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What, Why and How: Critical Minerals Inerals

onsortium

| acknowledge and pay respects to the Traditional Owners and Elders - past,
present and emerging - of the lands and waters on which we live and work.
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Presentation Overview

o Critical Minerals Consortium

o Critical minerals: association, significance, and concentration

ortium

o Demand drivers: Battery storage, EVs, Electrification and

S

o Clean Energy Metals: What we have?

o Clean Energy Metals: Production Vs Processing

o Recovering CRMs from Legacy Mines and Tailings
o Mining transitions & Mega mining trends

o Substitution & Recycling

o Critical Minerals International Alliance
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o Final thoughts & Recommendations




Critical Minerals Consortium

Mission: To improve our understanding of minerals criticality and to
provide advice, ideas and expertise to assist policy makers.

Special Advisers

Expertise in critical minerals in the CMC:
Thirty researchers from Monash University,
RMIT University, Latrobe University,
University of Queensland, CSIRO, University
of Melbourne, Deakin University, University
of NSW and Federation University.

Prof Robin Batterham AQ

Kernot Professor Of Engineering,

sortium

The University of Melbourne

Founders

1 AlProf Mohan Yellishetty

Resourcas Enginesring.

Dr David Whittle

Principal Consultant at Whitlle-DG Pty Lid

Department of Civil Engineering.
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AiProf Gavin Mudd Dr Stuart Walsh
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criticalmineralsconsortium.org




Critical Minerals Consortium - Milestones
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Critical Minerals Assessment

A White Paper from the Critical Minerals Consortium

Dr David Whittle?, Associate Professor Mohan Yellishetty?, Dr Stuart Walsh?,
Associate Professor Gavin Mudd®, Dr Zhehan Weng®

Executive Summary

Critical minerals assessment (CMA) is concerned with the mineral inputs to a system, the risks of a
disruption to supply occurring, and the impacts that such a disruption would have. The focus in this
White Paper is on CMA for minerals that are input to the economy of a sovereign entity. The first
comprehensive CMA was published for the U.S. in 2008. Since then many sovereign entities have
conducted and published CMAs, particularly those with large industrialised economies that are
reliant on the importation of minerals and raw materials derived from minerals.

Australia’s main interest in CMA is as a potential supplier of critical minerals to the global market. It
sees the criticality of minerals as an opportunity. Australia is indeed a major exporter of minerals
and has the potential to increase the supply of minerals that other sovereign entities deem critical.
However, Australia’s large exports mask the fact that it is also a significant importer of minerals.
Australia’s economic exposure to critical minerals has not been examined in the same way as it has

Critical Minerals Con

v mmmcen— SUMIission to: Inquiry into the implications of the COVID- O
19 pandemic for Australia’s foreign affairs, defence and j

Agents’ Interactions
(affected by the constraints)

n

Supply Risk

Mineral
Consumers

Recommendation 1: CMA from an Australian perspective

To undertake a scoping study to determine the need for a CMA to be conducted from an
Australian economic (import) perspective. The scoping study would necessarily include an
examination of what minerals are imported to Australia, their uses in Australian industry and the

degree to which these same minerals can be produced domestically.

Given Australia’s untested exposure to critical minerals and the significant opportunity to increase
exports of critical minerals to other countries, there is a great deal to be gained by Australia
improving its own analysis of minerals criticality.

Recommendation 2: Framework for CMA and policy development in Australia
To undertake a scoping study to determine the need for Australia to adopt a framework in which

CMA should occur, with direct links to policy development.

Australia is presently involved in international efforts to determine best practices in and
standardisation of CMA such as its involvement with the International Round Table on Materials
Criticality. Given Australia’s likely ongoing interest in CMA applied from multiple perspectives, it is
recommended that such international involvement be maintained if not increased.

Recommendation 3: Continue involvement with international efforts to improve CMA
To continue or increase Australia’s involvement in international efforts to determine best

practices in and standardisation of CMA.

been for other major economies. This is a gap that should be addressed and gives rise to the first =
recommendation of this White Paper. .

Market Structures

EEE——T
Previous Criticality
Studies

P RMIT

UNIVERSITY *

Delayed Impact:

Delayed Impact.

MONASH
University



https://www.ga.gov.au/about/projects/resources/critical-minerals
https://www.ga.gov.au/about/projects/resources/critical-minerals
https://www.sciencedirect.com/science/article/pii/S0301420719306658
https://www.sciencedirect.com/science/article/pii/S0301420719306658
https://www.sciencedirect.com/science/article/pii/S0301420719306658

Critical next steps for critical minerals

: Monash University MinterEllison AICC Hr%NPélth MinterEllison. 'ﬁ’:‘,’:‘f:‘?:d
% Key recommendations (for government):
o@ * Develop a reverse perspective, identifying in detail the opportunities
for prospective critical minerals suppliers. _ o y
(©) p. P - . pp : : A response to questions raised in the Critical
() e Consider marketability of minerals in framing ESG regulations and , , _
- Minerals Strategy 2023 Discussion Paper
o) processes.
O * Develop the workforce and attract international talent. i
oy . repa
un * Facilitate cross-border cooperation between governments, research Monash Universiy | intrElion | Austalandia Chamber of Commerce
© institutions and industry.
m 4 March 2023
= ..
-i Key insights (for government):
oy e N . . Key contacts
e Critical minerals are not necessarily ‘minerals’. N
8 * There are many causes of minerals criticality in many complex, small st ks oty wowabatel
= * The supply side for upstream critical minerals will mainly be made up e _—
O of small and midsized enterprises. e e e e

David Whitfle@monash edu

* Inframing interventions, the federal government should be cognisant
of the differences by state and region.
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DON'T MOVE, or I'll fill you full of 987% lead,
1% antimony, 0.75% silver, 200 parts per million
nickel, trace amounts of cobalt, and other
components below their respective detection limits!

Wait a minute!
Are those values

Analytical Chemists in the Wild West



Critical Minerals

Building solar photovoltaic (PV) plants, wind
farms and electric vehicles (EVs) generally

g requires a different mix of minerals than their
+© fossil fuel based counterparts
= O
2 | Critical Minerals (including REE) growing in
O importance in many domestic, medical, industrial and
g strategic applications because of their unique
< properties:
| - .
) o Catalytic
= Metallurgical
e O
>
— o Nuclear
]
,— o Electrical
S o Magnetic

o Luminescent

(Nassar et al., 2015).
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Science, Economics — of CMs

Minerals criticality assessment - basics

4.50

4.00

w
i
o

Impact of supply disruption

2.00

1.50

Source: National Research Council (2008). Minerals, critical minerals, and the US economy, National Academies Press.

® Copper

® Rhodium
® Manganese
® |ndium
® Niobi
jobim ® Platinum
T_Rare Earth
Elements
® Tantalum ® Palladium
® Gallium
® Vanadium
® Titanium
® Lithium
2 3 4 5
Supply risk
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Critical Minerals — and Geopolitics

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

(=]
=]
S 2020, Lars Mot snd Fredrik Kartsson
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ortium
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To read the map: world prod for a certain The map shows that China completely  example, Sweden is not included,

* Natural rubber not included Each circle shows each country’s total (the total areas of the pie charts fora dominates the total production evenif  otherwise a major producer within the
M production of various critical minerals certain substance together make up 100  they do not produce all the critical EU of iron ore, precious metals and base
Geoluglcal and metals, calculated as a percentage  percent, still based on weight). For substances. metals.
Survey by weight. example, Brazil accounts for 92 percent  Note that this map applies to critical
of Sweden The percentages show the share of of the world's niobium production. metals and minerals. Therefore, for S LS S i s S

Read: Got “critical minerals™? Hooray! But be careful! by Louis T. Wells
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Critical Energy Minerals — What are they? shlilieitEl 2 ol Aol

durable materials are the building blocks of a net zero Frame:
future, and to be truly circular we need to focus on -

both how they are produced and how they are used. ‘ Lithium

Batteries [&] Nicke!

. e . . . . . . @ MMan anese
o Li-ion [Ll, Ni, Co, Mn, Graphite, High Purity Alumina] ’ Cobjt
o Vanadium o] cacmior [E] S
H Tellurium Vanadium

@ Molybdenum

* Electric Vehicles (rare earths for EVs and wind turbines, magnesium for alloys) Selam

Semi-Conductors:

Germanium . Boron

. . @ Gallium <Z> IEI Phosph

+ Electrification :_Idium [5] siicon
o solar PV inputs (Si, Ga, Ge, In) 5] sveor Energy Storage:

. . : Aiuminium @Titanium
o electrolysers (Platinum Group Elements and Ti catalysts) Trarien:  |yg] Msgresium

3 & 122 13 4 15 2 2 24
i C Mg Al Si P Ti V Cr

Mnhn Co Ni Cu Pr Nd Tb Dy Pt
Mangomese Gt el Coper  Pacodmim  Neogmum  Tebum  Oyprosum Pl

Figure Source: Bruce S, Delaval B, Moisi A, Ford J, West J, Loh J, Hayward J (2021) Critical Energy Minerals Roadmap. CSIRO, Australia. B
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EU Criticality Minerals

EU critical minerals and minerals mined in 1950

1 2 3 4 5 ] T 8 o 10 11 12 13 14 18 18 17 18
1 2
1 H He
T B 10
5 D B N (8] MNe
11 16 17 18
3 Na 0 ; z s Cl Ar
13 20 24 25 26 28 23 30 33 34 35 3G
4 K Ca Cr Mn Fe Ni Cu Zn e As Se Br Kr
37 L g 40 4 42 43 & 47 48 g 50 52 8532 54
5 Rb Zr b Mo Tc R R Pd Ag Cd Sn b Te | Xe
85 B 75 B B T3 a0 81 B2 E4 ES ==
8 Cs = Re O P Au Hg TI Pb = FPo At Rn
a7 a8 B89 104 105 106 107 108 108 110 112 113 114 115 116 117 118
T Fr Ra Ac Rf Db Sg Bh Hs it Uun Uuu Uub Uut Uug Uup Uuh Uus Uuo

Adapted from {Lemiere 2012) with additional infoermation from:

cal Mined in
(EU 2020)& 1950 - Mon-stable isotopes (Johnson 2017)

- EU critical minerals 2020 [European Commission 2020)

1 Borate (boron-oxygen compound) is listed as critical to the EU.

2 Matural graphite and coking coal are listed as critical to the EU.

# Fluorspar (CaFz) is listed as critical to the EU.

4 Bauxite is listed as critical to the EU.

5 Phosphate rock is listed as critical to the EU.

% Baryte (BaSOa) is listed as critical to the EU.

7T Mon-stable isotopes / human synthesis. Source: lohnson, J. (2017). "Origin of the Elements in the Solar System." Science Blog from the Sloan Digital Sky Surveys
http:/fblog.sdss.org/2017,/01/09/origin-of-the-elements-in-the-solar-system, Accessed 2 Jul 2021 2021.

% Source: European Commission (2020). Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability. Brussels.
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Renewable Energy & Demand for CMs

~4% GEG; ~30-355/MWh

.S , Solar PV 30
S
(@)
(Up)
-
O
U Onshore wind
L,
©
GC) ~7% GEG; ~32-38S/MWh
>
e Offshore Wind
©
O
-
opom .
@) 0 4000 8000 12000 16000
kg/MW

mCu mZn mNi »Mn mCr mMo mSilicon mCo mREE

Data Source: [EA (2021), The Role of Critical Minerals in Clean Energy Transitions, IEA,



EVs vs their Conventional Cousins: a Driver of Critical Mineral Demand

A typical electric car requires 6x the mineral inputs of a conventional internal combustion
engine car.

Ic E“ginge VEhiCIeI
T T T T T T
ECu ®mMn =Ni =Li mCo ®Graphite
34 kg per Vehicle
Hybrid Vehiclefijl 9 12

Conventional Car

Electric Car

-15 -5 5 15 25 35 45 55
0 20 40 60 80 100 120 140 160 180 200 220 tCO2-E
kg/vehicle m Battery Manu mVeh Manu mFuel/Elect Prod Tailpipe Emmi ®mMaintenance mEoL

S
=
.
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-
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Conventional and Electric Vehicles _ o )
Life Cycle Emissions of Vehicles

Data Source: IEA (2021), The Role of Critical Minerals in Clean Energy Transitions Data Source: Polestar and Rivian Patheway Report (2023)
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Australia Critical Mineral Deposits and Operating Mines

Australia is a reliable and responsible
supplier of battery minerals, with economic
resources increasing in 2021.

Australian battery

minerals 2021

ELECTRIC CAR SALES ARE RECORD PRODUCTION IN 2021 UP
CREATING DEMAND FOR
LITHIUM 15 KILO-

53

AND OTHER
BATTERY MINERALS

TONNES

COMPARED

TO 2020 %

A\

(55 KILOTONNES)

OF WoRLp propUCTO™

000000

AUSTRALIA IS NUMBER 1 O
FOR LITHIUM PRODUCTION

IN 2021, AUSTRALIA HAD SPODUMENE
IN THE :
AL OPER aTNG CONCENTRATE
' LITHIUM MINES RGeS
: INCREASED FROM
29"
OF THE WORLD'S . A ‘
ECONOMIC RESOURCES :
: ; A$626 A$1,295
] i TONNE TONNE
AUSTRALIA'S ECONOMIG ) i (2020) (2021)
LITHIUM RESOURCES : i
INCREASED BY : ‘ 7
i AND STARTED REFINING :
| BATTERY CATHODE ;
9% i PRECURSOR LITHIUM ‘ N
i HYDROXIDE { AND EXPORT SE—
{ WITH MORE | EARNINGS | E—
(TO 6,700 KILOTONNES) ' REFINERIES ! REACHED [ )

-Critical Minerals

IN THE PIPELINE C

| %16 BILLION

v VANADIUM CO COBALT M n MANGANESE c GRAPHITE
P

FOR WORLD FOR WORLD FOR '

RESOURCES RESOURCES PRODUCTION E

31% SHARE 20% SHARE 11% SHARE ‘

Australian % Australian % is an emerging
resources 1 0 resources 6 industry, and is used

are up are up as an anode in batteries

Fig Source: https://www.ga.gov.au/scientific-topics/minerals/critical-minerals

T T
120° 130° 140’
Australian critical mineral deposits and operatmg mines

Urguhart {
0 750 km
e —|

Cape Flattery

Mount Carbine

Cummins [1 7
Range ;

Woodie Woodie

Boonanarring BERTH %

Mount Cattlin Balranald

Mindijup

Greenbushes

Project status, as at 31 December 2022
() QOperating mine
4 Mine - under dev
] Mineral deposit
Mineral deposits included contain reported critical mineral resources

Background image: 1:1 million snﬂb Sumim Geofogy of Austrafia (2012) with
(g9 ical di of total magnetic intensily).

i

care and

B~ I CAeERRA, ACT

T
150°

100

400

SRF97692-1

e O0C0@e® @0@ 0OCOO0CROO0COO®S®OEO

Commodity type

Aluminium (HPA)

Antimony

Bismuth, +/- Cobalt, +/- Indium
Chromium, +/- Cobalt, +/- PGE
Cobalt

Scandium, +/- Cobalt, +/- PGE
Graphite

Helium

Indium

Lithium, +/- Tantalum, +/- Niobium
Magnesium

Manganese ore

Heavy Mineral Sands (HMS) - Titanium,
Zirconium

HMS - Titanium, Zirconium, REE
Rare Earth Elements (REE)

REE, Zirconium, Niobium, +/- Hafnium,
Lithium, Tantalum, Gallium

Rhenium

Silicon

Tungsten

Titanium

Titanium, Vanadium
Vanadium

31 December 2022

Pilatinum Group Elements (PGE), +/- Cobalt



SO

-
O
O
2,
©
| -
)
=
2>
I
O
=
=
O

Clean Energy Metals: What we have?

250
Country Reserves of battery materials as a percentage of global Reserves
200
m Lithium m Cobalt ® Manganese @ Vanadium ®lronore  m Nickel
= 150 mCopper  mBauxite  mGraphite  ®Rare earths ®limenite  mRutile
2
=
<]
o
S 100
50 I I
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Clean Energy Metals: Production Vs Processing

Lithium Proc | 5 e
LithumProd s S e—
REE Proc |
REE Prod | e
Co Proc |
CoProd |

N o
NiProd B

Cu Proc |1
Cut Prod s s

0 10 20 30 40 50 60 70 80 90 100

® China = Chile ®mIndonasia mUSA mDRC # Australia ® Peru = Russia ® Myanmar = Philipins = Finland = Others

Data Source: IEA (2021), The Role of Critical Minerals in Clean Energy Transitions



Recovering CRMs from Legacy Mines minerals MDPI
and Tailings

Article
~ How we take advantage of growing opportunities A Geospatial Database for Effective Mine
while fulfilling rehabilitation obligations? Rehabilitation in Australia

Tim T. Werner !, Peter M. Bach 234, Mohan Yellishetty **, Fatemeh Amirpoorsaeed %3,
Stuart Walsh ¢, Alec Miller ¢, Matthew Roach ¢, Andrew Schnapp ¢, Philippa Solly ¢,
Youming Tan 4, Chloe Lewis 4, Ehren Hudson ¢, Kim Heberling ¢, Thomas Richards ¢,
Han Chung Chia ¢, Melissa Truong ¢, Tushar Gupta ¢ and Xiaoling Wu 4

OLD M I NES ! School of Geography, University of Melbourne, 221 Bouverie Street, Carlton, VIC 3053, Australia;

tim.werner@unimelb.edu.au

£
=
5
(@)
1)

2 Swiss Federal Institute of Aquatic Science & Technology (Eawag), 8600 ZH Diibendorf, Switzerland;

M I N E peter.bach@monash.edu
REHABILITATION

3 Institute of Environmental Engineering, ETH Ziirich, 8093 Ziirich, Switzerland
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Crustal Enrichment
Concentration deposn Factor

Mineral Industry — Transitions
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Grade

Minerology

Aluminium 8% 30%

Iron 5.8% 60% x10

Copper 55 ppm 1% x 180

Nickel 72 ppm 1% x 140

Zinc 82 ppm 1% x121

Uranium 1.6 ppm 3.4% x 21250
35 Lead 10 ppm 1% x 1000

‘@ Platinum 5 ppb 5 git x 1000

@) Gold 4 ppb 5 git x 1250
()

Depth

25 || =4=Cr  ==m=Ni e=rv=Mn

— i\ =O=Mo

N
o

Production index (Relative to 1950)
5

& Q
Neepe)

2
Ko Dou s e

X

Deep Deposits

Cost

4

—— Copper (%Cu)
Gold (g/t)
X Lead (%Pb)
©  Zinc (%zn)
] O Uranium (kg/t Us0g)

(Ag, 1884 - 3,506 g/t)
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m} = = - Diamonds (carats/t)
+ Silver (g/t)
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Atlas of Australian Mine Waste — secondary perspectivity

Au lian G i &
Australian Government - ptlas of Australian Mine Waste

Geoscience Australia

About ) Layers # Location Search @  Data & Publications fi§

Resources Tasmania.

HE UNIVERSITY
EENSLAND

® RMIT

UNIVERSITY

Legend

Associated Deposit Commodity
@ Precious metals (Au, Ag, PGE)

E‘Copper
[mf] Batiery / alloy metals (i, Co, Mn, V, Mo, Cr)
[zl Base metais (Pb, zn)

sortium

NEW WAYS TO PRODUCE CRITICAL MINERALS

@Coa\

%‘mofe Robin BATTERHAM'™, Ranjith Pathegama GAMAGE? and Mohan YELLISHETTY?
Bauxite

%Eﬁ:m . Faculty of Engineering and Information Technology, The University of Melbourne, Victoria

3010 Australia
2Department of Civil Engineering, Monash University, Clayton, Victoria, 3800, AUSTRALIA.

] other Metals (incl. Sn, w)
@Mineralsanus
IEIRare Earths

@Uramum

[cA| other commadities / unknown *Corresponding author: r.batterham@unimelb.edu.au

Waste Types

Waste Type Description

tailings Waste or residue produced from a mineral processing
plant.

ABSTRACT

cobbing waste  Waste resulting from the sorting of a coarse material (e.g.
through beneficiation).

Ongoing geopolitical challenges and the acceleration of the world energy transition makes the supply
and production of critical minerals ever more urgent. Given the critical role of copper we would add this

magnetic- \Waste resulting from magnetic separation, a process based to the more than 70 minerals identified as “Critical“.
separation on the difference in magnetic susceptibility between
tailings minerals

{00 S| The paper reviews some of the recent advances in leaching which are applicable to many of the common
critical minerals. We build on this to propose a novel method of sustainable mining and production that
could obviate the classic downsides of conventional mining and mineral processing, viz the production
of large quantities of solid waste. Copper alone currently produces over 2000 M t/y of tailings.
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https://portal.ga.gov.au/persona/minewaste

Our proposal is to target in-situ leaching with the novelty being a new way to break rock in place not
using commonly used water fracking. One of the authors has developed and patented a “Slow Releasing
Material Agent (SREMA) that could be injected from boreholes to target zones to break the rock to the
required size. This has been tested in the laboratory at temperatures and pressures equivalent to those
found deep underground.

The approach may also be applicable to heap leaching and the recovery of critical minerals from waste
piles and tailings storage facilities.

Key words: critical minerals, in situ leaching, in situ rock breakage
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Coproduction

The production of many critical minerals is dominated by co-production. This sets
up what is known as “cross-elasticity of supply”, making markets less efficient.
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Substitution & Recycling

‘Ideal’ markets need short-term substitutability. This is difficult.
In the long term — substitutability can be disruptive (but will contribute to efficient markets,.

Hina Battery Becomes 1st Battery Tesla is going (back) to EV motors with no

Maker to Put Sodium-ion Batteries rare earth elements
in Evs in China “ Jameson Dow | Mar 12023 - 3:23 pm PT | [E 25 Comments Donlt forget that

e Ll substitutes will
likely come one
day to your
critical minerals
market.

1m~va:

e

1 R ’%i

= i\ i

Tesla will create a permanent magnet electric vehicle motor with zero rare earth elements in it,

the company announced at its Investor Day today.

Source: Hina Battery Becomes 1st Battery Maker to Put Sodium-ion

Batteries in Evs in China - Batteries News Source: Tesla is going (back) to EV motors with no rare earth elements (electrek.co)
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https://electrek.co/2023/03/01/tesla-is-going-back-to-ev-motors-with-no-rare-earth-elements/
https://batteriesnews.com/hina-battery-becomes-1st-battery-maker-put-sodium-ion-batteries-evs-china/
https://batteriesnews.com/hina-battery-becomes-1st-battery-maker-put-sodium-ion-batteries-evs-china/

What China did well besides building industry capability?

“The Chinese Society of Rare Earths (CSRE) founded in 1980:

“The CSRE is a scientific and technological researchers’ organization There are more than 100,000
registered experts in CSRE, which is the biggest academic community on rare earth in the world.

Besides serving for the government and researchers on the science and technology of rare earths, CSRE
provide a stage for rare earth scientists to exchange their research ideas, propose scientific and technical plans
on fundamental and applied fields on rare earths, as well as rare earth R&D plans for the industry. CSRE

is, therefore, the most important social force in developing the rare earth science and technology in China. It
organizes the International Conference on Rare Earth Development and Application once every four years, and
Annual Meeting once every two years periodically. There are 15 subcommittees in CSRE, which cover almost

every R&D field on rare earth. http://metalpedia.asianmetal.com/metal/rare earth/organization.shtml
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“When you think that between 2015 and 2019, China filed more than 11,000 patents in critical minerals
extraction and processing, five times more than the second largest filer, 10 times more than Australia” -
The Hon Dr Jim Chalmers MP

https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/speeches/address-australian-critical-minerals-summit-sydney 25
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Critical Minerals International Alliance (CMIA)

Govt dept members — Aus, India, US, Japan, UK, Korea — Fund and Appoint

W

Board members industry and research reps — Aus, India, US, Japan, UK, Korea

N

CEO and management team

NS

Exploration and technology

priority minerals and the projects that
will support their production

N

Advisory members

Business Advisors, Research Institutes
and Government Departments

m Critical Mining and Rare Earth mining
companies

m Other Mining companies yet to mine
critical minerals in Australia and India

m Advanced manufacturing companies

m Scientists and Research bodies in

m Technology and automation

N NS

Markets andinvestment

supply/demand ratios and pricing
supply guarantee and offtake
agreements and joint partnerships

Government and regulation

royalties, intellectual property (IP),
foreign investment and tariffs review
and reform

N N

Member organisations
Australia India Chamber of Commerce; American Chamber of Commerce in Australia;

Australia Japan Business Cooperation Committee; Confederation of India Industry;
Minerals Council of Australia, and Australasian Institute of Mining and Metallurgy

N

Beneficiaries:

m Mining industry bodies in regions
mining including universities and eg.Ministry of Mines in India,
government funded departments, eg.
Monash, Geoscience Australia, CSIRO

and counterparts in India and Japan

m Member bodies eg. International
Chambers

m Consultants and advisors in setting
up partnerships, project and funding

dexiopsts lokminngand access advice, IP sharing etc

manufacturing



Summary & Recommendations
« Dynamic criticality assessment of minerals for Australia and its trading partners and be open to
work with partners
« Sovereign interference remains a significant risk.

 Implementation of collaborative framework, both national and international for evaluation and
recoveries of CRMs from legacy waste streams.

* Incentivize smelters and refineries to recover CMs that are needed for energy transition and catch
before they end up in tailings dam

« Training and upskilling of workforce to promote large-scale operation to high ESG standards.

« Targeted support from governments and stakeholders for a CMIA, including research and
development, IP libraries, and technology transfer and planning.
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‘Ancora Imparo’ = ‘'l am still learning’
Thank YOU!

P4 MONASH
¢ %y University
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Learn more at www.MineralsEducationCoalition.org
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Some Good News

Furthermore, in the October 2022-2023 budget, the government announced it will
invest in research and development, build our mid/downstream processing
capabilities and diversify Australia’s existing critical minerals supply chains
through:

e up to $1 billion under the National Reconstruction Fund for a Value-Adding in
Resources Fund

e $50.5 million for the Australian Critical Minerals Research and Development
Hub to build valuable intellectual property in critical minerals processing

o $50 million for the Strategic Critical Minerals Development Program (CMDP)
to assist critical minerals’ producers progress strategically significant projects.
The CMDP will provide competitive grants over three years to support early
and mid-stage critical minerals projects. The program builds on the A$49.7
million already committed to six projects under the CMDP in mid-2022
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https://budget.gov.au/2022-23-october/content/overview/download/budget_overview.pdf
https://miningmagazine.com.au/50m-grant-spend-for-six-critical-minerals-projects-2/
https://miningmagazine.com.au/50m-grant-spend-for-six-critical-minerals-projects-2/

Market size

Most critical minerals markets are relatively small Global market size

for ‘prospectus’

minerals is
Mineral commodity Australian Estimated market ~$110bn

critical size (Sbn)
MITEELS
prospectus

14

.
(©)

;) [Ironore | Useable ore
C 20171 238 Global coal export value
o) | Aluminium | 20202 20182 228 Smelted aluminium
@) 199 Copper metal
[God ] 179 Gold metal
1) [ Nickel 2021 83 Nickel metal
© 20183 68 KO2 equivalent
qh) Y 2011 2008 22 Lithium carbonate
- pgMs 00000 ] Y 2011 2008 20 Platinum and palladium only
= 2017 20 Marketable phosphate rock
Z Y 2023 2008 18 Manganese metal
N Y 2011 2018 17 Magnesium metal
«© Y 2014 2018 14 Chromite ore
o Y 2011 2008 13 Cobalt cathode
i Y 2011 2008 3 REE revenue
" Y 2011 2015 2 Antimony metal
@ | Niobium | Y 2011 2008 <2 Niobium metal
Y 2011 2008 <0.3 Tantalum
| Graphite | Y 2011 2011 0.2 Graphite
| Hafnium | Y 2017 2011 <0.2 78 tonnes

1. Coking coal
2. Bauxite/Aluminium
3. Not included in subsequent years
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Barriers to Entry [x

Major mining companies remain focused on other markets

m

Top 40 revenue-based commodity mix

Major mining companies remain
focused on the much larger and mature
markets for coal, iron ore, copper and
gold.

US$545bn UsS$719bn US$833bn

ortiun

S

This implies critical minerals industries
will need to be able to thrive with small
and mid-sized companies on the supply
side.

Lack of price discovery complicates
financing.

2020 2021 2022 forecast
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M Gold M Coal M Other critical minerals M Iron ore M Copper M Others

Note: Other critical minerals of 9% includes nickel, aluminium, palladium, platinum, lithium and cobalt.
Others of 12% includes a variety of commodities, such as diamonds, rhodium, potash and zinc.

Source: Company annual reports, PwC analysis

Source: PWC (2022). Mine 2022 31




Complexities in supply chains - neodymium

Separation to REO

um

Country

Mixed
chemical
compounds
NeFeB
sintered
magnets

What is
‘critical’ here?
Referring to critical
minerals by
elemental names

o
(©)
1)

o
O
",
©
) Germany can be misleading
- v
.i Malaysia v
v v v
© v v v
— v v v v
.: Idle
U United States v *x * * Idle Idle *x
United Kingdom N N4
Vietnam v v v
v v v v v v
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Global locations for NeFeB magnets supply chain tiers (The White House 2021).



Exploring for the Future program
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https://www.ga.gov.au/eftf



https://www.ga.gov.au/eftf

a USGS

science for a chamging world

Critical Cooperation: How Australia, Canada and the United States are
Working Together to Support Critical Mineral Discovery
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Critical Cooperation

How Australia, Canada and the United States are Working Together to
Support Critical Mineral Discovery
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https://www.usgs.gov/news/critical-cooperation-how-australia-canada-and-united-states-are-working-together-support
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Use of Energy Transition Minerals

| -.: NMC811 NMC523 NMC622 .NCA+ -LFP
‘%E Nickel (80%) Nickel (50%) | Nickel (60%) Nickel Cobalt Lithium iron
o) Manganese  Manganese | Manganese  Aluminum phosphate
) (10%) Cobalt  (20%) Cobalt | (20%) Cobalt Oxide
CC) | (10%) (30%) (20%)
O | &/ LITHIUM Kb 1KG 6KG 6KG 6KG
(—Ué (& COBALT 6KG 11KG 11KG 2KG 0KG
E i~ NICKEL 39KG 28KG 32KG 43KG - OKG
'i & MANGANESE 6KG 16KG | 10KG 0KG | 0KG
o 4 GRAPHITE  45K6  53KG  50KG  44K6 | 66KG
.8 /% ALUMINUM | 30KG 35KG6 33KG 30KG 44KG6
O & COPPER 20KG 20KG 19K6 17KG 26K6
A7 STEEL 20KG | 20KG | 19KG | 17KG 26KG
& IRON 0KG 0KG 0KG 0KG 41KG
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