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e Mining and strategic minerals

e Strategic minerals, sustainability and demand shifts
e Strategic minerals for EVs — Li, Ni, Co, graphite

e Sustainability metrics and ESG

e Conclusions
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Big Picture on Mining and Metals

e Major mining companies focus on bulk commodities, base metals BHP

o Steelmaking ingredients (iron ore, metallurgical coal, nickel, manganese)
RioTinto

o Bauxite and alumina (for making aluminum)

o Copper GLENCORE

e Smelting and refining mostly in China from ores/intermediates

o Steelmaking; copper, zinc, lead, nickel smelting; alumina refining, aluminum smelting

e Strategic minerals often smaller markets, companies, geographically limited



What are Strategic/Critical Minerals?

e Various lists of minerals/metals: US, EU, Japan, S Korea
o Strategic importance — needed for sustainable futures, technology applications, military uses
o Geopolitical considerations between USA and China (e.g. REES)

o Resource security/self-sufficiency drivers in Europe, Japan, S Korea

e Sustainability aspects include
o Responsible/ethical supply (e.g. no child labor, conflict-free, environmental controls)

o Ingredients for low carbon economy, as well as low GHG intensity of production
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U S MAJOR IMPORT SOURCES OF NONFUEL MINERAL COMMODITIES ®
FOR WHICH THE UNITED STATES WAS GREATER THAN 50% NET IMPORT RELIANT IN 2019
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Strategic Minerals Groupings

e Specialty steelmaking ingredients — advances steels, lower GHG in use

o Alloy components — Cr, Mn, Mo, Nb, Ni, V

e Sustainable technologies — EVs, renewable energy
o Battery ingredients — Li, Ni, Mn, Co, graphite

o Renewable power — REE (wind), Ga, Ge, In, Te (solar)

e Military — high strength materials, aerospace, instrumentation

o Nb,V, Co, Ge, REEs
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What are Strategic Minerals/Metals?

Metals marked in
orange: byproducts
produced in refining
other primary metal
ores/concentrates

Where is the refining?

Byproducts

Strategic metal

Primary metals

Cobalt

Copper, nickel

Mineral/Metal Country Refining capacity

UsA EU Japan South Korea |USA Canada
Chromium s v v
Cobalt v v v v v
Copper v v v
Gallium v v v v
Germanium v v v
Graphite v s e
Indium v v v v v
Lithium v v v v
Manganese v v v
Molybdenum v v v
Mickel v v v
Miobium vl v v v v
PGEs v v v v v v
Rare earth elements v v v
Tantalum v v v
Tellurium v v v
Vanadium s v e v

Gallium Zine, aluminium
Germanium Zinc

Indium Zinc

PGEs Nickel
Tellurium Copper




Strategic Minerals Groupings

Mineral/Metal Sustainability Tech Military
EVs Renewable power |Advanced steels

Chromium v v

Cobalt v v v v

Copper v v v

Gallium v v

Germanium ¥ v v

Graphite v o

Indium ¥ v

Lithium v v v

Manganese v v v

Molybdenum - v v

Mickel v v v v

Niobium — v v

PGEs v

Rare Earth Elements o m v

Tantalum — ¥ v

Tellurium ¥

Vanadium ¥ ¥ v

Batteries for EVs

Solar panels

Wind turbine
generators

O
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Commodity Shifts for Sustainability

Metal or mineral

Reason for growth potential

Lithium

Graphite Battery ingredients, esp. for electric vehicles. Relative demand for cathode metals (Mn, Ni, Co) will depend on preferred battery
» [Manganese chemistry. Nickel Manganese Cobalt (NMC) has been preferred cathode type recently but trend has been to reduce Co ratio in
g Nickel NMC batteries. Other alternatives like Nickel Cobalt Aluminum (NCA) and Lithium Iron Phosphate (LFP) also being pursued.
2 |Cobalt
-:_..Eu Niobium Steel strengthening ingredient, reduce steel weight for given function (reducing associated emissions).
g Vanadium Steel strengthening ingredient, reduce steel weight for given function. Future battery applications.
& Copper Increased intensity for electric vehicles and renewable power installations.

Uranium MNuclear power plant fuel — particularly growth in China and India, but uncertainty on nuclear power risks post Fukushima.

Rare Earth Elements Renewable electricity - magnets for wind turbines. EV drive trains.

High quality iron ores | Those compatible with future low-emissions steelmaking (e.g. hydrogen fired direct reduction shaft furnace).
" Metal or mineral Reason for potential demand reduction
E Thermal coal Carbon pricing, emissions reduction mandates, e.g. Europe; cancellation/curtailment of coal power plant expansions in Asia.
% Metallurgical coal Potential steelmaking technology developments allowing substitution with hydrogen/natural gas. Recycling, dematerialization.
t |Low quality iron ores Poorer quality iron ores require carbon intensive processing via traditional sinter-plant-blast furnace-BOF steelmaking route.
g Platinum Group Metals |Drop in catalyst demand from ICE vehicles may exceed growth in demand for fuel cells

Lead

Eventual substitution of internal-combustion engine automobile battery applications with Li-based EV batteries.




Reducing Steel GHG Emissions

e Steel by far the most important metal and highest GHGs

e Reduced GHG intensity of steel production

o Recycled steel (EAF technology) instead of from iron ores (blast furnace-BOF - primary)

o  Substitution of metallurgical coal with natural gas or hydrogen in primary steelmaking

e Dematerialization

o Smaller weights of advanced steels — improved steel properties from alloying

: Strategic/Critical
o (_Cr, Mn, Mo, Nb, Ni, V Minerals

o High Strength Low Alloy (HSLA), Stainless steels




Copper

e Most important metal after steel
e Underpins clean technology - electrical uses

e Two main deposit sources

o Oxide deposits — sulfuric acid leaching, solvent extraction, electrowinning to make Cu cathode

o Sulfide deposits — crushing, grinding, flotation, smelting, electrorefining to make Cu cathode

e High capital cost to bring new mines into production — falling ore grades
leading to larger and larger scale projects

e Water and tailings management are the main environmental challenges



Copper Mine Supply

The World Copper Factbook 2019

Copper Mine Production by Country: Top 20 Countries in 2018
(Thousand metric tonnes copper)
Source: ICSG

Chile

Peru

China
United States
Congo
Australia
Zambia
russian fed.
Mexico
Kazakhstan
Indonesia
Canada
Poland
Brazil

Iran
Mongolia
Spain
Myanmar
Laos
Bulgaria

0 1,000 2,000 3,000 4,000 5,000 6,000

Chile accounted for almost a third of world copper mine production in 2018 with mine output of 5.8 million tonnes copper. Peru, which
has seen a sharp increase in output since 2015, accounted for 12% of world mine production.

International Copper Study Group 12
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South America dominates — mostly

copper in sulfide concentrates

(~25% Cu)



Refined Copper Production

The World Copper Factbook 2019

Refined Copper Production by Cf:nuntry: Top 20 Countriesin 2018 China dominates because it
T e e oo " has by far the largest copper
e smelting capacity, treating
Soitag b copper sulfide concentrates
Russin Fed imported from Chile and
ongo
Korean Rep. Peru
Germany
India
Tambi Most refined copper
Mo production from Chile and
hustrane USA from Leach-SXEW
Kazakhstan processing of oxide ores
Canada
Indonesia
Iran
IEI 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

In 2018, China accounted for 39% of world copper refined production, followed by Chile {10%:), Japan (7%) and the United States (53:).

International Copper Study Group 24



Rare Earth Elements

HEAVY Rare Earth Elements

Wl LIGHT Rare Earth Elements He
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https://geology.com/articles/rare-earth-elements/
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Group of many chemically
similar elements with wide
range of strategic uses

Complex chemistry for refining
and separating individual rare
earth oxides

US interest is mainly due to
resource security for military
uses

Neodymium, Dysprosium and
Samarium are of main interest
for magnets used in wind power
and EV drive trains


https://geology.com/articles/rare-earth-elements/

Rare Earth Elements Mine Production
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Bayan Obo World’s Biggest REE Mine

Bayan Obo Mining Area , i ‘ |\/||n|ng since 1927

! Open-pit mine ast Orebod > "

Vi orenody PR tO/ . REE produced as a
by-product of Fe and
Nb mining

East Orebody

e et e N Major environmental

/ G, R AR bl challenges - tailings
PR Raes 2 & management, water
Bl it e quality, radioactivity

S DISTRICTIMINIER
SR DEIBAIYUN

| Tailing pond [Nl =
! Brownfields | —
Railroad to Baotou (REE
reprocessing, industrial
manufacturing)

N

https://file.ejatlas.org/img/Con
flict/5130/Bayan_Obo_mining
area_own_map.png
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REE outside China — Lynas Corporation

Mt Weld mine in
Western Australia

LAMP refining plant
Malaysia

COMMODITIES ~ APRIL 22, 2020 / 12:19 AM / UPDATED 5 MONTHS AGO ; , R E UTE R S

Australia's Lynas wins funding for U.S. heavy rare
earths facility

By Reuters Staff 2 MIN READ f w

(Reuters) - Lynas Corp said on Wednesday the U.S. military will give it initial funding
for a heavy rare earths separation facility in Texas as part of Washington’s push to

secure domestic supply of the essential minerals that China currently dominates.

Malaysia tells Lynas to remove
rare earths radioactive waste

Decision follows an expert review of the east coast facility's

operations. It has until September to remove the waste.
fv

ALJAZEERA
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Strategic Minerals for Solar Power

Base metal Lead and Zinc Copper Nickel
Major economic Gold Platinum group
companions Silver
(revenue paid to | Cobalt
mine) Molybdenum Copper
Uranium

Minor economic Copper Zinc Silver
companions Gold Lead Gold
(generally not paid (Germanium |Selenium
to mine, revenue tc |Indium | Tellurium
refinery) Bismuth

|Antimony

|Cadmium
Deleterious (mine Arsenic
penalized) Mercury

Solar panel types
« CdTe thin film
CIGS - copper
indium gallium
selenide
GaAs — with
germanium wafer

Ingredients are
byproducts recovered
in refining — supply is
inelastic

Refining of Cu, Pb
and Zn dominated by
China



Strategic
Minerals
for EVs




Battery Ingredients for EV

e Li-ion batteries dominant

o Different cathode chemistries,
currently NMC is favored

o  Substitution shifts — e.g. changing
NMC ratio for less Co 622 to 811
and switch to new cathode
chemistries, e.g. LFP

o Lithium and graphite are key
anode materials

Guirco et al, 2019: https://link.springer.com/chapter/10.1007/978-
3-030-05843-2 11



https://link.springer.com/chapter/10.1007/978-3-030-05843-2_11

Lithium Product Forms

Western
Australia |Li concentrate i =iGIasses and ceramics I ~30% of use
[Lubricating greases | ~10% of use
Lithium hydroxide I///.
Chile 1 [ Lithium ion batteries | ~50% of use
|Lithium primary batteries I
|Lithium carbonate
/lhllcn,rs I
|Lithium chloride I/ jJ'Dther I
|Lithium metal
Slmp“fled |Dther lithium chemicals




World’s Largest Lithium Mine

Pegmatite rock
with spodumene —
Li mineral

Talison Greenbushes Mine

(Tiangi — Albemarle JV)

located near Perth,

Western Australia Crushing, grinding,
separation plant making
Li concentrate

PERTH 3{
kremantle S‘; Greenbushes Lithium
A Bunbury|\ Operations
R »

Geraldton Lechoray

. WESTERN
Indian

L
wa AUETRALIA 15

AUSTRALIA

Ocean

anpmup'Esperance

¢ Southern

Ocean

Talison-2
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Lithium Converters

* Spodumene concentrates roasted in large
kilns and leached to produce lithium
hydroxide and sodium sulfate byproduct

* Major new plants currently and recently
built in Western Australia

* Very strong long-term growth potential for
lithium ion-battery ingredients. Timing
doesn’t always work out

BASIC MATERIALS MARCH 22, 2020 / 8:00 AM / UPDATED & MONTHS AGO

£ REUTERS
China's Tiangi postpones commissioning of
Australia lithium plant amid liquidity problems



Lithium Brines

Salars of Northern
Chile and Argentina
SQM, Albemarle,
FCM, Orocobre

Large evaporation
ponds, recover Li salts
with potential potash
(KCI) by-product

§

8¢ /. Bolivia
R
Ji . ¢ \ “

A%




Nickel Supply Chain e J

Sulphide Ore Laterite Ore
(~35%) Limonite (~s|5%) Saprolite
v ¥ ¥ v
Concentrator ~ FerroNickel Plant Ni Pig Iron Plant
(~35%) Concentrates HPAL Plant (~10%) (~20%) (~35%)
e

Mixed Sulphide f
Hydroxide

Ni Chemical . Oxide Sinter
(Chemical) NI Metal (Class 1) (Class II)

v y v China
FerroNickel Pig Nickel Iron
(Class IT) (Class II)

Alloy [/ Plating [ : ;
Foundry / Others e Il Class 1 Supply

e 1 - Class 2 Suppl‘f

Batteries

https://www.conicmetals.com/ resources/presentations/corporate-presentation.pdf



https://www.conicmetals.com/_resources/presentations/corporate-presentation.pdf

Sulfide Producers

e Integrated producers, often making Cu, PGM and Co byproducts
o Nornickel — Russia
o Vale — Canada
o Glencore — Canada and Norway

o BHP Nickel West — Western Australia

e Concentrate producers selling to Chinese smelters




Example: BHP Nickel West

e Integrated complex
o Several sulfide mines

o Nickel smelter producing Ni
matte and sulfuric acid

o Nickel refinery making pure Ni
powders

e New nickel sulfate plant to
produce feed for Li-ion
battery market

ProduetFeed /
Bagging

P g
Crysimser i
(Stage 2)  PdWde? Leach
Crystalliser
M

e WE: W)
il el

7
~Aeration / ‘ »
Filtration ~ <™ &
o m L e 4

o

Powder Leach
(Stage 2)
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Laterite Leaching Plants

e Large, complex, high capital cost, controversial, fail to meet production goals

Ambatovy, Madagascar Goro, New Caledonia
34 kt Ni, 2.9 kt Co in 2019 23.4 kt Ni, 1.7 kt Co in 2019 (< half capacity)
Sherritt International wrote down $5 B Vale wrote down $ billions, sale for $1 failed.

then exited To be placed on care and maintenance.



GHG Intensity of Ni Metal Production

Renewable power will improve Nickel intensity

Tonnes CO.-e per tonne of nickel equivelent®

Sulfide producers
— ingredients for 50
batteries for EVs — resources and

low GHG intensity 0 w — 1~ process route

0% 25% 50% 75% 100% can dramatically
affect emissions

Type of mineral

200 | . Ni pig iron —

| ' very high GHG
150 intensity
100 i

Nickel West

https://www.bhp.com/-/media/documents/investors/annual-reports/2020/200910 climatechangebriefing presentation.pdf?la=en



https://www.bhp.com/-/media/documents/investors/annual-reports/2020/200910_climatechangebriefing_presentation.pdf?la=en

Cobalt — DRC is Largest Mine Producer

Central African Republic Sudan
Minerals Energy Bangul A ‘
¢ Diamonds A coal Geimena b
I : ~o~"""~
O Gold * Uranium Bumbao/ EASTERN
B Coltan A oil PROVINCS
O Copper, cobalt EQUATOR , 4
g Tin Mbandaka K 8
u Manganese 1 Democratic Ubundu¢
: Republic of LAKE
B Leadand zinc Congo phnia/ ] 0% Rwarda VICTORIA .
[ Tinregion SN Goma Conflict
9 Coltan indu ] Bukavuo  Kigali
D Copper belt @® Bandundu gdja M £ DD bura Zone
Brazzaville Eh 1lébo Ason B uj/undi
Cabinda Kinshasa Kikit N Mbandakh \\o
(Angola) + WEST EAST KASA Tanzania
. b, .
Two major Cu-Co ATLANTIC Matadi :f:j:;ﬂ BANDlmmf'shikapa agnaga ©\°@Mb”" o il
mines using leaching i . KATANGA Pmm“‘“ e
(SHABA)
technology \ o
e Ralwy Angola Kamlké“\
A Airport 9
Mutanda (care and [ Sescnashari agfcibire Cu-Co
maintenance) [_] ungte mining
ﬁ);‘;(assc v%lxln:s gmns:ﬁrgj a'zglc'zn'r:s Jeune Afrique et éditions du 0 reg | on

Katanga (expanding)



Glencore Cobalt Production

Cu Co Ni

Copper Cobalt Nickel
Application | Batteries Batteries Batteries
Solar Power Wind Power Solar Power
_ Wind Power Mobility Wind Power
1/3| of_global Mobility Electronics Mobility
supply = Electronics Grid Electronics
market power Grid

Glencore 1.37Mt 46kt 121kt
production(

Global 20.6Mt 140.5kt 2.45Mt https://www.glencore.com/dam/jc

su pply{21 r:b1255e80-aef0-4ea8-9e6d-
294382a723ab/20200902-GLEN-
Sustainability-in-Mining. pdf



https://www.glencore.com/dam/jcr:b1255e80-aef0-4ea8-9e6d-294382a723ab/20200902-GLEN-Sustainability-in-Mining.pdf

Glencore Cobalt Marketing

Responsible sourcing

18

Enabling the energy and mobility transition
- Cobalt is a key lithium-ion battery raw material,
essential for the electric vehicle and maobile
phone markets

Our cobalt hydroxide marketing strategy
Long-term supply agreements with
geographically diversified key players along the
lithium-ion battery supply chain

Our commitment to responsible production:

cfONS = Our DRC cobalt cperations will be
ff~<’ ((o independently audited each year
w agai‘mstthe"(;pbalt Refinery Supply
;;: Chain Due Diligence Standard”.
o
-\\\\\/\ - Thisstandard is defined by the

Responsible Mining Initiative (RM)

Providing security of supply to our customers
Long term availability of responsibly sourced
cobalt from a reliable supplier for our customers

Cobalt strategic long-term contracts

. ©
umicore

GVl BnE
SiRAR BINFIR

LIMITED RESOURCES UNLIMITED RECYCLING

P

SK innovation

oz

SAMSUNG SDI

29 May 2019

“Long-term revolving agreement for the
supply of cobalt hydroxide to Umicore’s
battery materials value chain”

7 October 2019
A minimum of 61,200 tonnes of Cobalt
between 2020 and 2024"

19 November 2019

“Up to 30,000 tonnes of cobalt contained
in hydroxide between 2020 and 2025. With
this contract, SK Innovation can produce
batteries for 3 million EVs"

10 February 2020
“Up to 21000 tonnes of cobalt contained in
cobalt hydroxide between 2020 and 2024"

GLENCORE

BERC’

https://www.glencore.com/
dam/jcr:b1255e80-aef0-
4ea8-9e6d-
294382a723ab/20200902-
GLEN-Sustainability-in-
Mining.pdf



https://www.glencore.com/dam/jcr:b1255e80-aef0-4ea8-9e6d-294382a723ab/20200902-GLEN-Sustainability-in-Mining.pdf
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Graphite — Syrah Resources

Balama (Mozambique) BAM (Vidalia, Louisiana)
Q ACTIVE ANODE MATERIAL (AAM)

ANODE PRECURSOR

T T
MINING CONCENTRATION ;‘J,E\L;?‘,?é PURIFICATION 532?.?;2 ngimérhr
A cvoruoccrioece
Balama Product Mix Upper Size (US mesh) Applications
Jumbo +35 Industrial {e.g. steelmkaing, iron casting, foundries, automotive parts, lubricants)
Large Flake -50 Industrial (e.g. steelmkaing, iron casting, foundries, automotive parts, lubricants)
Medium Flake -80 Industrial {e.g. steelmkaing, iron casting, foundries, automotive parts, lubricants)

Fines -100 Spherical graphite for anode in Lithium-lon batteries



Syrah Resources Graphite Strategy

Co-location with planned USA battery factories

Syrah plans to provide a co-located and ESG verifiable source of anode material supply to the USA battery supply chain China curre ntly

dominates

graphite supply

v" Increased security of critical battery and LIB precu rsor
materials market

Planned 2029 GW Planned Capacity in USA Benefits of co-location:

Bubble Size = 2029 GW Planned Capacity

v Security of supply from localised

supply chain

v" Optimisation of supply chain

management

v" Ease of co-development or
partnerships with potential local
Oftier (Location unknia) partners (governments, other supply

Farasis chain participants)

1 T Balama Flake
oo graphite
n Benchmark & YRAH RESCURCES
n a reports A s 16




Supply Chains

e \What part of the value chain?

o Geological endowment is key if a country or region is to be self-sufficient

o Metal use in manufacturing requires refining infrastructure

a1~

o Sourcing raw materials from reliable trading partners may give resource security v

e Environmental, Social and Governances (ESG) expectations rising

o Supply chain transparency — responsible sourcing initiatives including climate change, waste
management and fair labor metrics



ESG and Mining

udney Morning Herald

Rio Tinto CEO, top executives resign amid cave blast
crisis

By Nick Toscano and Hamish Hastie Rio Tinto boss Jean-Sébastien Jacques and two senior executives will be replaced after an investor
Updated September 11, 2020 — 9.55am, first

i revolt forced the mining giant's board to escalate its response to the blasting of the ancient Juukan
published at 9.46am

Gorge rock shelters.

https://www.smh.com.au/business/companies/rio-tinto-ceo-top-executives-resign-amid-cave-blast-crisis-20200910-p55uf8.html


https://www.smh.com.au/business/companies/rio-tinto-ceo-top-executives-resign-amid-cave-blast-crisis-20200910-p55uf8.html

ESG and Mining

E5G AUGUST 14, 2020 /1207 AM { UPDATED A MONTH AGO

i.: REUTERS
BHP to steer mining lobby groups' climate change

policie S MELBOURNE (Reuters) - BHP Group BHP.AX said on Friday it will closely monitor

the work of industry associations to ensure they match its climate position on keeping

the world’s warming to less than 2 degrees Celsius.

The world’s largest listed miner has faced increasing pressure from investors worried
that some mineral lobby groups, particularly in Australia, are promoting coal in

contravention of the goals of the Paris climate pact, and have urged BHP to stop

funding them.

https://www.reuters.com/article/us-bhp-climatechange-policy/bhp-to-steer-mining-lobby-groups-climate-change-policies-idUSKCN25A0SC



https://www.reuters.com/article/us-bhp-climatechange-policy/bhp-to-steer-mining-lobby-groups-climate-change-policies-idUSKCN25A0SC
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Key Takeaways

e Sustainability and resource security are major drivers in strategic mineral
demand — both quantities, product forms and location of production

e Geological, geographical influences on markets but China dominates refining

e Sustainability metrics of production can vary dramatically — deposit
characteristics, process technology and end use matter

e Rising power of ESG in setting sustainability standards in mining aligns with
focus on supplying ingredients for clean technologies

e Significant opportunities for responsible supply to meet clean tech needs



Questions?

laurie@resourcefulpaths.com

Resourceful Paths %

www.resourcefulpaths.com
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Example Trade Data - Niobium

Exporters and

I m pO rterS Exporters of Ferro-niobium (2018) (Click to Select) Importers of Ferro-niobium (2018} (Click to Select)
TRADE BY COUNTRY Total: $2.91B Total: $2.91B

United

Brazil Canada  Chjng ~ Jepen =

Year ‘ 2018

TOP ORIGIN (2018) TOP DESTINATION

eval )
$2.158 China 9.58% 71.2% 6.74%

$841M

South India
Ferro-niobium are the world's 1032nd most traded Netherlands Korea
2.52%

product. 28.9(y0 4.37%

In 2018, the top exporters of Ferro-niobium were 6.59%

Brazil ($2.15B), Canada ($279M}, Netherlands Fintand
($192M), Singapore ($177M), and Sweden ($25.7M). N etherla ndS Qi
In 2018, the top importers of Ferro-niobium were
China ($S841M), Netherlands ($521M}, United States

($310M), Japan ($210M), and Singapore ($196M). 73.80/0 6,07% 17.90/0 o

L74%

A1l a1 LI

Sweden

Singapore o1

Explore Visualizations




Lithium Supply
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Figure 19.1 — World Mine Capacity of Lithium by Type, 2000-2018
(tpy LCE and % Brine)
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s Brine  Mineral

Source: Rosklll esimates

3 Brine excluding DSO

Nemaska NI-43-101 Technical Report, 2019
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