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Tailings and mine  
waste management 

The management of mine waste is one 
of the most pressing challenges facing 
the global mining industry. Each year, 
approximately 100 billion tonnes of 
waste—including tailings, waste rock,  
and slag—are generated worldwide. 

As the transition to a low carbon future becomes 
more complex and population growth drives increased 
demand for minerals, the volume of mine waste is 
expected to rise significantly. Compounding this issue, 
ore bodies are becoming more difficult to access, and 
mining operations must now navigate increasingly 
stringent environmental and safety regulations.

The Sustainable Minerals Institute (SMI) at The 
University of Queensland is at the forefront of 
research into tailings and mine waste management. 
Our work spans the entire mine lifecycle, with a focus 
on developing sustainable and resilient ecosystems 
on waste streams, constructed landforms, and post-
mining landscapes. 

Our efforts are reshaping how 
the mining sector approaches 
waste—turning liabilities into 
opportunities for environmental 
restoration, resource recovery, 
harm prevention and  
community benefit.

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

Through interdisciplinary research and industry collaboration, SMI is: 

1	 Advanced site data

Pioneering new technologies to provide more detailed 
data on potential, existing and former mine sites, 
enabling better planning, operations and rehabilitation.

2	Reducing waste at source

Working to prevent the production of mine waste and 
tailings through improved processing and extraction of 
valuable materials.

3	  Waste characterisation

Developing new methods for characterising mine waste 
and its interaction with the environment to prevent, 
mitigate and re-mine tailings and waste.

4	Safer storage

Improving the safety and reliability  
of tailings storage facilities.

5	Global standards

Contributing to international frameworks  
on tailings management.

6	 Industry capability

Building capacity of the mining industry  
in tailings and mine waste, including social  
and environmental performance.

7	Global collaboration

Convening global summits bringing together 
researchers, industry professionals, regulators,  
and government and community representatives  
to address tailings risks.

8	Scaling solutions

Partnering with industry leaders to scale  
solutions globally.



Impact highlights

Ecological Engineering  
of Mine Wastes

•	 Red mud, a byproduct of alumina refining,  
accounts for 4 billion tonnes in waste sitting  
in storage dams worldwide.

•	 SMI developed technosol, a soil-like substance  
made from red mud, to support native plant  
growth in tailings rehabilitation.

•	 After successful pilots, a larger field trial  
is underway with a major alumina refiner.

Mine Waste Transformation 
through Characterisation

•	 Knowledge gaps around mine waste  
prevent effective containment, stymies  
successful mine closure, and leaves  
potentially valuable metals untapped.

•	 SMI helped develop The Atlas of Australian  
Mine Waste as a public catalogue of geological, 
chemical and geographical data from hundreds  
of mine waste sites.

•	 Critical metals were detected at some sites, possibly 
opening a new supply of valuable resources.

Novel separation 
technologies

•	 Traditional mineral processing requires grinding ore 
into very fine particles using significant energy and 
produce waste that end up in tailings dams.

•	 SMI-developed technologies allow flotation and 
recovery of coarser particles by using high-voltage 
discharges to break mineral-rich ore while leaving 
barren rock intact.

•	 This High-Voltage Pulse technology offers the 
potential to greatly reduce both tailings volume and 
energy consumption during mineral processing.

Circular economy solutions

•	 Sand is the world’s second-most-used 
commodity and yet 13 billion tonnes of potential 
sand ends up as mining waste each year.

•	 SMI’s solution is Ore-sand: Preventing waste before 
it occurs by using the rock crushed in mining and 
mineral processing as a sustainable source of sand.

•	 Brazilian miner Vale already produces  
1 million tonnes annually, providing a  
local source of material for construction.
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Tailings management  
and social performance 

•	 The 2020 Global Industry Standard on  
Tailings Management has a number of  
social performance requirements.

•	 SMI’s social science researchers developed  
free capability-building training to equip industry 
professionals to meet their responsibilities  
under the Standard.

•	 The training empowers organisations to  
consider social requirements as part of  
a multidisciplinary approach to tailings  
facility-related decision and actions.

Drones and sensor 
technology

•	 Detailed data about the geology, chemistry,  
and physical environment of mine waste has 
been time-consuming and costly to gather.

•	 SMI developed hyperspectral drone technology that 
captures multi-dimensional data with one flyover: 
chemical, physical and mineralogical insights in  
near-real time.

•	 This technology has been deployed to map and 
monitor mine waste and could unmask critical 
minerals in those wastes.

Environmental geochemistry

•	 SMI is leading an international effort to develop novel 3D mapping approaches for 
characterising key chemical and physical features of mine waste rock dumps and 
associated water flows.

•	 Researchers are conducting scale‑up experiments for AMD prediction and source 
control, bridging the gap between bench‑scale testing and full field trials.

•	 We integrate engineered soil cover systems with native, adaptive plant species to 
achieve long‑term physical and geochemical stability at mine closure.


