKTLUNOELG, TOL NAEKTPLKA OXALOLTOL OLVOLLLEVETOLL VAL AITOTEAOUV TIAVW OTTO TO AULGU OAWV
TWV MWANCEWV EMLBATIKWV OXNHATWV £w¢ To 2040.

ErtutA€ov, MoAAEC KUPBEPVAOELS EXOUV SECUEVTEL yLaL TNV TTApaywyr NAEKTPLKWY OXNUATWY OE Lo TtpooTtabeLla va
LLELWOOULV TNV €€APTNON TOUC ATTO TAL OPUKTA KAUGLUAL.

H Kiva, ywa mapadelypa, XEL WC OTOXO TA NAEKTPLKA oxrpato va armoteAoUV to 20% Twv MWARCEWV VEWV
QUTOKLVATWYV €W To 2025.

H Tesla nyeito tn¢ SuVALKNG LETAED TWV KATAOKEUAOTWYV KoL oL ETEVOUTEC BAETOUV EekABapa TNV eukalpia,
£XOVTOC AUENOEL TIC LETOXEC TNC Tesla kata mavw armnd 1.000% armno tov Maptio tou 2020.

Q0TO00, UTIAPXOUV Kol AAAOL AVEPXOUEVOL TTAUKTEC OTNV aAyopd NAEKTPLKWY oxnuatwy, ortwe N NIO otnv Kiva,
KaBw¢ Kal mopadooLlakol KATOOKEVOOTEC ALUTOKLVATWY TTIOU HETATOTIL{OUV TNV EOTLOON TOUC OTA NAEKTPLKA
oxnAuata.



Costs for Electrical Vehicles

COST OF CHARGING
s> AN ELECTR:C CAR
iN EGROPE

IRELAND €7.2

ER LA NC = - f_<3 -
€7.7
ISR €78 O -

"€8.8

£8 9 e SUBREGIONT == == £
€9_1 : l Northerm Europe
= €9-8 . Southermn Europe
Eg:g Western Europe
€9'8 l Eastern Europe
€9.8 s

€9.8
€9.8
€10.0
€17.0

Cost to charge (€ / 'IOO KM ™ ’;’i :

€189

*For a Tesla Model 3. Public DC charging outlets considered only. ®
Charging time is 25 minutes. Source: European Alternative Fuels Observatory (2024)


https://posts.voronoiapp.com/energy/How-Much-It-Costs-to-Charge-an-EV-in-Europe-2624

But ....Ethical Issues ...

» Many of these raw materials come from low to lower-middle-income countries and
are essential to their economies.

» For example, around 50% of the world’s cobalt, another key material for EV manufacturing, is
found in the Democratic Republic of the Congo.

» Investors and mining companies stand to gain from this increased demand for EVs and
they

* exploit people

* topple governments

* use children for labor

* sabotage economic development

* disapprove of social policies


https://www.visualcapitalist.com/all-the-worlds-metals-and-minerals-in-one-visualization/
https://unctad.org/news/demand-raw-materials-electric-car-batteries-set-rise-further

HOIKA O¢spata & ALAppota

» TMOAAEC ATtO QUTEC TIC TIPWTEC UAEC TIPOEPXOVTOL ATIO XWPEC XAUNAOU £WC LECALOU EL00SAMATOC KAl E(VAL ATOPOLTNTEC VLA TLG
OLKOVOULEC TOUC.

» o mapadelypa, mepimou to 50% tou maykdopou koBaAtiou, evog AAAoOU BaokoU UALKOU YLOL TNV KOTALOKEU NAEKTPLKWV
oxnuatwy, Bpioketal otn Aaiiki Anpokpoartia tou Kovyko.

» OL emevOUTEC KoL OL eTaLpELeC €0pUENC MpoKeLTal va emwdeAnBolv amo autrv tTnv avénuevn {Atnon yol NAEKTPLKA OXAaTO
Kol autotl
0 ekpetaAAsvovtal avOpwrnoug
U avatpénouv KUBEPVAOELG
1 xpnoipomnolouv nadia yia epyacio
J oopumotdpouv TNV OLKOVOULKN OVATITUEN TWV XWPWV QUTWV
1 8gv eyKpivouV TLE KOWVWVLKEC TLOALTIKEG



2) Critical Inputs & Resources ...



AYTAPKIA & EAPTH2H

 Some countries have developed the manufacturing sector.
— Therefore, they have & control of factories (transformation processes).

 But NO individual country has autarky of resources, esp. strategic
metals.

* Countries are searching globally for resources they do not have.

» OPLOUEVEC XWPEG EXOUV AVOTITUEEL TOV LETOTIOLNTLKO TOMEQL.
=" EMOMEVWC, £XOUV KOl TOV EAEYX0 TWV EPYOCTACiwY (SLadLKOGLEC pETAOXNHATIONOD).
» AAN\G KAMIA pHELOVWHEVN XWPO SEV EXEL AUTAPKELX TTOPWV, ELOLKA OTPATNYLKWV METAAAWV.

» OLxwpeecg avalntoUV MAyKOoHiwG Topouc nov dev dtabEtouv.



Superpowers & Metal Reign

Countries and esp. World Powers have two main and imperative
objectives:

1. to secure necessary Inputs — Raw Materials &

2. to secure markets to sell their Products & Services

Depending on the Technology stage, every strategic resource has its
time:

o Coal: 200 years before.

o Oil & Gas: 100 years before up to now.

o Cobalt: Currently, to immediate future

o Rare Earth metals: Currently to distant future




I2XYPEZ & ANIZXYPEZ AYNAMEIZ

» OLYwpec Katl dLaitepa oL TTAyKOOULEC OUVAUELC £XouV SUO KUPLOUC
KOLL ETILTALKTLKOUC OTOYXOUC:

1. va eéaopadioouvv TIC amapaiTNTEC ELOPOEC - TPWTEC UAEC Kal

2. voa eéaopalioovv ayopEC yla TNV mwANon Twv mPoioviwy Kol TwV UTTNPECLWY TOUC.

» Avaloya e TO TEXVOAOYLKO oTAdL0, KABE oTPATNYLKOC TTOPOC EXEL TOV

XPOVO TOU:

— AvOpakag: 200 xpovia mpLv.

— Netpélaio kat puoiko agpro: 100 xpovia mpLv LEXPL CHUEPQ.
— KopBaAtio: ATt onfpepa €EWC TO APECO EAAOV.

— IMAVLIEC Yaleg: ATO ONEPO £WC TO LOKPLVO HEANOV.



Critical Inputs & Resources ... (roday)

Production concentration of critical raw mineral materials

Russia -
Platinum Group Metals “ »

Canada
Cobalt

India
Graphite

Japan

USA - -, S . :' . Indium
- Berylliu prs ”

China

Antimony
Beryllium
Fluorspar
Gallium
Graphite
Germanium
Indium
Magnesium
Rare earths
Tungsten

Mexico
Fluorspar
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Niobium
Tantalum

Democratic Republic of Congo
South Africa Cobalt Rwanda g

Platinum Group Metals " Tantalum ) Tantalim



United States
Beryllium* 88%

Mexico
Fluorspar 25%

Brazil
Niobium 85%

Chile
Lithium 78%

Norway

Silicon metal 30% Germanium 51%},#"

Germany .
Gallium 35%

France
Hafnium 84%
Indium 28%

x

Finland

Spain
Strontium 100%
Morocco
Phosphate rock 24% Turkey
Antimony 62%
Guinea Borates 98%

Bauxite 64% "y

DRC
Cobalt 68%
Tantalum 36%

South Africa
Iridium* 92%
Platinum* 71%

Rhodium* 80%
Ruthenium* 93%

Indonesia ..
Natural rubber 31%

Australia
Coking Coal 24%

Russia

_Pal ladium* 40%

38%

49%
Magnesium 93%
Natural graphite 47%
Scandium® 66%
Titanium* 45%
Tungsten* 69%
Vanadium* 39%
LREEs 99%
HREEs 98%

* share of global production



Gas as a resource .. (for 30 years more?)

Matural gas & LNG major trade movements
Trade flows worldwide (billion cubic metres)

USA

Canada
m Mexico
m 5. & Cent. Aimerica
w Europe & Eurasia
m Middle East

Africa —s Matural gas
w Agia Paciic — LNG




=

Cobalt as a strategic resource ... (roday & Tomorrow)

Cobalt mining centers
Car anmnd cellphonmne batteries have sent thhe price of cobalt socarimng. Production

concentrated

iNmn the unstable Democratic Republic of the Congo.

Cobalt Mmining and reserves (in metric tons)

Country

1.

2.
3.
£
5.
S.
7.

2.
L=

D.R. Congo
Russia
Aoustralia
Canmnada

Cuba
FPhilippines
Madagsascar

F. New Guinea
Zambia

10. New Caledonia

UnNnited States
Other

Mine production (Z2017)
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B Aa. 300
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Reserves (economically viable)
2.5 million

Il 250,000
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N 250,000

I 500,000

I 220,000
150,000

| 51,000

I 270,000

N A

| 23,000

m s29,000




Who has (NOT who Controls) the Cobalt ...

Global cobalt reserves and production (thousand tons)

2017 production

Democratic Republic
of the Congo

Others
Russia

Australia

Canada Canada Russia
Cuba 25;’ 253
Philippines _United States Democratic il
Mad 23 Rpublic Philippines
adagascar O of the Congo 280 .
. O apua
Papua New Guinea Cuba New
Zambia [l 2.9 80 Madagascar el =E
New Caledonia [l 2.8 270,
South Africa I 2 5 Eglaers South Africa Australia
29 1,200

United States § 0.7



Searching for Cobalt ... Undersea ...

How minerals could be mminmnmed
fromm the seabed

Production support vessel

!
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0
1
g
0
0

Rejected miining
material is pumped S00-2,500
back into thhe water : metres deep

1, 000-<4, 000
metres deep

4, 000-6,500
1 s metres deep

Localised :
sedirment Seafloor Seabed
pPlumes from . production ’ Purmp
cutting tool E

e Massive sulfide o

- - deposit




() REE Production

-k B R B

Mountain Pass (USA)
Lovozero (Russia)
Khibiny (Russia)
Bayan Obo (China)
Weisan Lake (China)
Maoniuping (China)

@ Significant projects

7. Longnan(China)

8. Odisha(india)

9. Chavara(India)

10. Manavalakurichi (India)
11. MountWeld (Australia)

12.
13.
14.
15.
16.

Bokan-Dotson (USA)
Hoidas Lake (Canada)
Bear Lodge (USA)
Motzfeldt (Greenland)
Kvanefjeld (Greenland)

@ Other resources

17. Norra Karr (Sweden)

18. Lofdal (Namibia)

19. Zandkopsdrift (South Africa)
20. Nolans Bore (Australia)



Producers & Consumers of Rare Earth elements...

y

Germany /%

Y | France
A United State &
10%
Brazil - <1%
<1% a aVSla“
B Producing country =1 Top five consumer
Countries with reserves Share in consumption in 2010

B Countries coming into production in 2011 ' Share in world production in 2010



Imagine what will happen to the factories in China without inputs ...
RARE-EARTH SUPPLY AND DEMAND

China’'s increasing demand for its own rare-earth materials is predicted to drive

production in other countries

Thousands of metric tons

250
Supply
= China

Global
200

150

100 +

S0

200506 070809 10 11 12 13 14 15

Thousands of metric tons

| Demand

200 W China Global . |

150 »- EEE—

100 - - -

solll"

200506 070809 10 11 12 13 14 15

SOURCE: Dudley Kingsnorth/Industrial Minerals Co. of Australia



poes it say ... aNything for the future?
China controls 97% of the world supply of REO

Global rare earth oxide production trends

Bastnaske-Carbonatite Era

100 E

80

&0

Output (ke of REO)

1949 {959 { S5 | 979 : 58S [ $9G 2009
- Ocher Countries - United States - China



The trend is there...

80 ' Global Production of
70 L Rare Earth Oxides, Total
. 1950 - 2000
+ 60 -
=50 |
S|
D40 |
_g £
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10 | !
- : Other |
O — R | L3 3 e B (A s (O e Y [y Iy, | Y e ey | L3
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USA imports Critical Inputs & Resources ...from ... enemies ...

U.S. Critical Mineral Import Dependence:
All Over S5S0%, Many at 100%, Too Many From Adversaries

CRITICAL MINERALS %6 MAJOR IMPORT SOURCES
ARSENIC 100 China, others
CESIuUM 100 Canada only
FLUORSPAR 100 China, others
GALLIUM 100 China, others
GRAPHITE 100 China, others
INDIUM 100 China, others
MANGANESE 100 Others only
NIOoOBIUM 100 Russia, others
RARE EARTHS 100 China, others
RUBIDIUM 100 Canada only
SCANDIUM 100 China
STRONTIUM 100 China, others
TANTALUM 100 Others only
VANADIUM 100 Others only
YTTRIUM 100 China, others
BISMUTH 96 China, others
POTASH o2 Russia, others
TITANIUM o1 Others only
URANIUM [0 Russia, others
ANTIMONY 85 China, others
RHENIUM 80 Others only
BARITE 75 China, others
TELLURIUM 7S China, others
TIN 75 Others only
COBALT 72 China, others
CHROMIUM 69 Russia, others
PLATINUM 68 Russia, others
ALUMINUM 61 Russia, China, others
GERNMANIUM 50 China, Russia, others
LITHIUM S50 China, others
TUNGSTEN S0 China, others
ZIRCONIUM 50 China, others
MAGNESIUM 50 China, others

After U.S. Geological Survey (USGS) 2017 Mineral Commodity Summaries, U.S. Net Import Reliance; and
Department of the Interior, February 15, 2017 Federal Register “Draft List of Critical Minerals



Minerals in Afghamistan Potential value ron  $420.9 LIl

AN Copper 2740
Metal and mineral development could o AN Niobium 81.2

be worth more than $908 billion. 50.8

25.0
239
7.4
6.3

.. 53
51
4.4
0.7
0.7
0.6
06
0.5
0.5

.........................

7] Priority mineralized areas

Sources: U.5.G.5; Aghani 2an Geologic Survey. Deparsnert of Defense THE NEW YORK TIMES



indeed ... SOmMe even look further ...

Table 8-1. Distribution of Materials by Criticality Category

Short Term

Medium Term

Cobalt
Gallium
Lithium

Praseodymium
Samarium

Dysprosium Dysprosium
Europium Europium
Indium Terbium
Terbium Neodymium
Neodymium Yttrium
Yttrium
Near-Critical Near-Critical
Cerium Indium
Lanthanum Lithium
Tellurium Tellurium

Cerium
Cobalt
Gallium
Lanthanum
Praseodymium
Samarium




Energy storage ... o new challenge

Lithium-ion batteries for mobility
and stationary storage applications
SCENARIOS FOR COSTS AND MARKET GROWTH

Global supply and demand of lLlithium—ion batteries today and in the future

2018 2028

Growth in sales of electric

ELECTRIC so e 2 oo vehicles and energy storage

VEHICLES >4 rriillior rrillicon increases the dermarnd for

ON THE ROAD m lithium-ion batteries.

Im the mnear—terrm, BEurope is
expected to have sufficient
LITHIUM-ION >"F T
BATTERY GWh

manufacturing capacity to
CELL SALES

meet domestic dermand. |t will
howewver largely depend on
(foreigrn) investment

and a few major plavers.

ENROREAMNM 11t i = . LG Chem nordhrvollE
OF GLOBAL CELL L) o
MANUFACTURING o T —_— s L_.r

SK innovation [av_ 5 § I

Implications of growth on costs and market size

Due to increase in mass manufacturing,
costs of battery packs are expected to decrease
50 o’% Ensure long—termm engagement and commitment
puc=S oy ’2_(3’5 H of all relevant stakeholders (e.g. industry, energy
systerm providers, policy makers and citizens) to
establish a competitive and sustainable
’ European battery value chain ~__ 7

Stimulate cost reduction for battery energy

storage solutions by also tackling non-battery €
components (e.g. balance of plant, energy I

The global market size will increase arnid Europe has the rmanagement systernm)

opportunity to tap into a market of billions
TODAY 2040 E\

billion € billion < — ll"”“”lu"“"“' Exploit opportunities in cost reduction from other
S e i i
S

synergies across the value chain (e.g re-use)




3) Cobalt ...& Lithium ...






Cobalt’s Growing Demand

Cobalt’s specialized properties make 1t crucial for rechargeable batteries, metal
alloys, and EVs:
Thermal stability
. High energy storage
Corrosion resistance
. Aesthetic appeal

As the markets for EVs and rechargeable batteries grow, the demand for cobalt
1s expected to surge to 220,000 metric tons by 2025, a 63% increase since 2017.

But can industry meet its demand with a supply of ethically mined cobalt?


https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-and-cobalt-a-tale-of-two-commodities

A Precarious Supply Chain

* In 2019, the DRC produced 70% of global mined cobalt—a majority of which went to China,
the leading importer of mined cobalt and an exporter of refined cobalt.

* Moreover, 8 of the 14 largest cobalt mines in the DRC are owned by Chinese companies,
resulting 1n a highly controlled supply chain.

* But all major powers like the USA, EU, Japan and main producers like Korea are cooperating
on the exploitation of Cobalt.

(] The issue is:

Are we willing to pay 10x (ten more) for a price of a cell
phone, a TV, or a Laptop or even an EV car?



https://www.bloomberg.com/graphics/2018-china-cobalt/?sref=53TBor5N

Mua emiodpaAng aAlvoida epodlacuou

= To 2019, to Kovyko napnyaye to 70% tou maykoopilov eEopuypévou koBaAtiov — n mAsoPndia tov onoiov
ntnye otnv Kiva, tov kopudaio etoaywyca e€opuyprévou KoBaAtiov kat e§aywyea e€EVYEVIOUEVOU KoBaATiov.

= ErtutAéov, 8 anod ta 14 peyaAutepa opuxeia KoBaAtiov oto Kovyko aviiKouv o€ KIVETLKECG ETALPELEC, UE
OoTEAECHA La avotnpa eAeyxopevn alvcida epodlacpou.

= 'Opwg, OAeC oL peyaAec Suvapelg ontwc ot HMA, n EE, n lanwvia kat ot kUplot napaywyoi onwe n Kopéa
ocuvepyalovtal yla tTnv eKPeTaAAevon tov KoBaAtiou.

U To TQTtnpa siva:

Eipaote dtateOepuévol va mAnpwooupe 10 dopéc (6£ka popEC MEPLOCOTEPO) yLa TNV TLUN EVOC KLvNTOU
tnAedwvou, pog tnAeopacng  evog popntol UTOAOYLOTH 1 AKOMA KOl EVOC NAEKTPLKOU QLUTOKLVITOU;



Indeed,

Inexpensive Supply of Cobalt ...
and Cheap Devices for all of us, the Consumers

Or

Economic Development and
Social Policies in Congo?



Tt O€AOUME?
dOnvn ntpoundsLa

KoBaAtiov...
Kot PONVEC GUCKEVEC yLa OAOUG ERLAC, TOUC KOTOVOAWTEC

'H

OlKOVOMLKN avamtuén Kat
Kowwvikég moAwtikeéc oto Kovyko;



Importance of Cobalt today as “The METAL”

Cobalt
4()xide

< Lithium
I0ns

SMARTPHONE

0.3 ounce
(the weight of
three pennies)

SOURCE: THE WASHINGTON POST

Booming
Cobalt

Demand

This graph shows the
amount of cobalt used
worldwide for batteries

since 2000
(with projections
through 2025).

SOURCE: THE WASHINGTON POST

How Much Cobalt?

LAPTOP @ ELECTRIC CAR
1 ounce y 15 pounds
(the weight of @ @ (the weight of about

one slice of bread) two gallons of milk)

15,000

50,000

25,000

AMOUNT OF COBALT (TONS)

_>.

2000 '05 "0 "5 " i
projecte projecte
YEAR
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How does your mobile phone last
for 12 hours on just one charge?

It’s the power of cobalt, along with
several other battery metals, that keeps
your lithium-ion battery running.

The only problem?

Getting cobalt from the source to your electronics
is not an easy feat — which makes for an extremely

precarious and questionable supply chain.



Cobalt other uses ... TVs-Laptops-Mobiles ....
Top 5 Cell Suppliers by Cobalt Deployed in 2019

CATL > 3,000
o ccrn [
panasonic [

TSR,

PSamsuncd < 1,400

ool <1ao0 T

Source: Adamas Intelligence’s “EV Battery Capacity and Battery Metals Tracker” * numbers in tonnes




Cobalt in the near future ... Electric Vehicles
Top 5 Models by Battery Cobalt Deployed in 2018

Nissan Leaf

Tesla Model 3

ICHERV (- EP.¢

Tesla Model S <400

“ Adamas Intelligence

Source: Adamas Intelligence’s “EV Battery Capacity and Battery Metals Tracker” * numbers in tonnes



Electric Vehicles ... plus ...
The world is changing; electric vehicles will be a disruptive force

How much metal is required to realise the Electric Vehicles Initiative target(') of 30 million electric vehicle
sales by 20307

* We commissioned CRU to model the metal requirements across the supply chain, from generation and grid infrastructure
through to storage, charging and vehicles

* In 2030, forecast metal requirements are c.4.1Mt of copper (18% of 2016 supply), c.1.1Mt of nickel (56% of 2016 supply) and
314kt of Cobalt (314% of 2016 supply)

* As early as 2020, forecast EV related metal demand is becoming material, requiring an additional ¢.390kt of copper, c.85kt of
nickel and 24kt of cobalt

* Transportation/mobility will be transformed — driven by environmental pressures, political mandates, consumer experience and
technological progress

Vehicle sales

M 2020 2025 2030
Total 91 103 107
EV 24 201 317
%EV 2% 10% 30%

Non-ICE vehicles Total

Generation and Charging

grid infrastructure infrastructure
kt 2020 2025 2030 + kt 2020 2025 2030 + kt 2020 2025 2030 + kt 2020 2025 2030 kt 2020 2025 2030
Cu 40 170 536 Cu 24 86 180 Cu 23 115 392 Cu 304 1068 2972 Cu 391 1439 4080
Ni 20 71 150 Ni 66 299 985 Ni 86 370 1135
Co 17 80 259 Co 24 106 314

Grid storage

Co 7 28 55

Sowrce: CRU "Wobdty and Energy Futures — Perspectives lowards 2015%, prepared for Glencore by CRU Consulting ~ "Geeen” Scenano. See side 26 for more datal on modeling frammework. (1) The Electne Vebicies ( ;LEN( :O 22
intiative is 8 multi-government policy forum comprising Canade, China, Finland, France, Germany, Indks, Japan, Korea, Mexico, Netherfands, Norway, Porfugal, South Africa, Sweden, UK and USA
hip Awww cleanenergymmistenal orpiNe wshew-Cem-campaign-aims-for-goal-of - 20-new-elecinc-vehicke -sale s -Dy-20320-85068
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Cobalt & Lithium ... plus

The Underlying Metals for Lithium-ion Batteries

Nickel [N Manganese (W] |  Graphite (C

A sivery white btious mate wah Produced by mining iron ond other [§  Graphite is on ollofrope ond stable

0 shight gold Hage thot con be minerals, if is relotively cbundont form of corbon, Used 03 on omode,
| - ¢ Used o5 troced bock 1o 3500 B.C. Found in Steel mamadocturing uses roughly it is heot-resistont, eheciricolly ond
potentil, ond Mﬁs the W W | h“ lorge mckel-ion meteorites o 50% of manganese production thermolly conductive, chemicolly
spectic enargy per weight Murie “'m m verth ond found in combination Also used o3 o cothode material passree, and lighter thoa

with iron olumeaum

BATTERY USE BATTERY USE BATTERY USE BATTERY USE BATTERY USE

BATTERY TYPE: LCO - Lithium Cobalt Oxide / LMO - Lithium Cobalt Oxide / LFP -~ Lithives Iron Phosphate | NMC - Lithium Nickel Maaganese Cobalt Oxide / NCA ~ Lithium Nckel Cobalt Aluminum Oxide




129 Grams: The Materials That Make Up The iPhone

Materials used in iPhone 6, 16GB model

@ 31.1 g Aluminium
@ 19.9g Carbon |

| e
@ 18.7 g Oxygen o
@ 186 g Iron .

129.0 g Total »

@statistaCharts Source: 911 Metallurgist Stat|8ta 5

8.1 g Silicon

Total value
of elements

$1.03

@

¢ 7.8g Copper

@ 6.6g Cobalt

@ 5.5g Hydrogen
49 g Chrome
4.9 g Others
2.7 g Nickel




Lithium Uses (2017)

CURRENT LITHIUM APPLICATIONS

m Others

| Batteries

W Greases

m Glass Colouring Be ads (Frits)
m Glass

OA/C

| Aluminium

O Pharmaceutical
@ Polymer




Lithium Uses (2018)
Current Lithium by End Use

Other

Ceramics & Glass
Fharmaceutical

FRubber & Flastics :
Continuous Casting h__

Air Treatment

Greases Batteries



Lithium Uses (2019)
Uses of LLithium

Eatteries
nC L= Bl

Ceramics S Glass
S0




Demand Forecasting for Cobalt-Lithium & Nickel

Battery Demand Will Also Surge
Global Demand For Essential Metals

Annual Demand Increases Through 2030

+ 7% + 15% + 19%




Demand Forecasting for Batteries-Lithium & Cobalt
Cobalt’s End Market

BATTERIES BY DOMINANCE

20%
LITHIUM-ION
BATTERIES
34%
OTHER |
< 24%
L SUPER ALLOY
10%
CERAMICS & / ,
PIGMENTS / \ 12%

. HARD MATERIALS

2006

51%
LITHIUM-ION
BATTERIES

13%
QTHER

20%

S SUPER ALLOY

CERAMICS &
PIGMENTS

\ 8%
L HARD MATERIALS

2016

62%
LITHIUM-ION
BATTERIES

10%

OTHER \
6% . 16%
CERAMICS & / \_SUPER ALLOY
PIGMENTS

\ 6%
| HARD MATERIALS

2020f



E-bikes
296

Power tools
B




Battery market by application (2019)

B Consumer Electronics
Automotive
B Energy Storage

¥ |ndustnal

Source: www.grandviewresearch.com



4) Cobalt Supply ...



Cobalt Reserves

Cobalt is a key raw material for many lithium-ion battery chemistries. At present, global reserves and
production are heavily concentrated in the politically unstable Democratic Republic of the Congo. Its
importance, however, could shrink, as some current batteries do not use cobalt at all, while research

breakthroughs could reduce and eventually eliminate the demand for the metal.

Metric tons

Canada
250,000

u.s.
23,000 ®

Cuba
500,000

Other countries
560,000

Source: USGS

@
South Africa

29,000

Russia

Philippines

250,000

Papua

280,000 . New
Guinea
51,000

bia
000

Madagascar
150,000

Australia
1,200,000

Copyright Stratfor 2018



Cobalt production (2018)

Mined Cobalt Supply

Other

Australia

474

Philippines

4% DRC
&5%5
Russia S
5%
Cuba
574

Sovmce: Dartorn Cormmochities



..even more ... Cobalt production (2019)

2018 GLOBAL MINED COBALT BY COUNTRTY - DRC DOMINATES MINE SUPPLY
Source: Darton, 2019

OTHERS 6%
NEW CALEDONIA 2%

MADAGASCAR 2%
AUSTRALIA 2%

PNG 2%
RUSSIA 2%

CANADA 2%

CUBA 4%

PHILIPPINES 4%

DRC 72%



Cobalt Demand Forecasting (by application)

Cobalt Deaermand im2020
Source: CRLL)

E Mo lzile dewices and energsy storagse B El=ctricwehicle= Bl Superalloy=s e =t al HE Other Eatteres

Cobalt demand imn 2025
Source: CRIL)

m o bbile dewvices arnd ersrgsy stborase m Electric wehicles = Superalloys s Industrial = Diher BEatteries




Supply Chain of Cobalt

2. China

Most of this cobalt is sent to

processing plants in China, where

it’s used to make rechargeable ALASKA
lithium-ion batteries.

NORTH
AMERICA
EUROPE
@ e .
\) STATES Washington, D.C.
AFRICA RAWAR 3. United States

The batteries are
then sold to
companies that
make smartphones,

CEA laptops, and other SOUTH

devices. Eventually, AMERICA

REPUBLIC OF = the finished

THE CONGO ,,_+,E AUSTRALIA products make their

(DRC) $ way to consumers
around the world,

1. DRC including in the U.S.

Sixty percent of the world’'s

cobalt originates in the DRC. S O D09 Wl

| mrp T

O 800 KM



Movement of cobalt from artisanal mines in the DRC to the global market

‘Emmamammc'mmmwmtmmwngwmmmsmnmmmmc.mamnhkmmmines. /
e&mdmmulofacminksiatoMncnmueuum.
Qamamwuwmmwmmu



From Congo to China

Congo produces more Much of Congo’s cobalt Lithium-ion battery

than half of the global winds up in processed production is
supply of cobalt. cobalt sulfate. concentrated in four
countries.

Percentage of raw Percentage of world- Percentage of global
cobalt production, by wide cobalt sulfate production capacity”
country production

Germany

China
992

2020 forecast
Sources: U S Geological Survey (cobalt production); Benchmark Mineral Intelligence (cobalt
sulfate, production forecast)




out ..Problematic Supply Chain from the King of Cobalt ...
Problematic Supply Chain

6 o O OF COBALT RESOURCES

o) OF COBALT PRODUCTION IS
O ARE IN THE DRC 98 /O MINED AS A BY PRODUCT

WAR-TORN

COUNTRY 38% FROM

NICKEL
MINING

2% FROM
PRIMARY
COBALT
MINING

ARTISINAL
MINING &
CHILD LABOUR

60% FROM
COPPER
MINING

FAILING
INFRASTRUCTURE
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5) Cobalt Ethical Issues ...



An Unethical Supply Chain

The African Copper Belt hosts the majority of the DRC’s cobalt deposits, where it 1s primarily
mined as a by-product of copper and nickel mining.

Low labor costs, loose regulations, and poor governance in the DRC allow for the
flourishing of artisanal mining and cheap sources of cobalt.

However, cobalt from the DRC i1s tainted by ethical and humanitarian issues, including:
Child labor

Corruption

Crime

Poverty

Hazardous artisanal mining

With the current supply chain of cobalt facing scrutiny and criticism, a transformation in the
cobalt universe 1s well underway.


https://www.visualcapitalist.com/cobalt-precarious-supply-chain/

An Unethical Supply Chain

» H Adpkavikr) Zwvn XoAkoU pLlhoevel Tnv MAELOVOTNTA TWV KOLTOOUATWY KOoBoATiou Tou Kovyko, omou s€opUooeTal KUPLwG

wW¢ UTtOTIPOLOV TNC €€0pUENC XaAKkoU Kol VIKEALoU.

» To xapnAo kootog epyaciag, ol xaAapoi kavoviopoi kot n Kakn dtakuBEpvnon oto Kovyko entpEnouv thv avlnon tng

Brotexviknc e€0puénc kot Twv pOnvwv nnywv kopaAtiov.
» Qot000, 10 KoBaAtio ano tn AAK poAUvetat amd nBLKA Kot avOpwTLoTIKA {NTHHATA, OTWC:
" Nawdkn epyacia
= AwadBopd
= ‘EyKAnua
= Drwwyela
=  Ermwkivéuvn Brotexvikn €€0puén

» Kabwc¢ n tpgxovoa aAvoida edodlacpol KoBaAtiou avTlLeTwITI{el EAEYXO KOL KPLTLKI), EVOC LETAOXNUATIOMOC OTO CUUTTAV

Tou KoPaAtiou Bploketal o MARPN €EEALEN.



The real cost of your phone ...




The real cost of your electric car ...




The real cost of your TV ...
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The real cost of your Laptop ...

SLOQHAMHIC SOCIETY. ALL RITHTS RESERVED
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The real cost of your PC ...
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6) Cobalt in the near future ...
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COMPETITION CONC ENTRATION AND
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EV Cobalt Demand (Tonnes)

EV Sales
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Batteries Demand Forecasting ... based on EV sales

Global lithium-ion and materials demand forecast from EV sales,

- 2015-2030 (thousands of tonnes, GWh)
'000 tonnes

1,000
w—e_ithium ion
900 battery demand
800 (GWh)
200 e Lithium (tonnes)
i Cobalt (tonnes)
600
w Nickel (tonnes)
500
== Manganese
400 (tonnes)
300
200
100
o -

2014

Source: Bloomberg New Energy Finance

GWh
1,400

1,200

1,000

800

600

400



Batteries Demand ForecaSting «s« based on many products

More Batteries Everywhere
Demand for lithium-ion batteries is forecast to surge after a virus-linked
stumble in 2020

W Consumer electronics W Stationary storage =~ Passenger EVs m E-buses
Commerclal EVS © Electric two-wheelers

2.0K GWh/year

S 15

A

=EF b o5
_———-——_ 0

e

201112 13 14 15 16 17 18 "19 20 '21 '22 '23 24 '25 '26 '27 '28 '292030
Source: BloombergNEF



I Electric dreams

Manufacturing capacity Battery cost Battery energy density
Gigawatt-hours per year I 2017 1 2020 Worldwide, $/kWh Watt-hours per litre
1

0 10 20 30 40 50 000 FORECAST °00
pscoric' | .
(Japan) 800 400
oy [
(China) 600 300
o) | 400 200
(China)
LG Chem 200 100
(South Korea) 1 | -
Samsung SDI 0 | 1 1 | 1 | 1 1 | 1 1 1 1 1 1 0
(South Korea) 4- 2008 10 12 1415 20 ti?gzg;
Sources: Cairn ERA; US Department of Energy *Includes Tesla gigafactory

Economist.com



Top 10 EV battery
firms worldwide
(Unit: 55, as of Fabruary)

Panasonic (Japan)

LG Chem (Haraa)
CATL (China)

AESC (Japan) g
Samsung SDI (Korea)
SK Innovation (¥araa)

PEVE (Japan)

BYD (China)

LEJ (Japan)

BEC (Japan)




Price Forecasting ...

Li-ion battery market development for electric
vehicles

Price (Left Axis) 8K
= 1000
Demand (Right Axis) =
2 6K 3
%) 6
v
A= 500 4K .E
= L) v
" E
< @
8 2k 0O
0 OK

2010 2015 2020 2025 2030

SOURCE: Rocky Mountain Institute/BloombergNEF. Data is projected starting with 2020 CNBC



1) Copyright © 2021 Visual Capitalist, All rights reserved.
2) Wikipedia
3) References at Slides



Thank You

This presentation/document was prepared and synthesized by Nick Demos. The information contained herein derives from various sources, mostly online sources, and publicly availbale books and data on the internet, etc. This presentation has been supplied
on condition that anyone who consults it is understood to recognise that the copyright rests with its author and that no quotation from this presentation and no information derived from it may be published and used without the prior written consent of the

author. This document was prepared by Nick Demos.
©2025 Nick Demos | ALL RIGHTS RESERVED
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