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Critical and strategic minerals 

Critical and strategic minerals are central 
to the global energy transition, digital 
technologies and national security.  
The Sustainable Minerals Institute (SMI) 
at The University of Queensland is 
working with industry, government 
and communities to strengthen critical 
mineral supply and manage social, 
environmental and governance risks  
as the sector grows. 

SMI applies deep knowledge of ore deposit  
field and drill core samples, and integrates electron 
microscope -based mapping, Laser‑Induced 
Breakdown Spectroscopy (LIBS) and drone‑mounted 
hyperspectral imaging to identify, map and evaluate 
critical and strategic mineral resources. 

We are advancing mineral‑processing 
innovations, including coarse particle flotation 
and high‑voltage pulse (HVP) pretreatment 
techniques, aimed at reducing energy use, 
water consumption and waste generation.

SMI’s research also focuses on environmental and social 
responsibility, including reducing and re‑using mine 
waste, and supporting a just transition for communities 
as critical minerals mining expands and demand for 
other commodities declines.

These capabilities enable SMI to address the diverse 
challenges arising across the critical and strategic 
minerals supply chain—from exploration and  
processing to environmental management,  
social responsibility and governance.

About The Sustainable  
Minerals Institute (SMI)

SMI is the world’s largest co-located interdisciplinary 
research institute focused on minerals and resources. 
Through its seven specialist research centres, 
international centre SMI Chile and technology transfer 
company JKTech, SMI works to have a positive impact 
on global mining and sustainability challenges.  

SMI delivers:

•	 Integrated, research driven solutions to advance 
industry best practice.

•	 Research driven training and higher degrees  
by research.

•	 Innovation for a sustainable future.

Top 5
UQ is consistently ranked in top 5 in the  
world for mining and mineral research.

300+
SMI has over 300 researchers working to  
solve mining and mineral related challenges.

600+
SMI has partnered with over 600 industry, 
government and civil society organisations.

5+
SMI delivers research and training in South 
America, Europe, Africa, Asia and Australia.



Our approach

1	 Geology and characterisation

•	 Using advanced geochemical characterisation 
to identify potential resources of copper, cobalt, 
indium, antimony and rare earth elements in 
Australia’s primary resources and mine waste.

•	 Using drone-mounted hyperspectral imaging for 
mapping, identification and sorting resources.

•	 Using Laser-Induced Breakdown Spectroscopy 
(LIBS) to detect and quantify lithium, indium and 
other critical elements that can’t be picked up using 
X-Ray Fluorescence (XRF).

•	 Using the Australian Synchrotron’s XFM beamline for 
cobalt and indium mapping.

2	 Mineral processing

•	 Predicting mineral behaviour during  
processing via advanced characterisation  
techniques and modelling.

•	 Using high voltage pulse (HVP) and similar 
technologies for pre-weakening and improved 
liberation and ore sorting.

•	 Forging collaborative research alliances between 
major mining companies to develop new separation 
technology for enhanced mineral extraction. 

3	 Environmental management

•	 Developing advanced, sustainable water 
management solutions to address critical  
scarcity issues.

•	 Developing tools for understanding and predicting 
geochemical processes, which underpin sustainable 
management of waste rock dumps, mineral 
processing tailings and final voids. 

•	 Working with communities to develop  
post-mining land uses.

4	 Social responsibility

•	 Investigating and highlighting the risks many 
communities are facing as critical minerals 
operations scale up and how the idea of  
‘just transition’ will play out on the ground.

•	 Shaping international critical minerals governance 
and community engagement policy, through 
research, policy analysis, teaching, and  
multi-stakeholder dialogue processes.

5	 Integrated systems based  
	 risk and impact analysis 

•	 Causal Network Topology Analysis (CaNeTA): a risk 
management method that models and analyses the 
risk landscape of an operation or project as a set 
of causally interconnected events, complementing 
existing processes.

•	 Human Factors: focusing on human aspects of 
automation, human-systems integration, hazard 
awareness enhancement and assessment, designing 
for diversity and inclusion, worker-centred design of 
safer, healthier and more attractive work. 

•	 Critical Control Management: identifying critical 
controls, assessing their adequacy, assigning 
accountability, verifying effectiveness in practice.

SMI’s approach to critical and strategic minerals integrates technical innovation 
with environmental and social responsibility across the supply chain. 

Technical innovation must be 
matched by environmental and 
social responsibility across the 
critical minerals supply chain.



Impact highlights

Strong government 
partnerships

•	 Partnering with James Cook and Curtin Universities 
on a multi-million-dollar four-year project with 
universities and industry working together to build 
commercialisation in Australia’s critical mineral 
supply chain—part of the Australian Federal 
Government’s Trailblazer scheme.

•	 Partnering with the Queensland Government to 
undertake research which drives identification, 
discovery and development of critical minerals  
in the State. 

•	 Funded by the Australian Department of Education 
to support the development of skilled workforces  
in the critical minerals sector in Latin America 
through the design and delivery of mine safety  
and sustainability training.

FlexiLab: Upscaling mineral 
processing for critical and  
strategic minerals 

•	 Designed the Future Industries Hub FlexiLab at the 
Resources Centre of Excellence (RCOE) in Mackay. 

•	 A common-use facility to test the commercial 
viability of processing critical minerals such as 
cobalt, nickel, zinc, vanadium, molybdenum, silica, 
alumina and rare earth elements.

•	 SMI has also worked with key vanadium companies 
in Queensland’s Northwest Mineral province 
to improve vanadium ore yields through novel 
separation solutions. 

Mine waste reuse

•	 Applying geometallurgical tools to characterise 
Australia’s existing mine waste to find new resources 
of several critical metals.

•	 Working with geological surveys across Australia 
SMI researchers contributed to the Atlas of 
Australian Re-mining Potential which mapped the 
presence of critical metals at waste sites.

•	 Working with teams across UQ to research and 
consider their re-mining potential and metal 
extraction options where significant resources  
have been identified.

Shaping international  
critical minerals governance and 
community engagement policy, 
through research, policy analysis, 
teaching, and multi-stakeholder  
dialogue processes.
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Collaborative Consortium  
for Coarse Particle  
Processing Research

•	 As the demand for copper and other base  
metals increase improved mining and  
processing technologies are needed to help  
mining operations achieve this while also  
becoming more sustainable and reducing  
their environmental, water and energy impact.

•	 One promising area is coarse particle flotation 
to aid in higher plant throughput, lower energy 
use, improved water recovery, reduced Acid Mine 
Drainage, increased metal recovery, and even access 
previously unviable ore deposits.

•	 SMI established the Collaborative Consortium 
for Coarse Particle Processing Research to bring 
together expertise, reduce duplicated work, and 
create shared value for all industry participants.  
The consortium ran for 5 years initially and was then 
extended in 2025 for another five years with several 
more mining partners coming on board.

Towards a  
just transition 

•	 SMI researchers identified communities under 
pressure from mining activity by mapping critical 
minerals alongside social and economic data.

•	 Their study highlighted that some of Australia’s most 
disadvantaged areas host the highest number of 
critical minerals mines and mineral deposits which 
is important for policy makers and industry to 
understand and address to ensure shared benefit for 
communities from mining projects.

•	 The methodology has application in other  
nations with reliable geological survey data,  
project development information, and national 
population statistics. 


