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Seminar topic Month

Crude oil and product supply chains - Nicholas James, VIVA Energy​ Recording available online

Uranium mining and refining Recording available online

Energy commodity trading Recording available online

New energy commodities and critical minerals 10 August

Fiscal policy to support future energy commodity exports 7 September

For updates, subscribe to the MEI newsletter. Visit: energy.unimelb.edu.au 



I 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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What, Why and How: Critical Minerals

Assoc Prof Mohan Yellishetty

Co-Convener, National Industry Working Group (Critical Minerals)
Australia-India Chamber of Commerce

Co-Founder, Critical Minerals Consortium, Monash University

Mohan.Yellishetty@monash.edu

https://aicc.com.au/critical-minerals-2/
https://www.monash.edu/engineering/critical-minerals-consortium
mailto:Mohan.Yellishetty@monash.edu
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Presentation Overview

o Critical Minerals Consortium 

o Critical minerals: association, significance, and concentration

o Demand drivers: Battery storage, EVs, Electrification and 

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

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

Critical Minerals Consortium

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. 

criticalmineralsconsortium.org



Critical Minerals Consortium - Milestones

2018 Defence Science Institute funded the project: 
Evaluating Critical Raw Material Supply for Australia’s 
Defence Sector 

Yellishetty, M. and E. Y. Yuan (2019). DSI Grant Status Update: 
Evaluating Critical Raw Material Supply for Australia's Defence Sector.

Yuan, Y., M. Yellishetty, M. A. Muñoz and S. A. Northey (2019). "Toward 
a dynamic evaluation of mineral criticality: Introducing the framework 
of criticality systems." Journal of Industrial Ecology 23(5): 1264-1277.

Yuan, Y., M. Yellishetty, G. M. Mudd, M. A. Muñoz, S. A. Northey and T. 
T. Werner (2020). "Toward dynamic evaluations of materials criticality: 
A systems framework applied to platinum." Resources, Conservation 
and Recycling 152: 104532.

Yuan, Y., M. Yellishetty, S. Northey, W.-Q. Chen, M. A. Muñoz, G. M. 
Mudd and T. T. Werner (2020). Assessing Platinum and Palladium Price 
Dynamics through the Lens of Metals Criticality. Monash University.

2018 Geoscience Australia commissioned this 
report: Critical Minerals in Australia A Review of 
Opportunities and Research Needs 

Mudd, G., T. Werner, Z.-H. Weng, M. Yellishetty, Y. Yuan, 
S. McAlpine, R. Skirrow and K. Czarnota (2018). Critical 
Minerals in Australia: A Review of Opportunities and 
Research Needs, Geoscience Australia.

2019 Geoscience Australia provided support for: 
Bluecap: A geospatial model to assess regional 
economic-viability for mineral resource 
development
Walsh, S. D., S. A. Northey, D. Huston, M. Yellishetty and 
K. Czarnota (2020). "Bluecap: A geospatial model to 
assess regional economic-viability for mineral resource 
development." Resources Policy 66: 101598.

Submission to: Inquiry into the implications of the COVID-
19 pandemic for Australia’s foreign affairs, defence and 
trade

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
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Monash University   MinterEllison   AICC

Critical next steps for critical minerals

Key recommendations (for government):
• Develop a reverse perspective, identifying in detail the opportunities 

for prospective critical minerals suppliers. 
• Consider marketability of minerals in framing ESG regulations and 

processes.
• Develop the workforce and attract international talent.
• Facilitate cross-border cooperation between governments, research 

institutions and industry. 

Key insights (for government):
• Critical minerals are not necessarily ‘minerals’.
• There are many causes of minerals criticality in many complex, small 

and dynamic markets.
• The supply side for upstream critical minerals will mainly be made up 

of small and midsized enterprises.
• In framing interventions, the federal government should be cognisant

of the differences by state and region. 
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Critical Minerals

Critical Minerals (including REE) growing in 
importance in many domestic, medical, industrial and 
strategic applications because of their unique 
properties:

o Catalytic
o Metallurgical
o Nuclear
o Electrical 
o Magnetic 
o Luminescent

Building solar photovoltaic (PV) plants, wind 
farms and electric vehicles (EVs) generally 
requires a different mix of minerals than their 
fossil fuel based counterparts

(Nassar et al., 2015). 
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Critical Minerals – significance

Metals in a typical PCB 

Johnson et al. Environ Sci Technol 41, 1759-1765 (2007)
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Minerals criticality assessment - basics

Science, Economics – of CMs

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



Critical Minerals – and Geopolitics

Read: Got “critical minerals”? Hooray! But be careful! by Louis T. Wells
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Batteries 
o Li-ion [Li, Ni, Co, Mn, Graphite, High Purity Alumina] 
o Vanadium 

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

• Electrification 
o solar PV inputs (Si, Ga, Ge, In ) 
o electrolysers (Platinum Group Elements and Ti catalysts)

Critical Energy Minerals – What are they?

Figure Source: Bruce S, Delaval B, Moisi A, Ford J, West J, Loh J, Hayward J (2021) Critical Energy Minerals Roadmap. CSIRO, Australia.
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EU critical minerals and minerals mined in 1950

EU Criticality Minerals



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

Renewable Energy & Demand for CMs 

~4% GEG; ~30-35$/MWh

~7% GEG; ~32-38$/MWh



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.

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

Life Cycle Emissions of Vehicles 

34 kg per Vehicle

207 kg per Vehicle

Conventional and Electric Vehicles 



31 December 2022

Australia Critical Mineral Deposits and Operating Mines 

Fig Source: https://www.ga.gov.au/scientific-topics/minerals/critical-minerals
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Clean Energy Metals: What we have?
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Clean Energy Metals: Production Vs Processing

Data Source: IEA (2021), The Role of Critical Minerals in Clean Energy Transitions
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Recovering CRMs from Legacy Mines 
and Tailings
How we take advantage of growing opportunities 
while fulfilling rehabilitation obligations?
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Mineral Industry – Transitions
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Atlas of Australian Mine Waste – secondary perspectivity 

https://portal.ga.gov.au/persona/minewaste 

https://portal.ga.gov.au/persona/minewaste


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. 

16 MAY 2014

Nyrstar, 2014
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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).

Source: Tesla is going (back) to EV motors with no rare earth elements (electrek.co)
Source: Hina Battery Becomes 1st Battery Maker to Put Sodium-ion 
Batteries in Evs in China - Batteries News

Don’t forget that 
substitutes will 
likely come one 

day to your 
critical minerals 

market.

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/
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“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.”

What China did well besides building industry capability?

Source: http://metalpedia.asianmetal.com/metal/rare_earth/organization.shtml 

“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 

http://metalpedia.asianmetal.com/metal/rare_earth/organization.shtml
https://ministers.treasury.gov.au/ministers/jim-chalmers-2022
https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/speeches/address-australian-critical-minerals-summit-sydney


Critical Minerals International Alliance (CMIA)



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.

Minerals

Transparency

Education

ESG 
compliance

Recycling of 
legacy wastes

Collaboration

R&D Policy and 
marketing

CRMs



‘Ancora Imparo’ = ‘I am still learning’
Thank YOU!
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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:
• up to $1 billion under the National Reconstruction Fund for a Value-Adding in 

Resources Fund
• $50.5 million for the Australian Critical Minerals Research and Development 

Hub to build valuable intellectual property in critical minerals processing
• $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

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/
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Market size

Mineral commodity Australian 
critical 
minerals  
prospectus

EU critical US critical Estimated market 
size ($bn)

Notes

Iron ore 296 Useable ore
Coal (export) 20171 238 Global coal export value
Aluminium 20202 20182 228 Smelted aluminium
Copper 199 Copper metal
Gold 179 Gold metal
Nickel 2021 83 Nickel metal
Potassium Oxide 20183 68 KO2 equivalent
Lithium Y 2011 2008 22 Lithium carbonate 
PGMs Y 2011 2008 20 Platinum and palladium only
Phosphorus 2017 20 Marketable phosphate rock
Manganese Y 2023 2008 18 Manganese metal
Magnesium Y 2011 2018 17 Magnesium metal
Chromium Y 2014 2018 14 Chromite ore
Cobalt Y 2011 2008 13 Cobalt cathode
Rare earth elements Y 2011 2008 3 REE revenue 
Antimony Y 2011 2015 2 Antimony metal
Niobium Y 2011 2008 <2 Niobium metal
Tantalum Y 2011 2008 <0.3 Tantalum
Graphite Y 2011 2011 0.2 Graphite
Hafnium Y 2017 2011 <0.2 78 tonnes 

Global market size 
for ‘prospectus’ 

minerals is 
~$110bn 

Most critical minerals markets are relatively small

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

Source: PWC (2022). Mine 2022 

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

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. 

Major mining companies remain focused on other markets
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Complexities in supply chains - neodymium
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Estonia ✓

Germany ✓

France ✓ ✓

Malaysia ✓ ✓

Russia ✓ ✓ ✓

India ✓ ✓ ✓

Japan ✓ ✓ ✓ ✓

Kazakhstan Idle

United States ✓ ** ** ** Idle Idle **

United Kingdom ✓ ✓

Vietnam ✓ ✓ ✓

Other ✓ ✓ ✓ ✓ ✓ ✓

Global locations for NeFeB magnets supply chain tiers (The White House 2021).

What is 
‘critical’ here?

Referring to critical 
minerals by 

elemental names 
can be misleading
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Exploring for the Future program

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

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


https://www.usgs.gov/news/critical-cooperation-how-australia-canada-and-united-states-are-working-together-support

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



www.energy.unimelb.edu.au

CONTACT US

mei-info@unimelb.edu.au @MEIunimelb

Melbourne Energy Institute
Level 1, Melbourne Connect,
700 Swanston St, Carlton
VIC 3053

FOLLOW US

Melbourne Energy Institute
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