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Rise to the cha!enge
Invest in the process
Deliver to the goals
Our industry is facing its greatest pressure
to secure a sustainable and just supply of
raw materials to fuel the green technology
revolution and meet decarbonisation goals.
Productivity demands are exacerbated by the
changing landscape of available resources
with deeper, more complex, and lower grade
orebodies. This is resulting in increasing
volumes of tailings, increasing energy and
water consumption, and additional risks to
society and operators. Gaps in knowledge,
data, technologies, and capabilities are
further impeding our industry’s ability to
achieve its aspirations.

Delivering to industry’s objectives will require
alignment across all stakeholder groups as well
as disciplined coordination of the research and
development investment and activities on a
global scale.
In this preliminary prospectus, Amira proposes
a pathway to enable the mining industry to
rise to our shared challenge and to deliver
resources to meet society’s expectations
while maintaining cost effective production
for operations.
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Preface
There is no disputing the impact
tailings failures have on human lives,
the environment, and the reputation
of mining. What is critical is how we
respond as an industry to address
and resolve the challenge. Now more
than ever, our industry needs to act
collaboratively on a global scale.
Amira Global (Amira) offers a neutral
platform that has for 63 years enabled
mining companies, suppliers, researchers,
and government agencies to co-invest and
leverage collaborative Research Development,
Innovation, and Implementation (R&D+I2)
and associated critical infrastructure.
Through Amira, the industry has accelerated
development and deployment of scientific,
technological, engineering and mathematical
knowledge and capability from geosciences,
engineering, mineral processing, extractive
metallurgy, and through to tailings.
Throughout Amira’s existence, productivity
and sustainability have endured as
central principles.
Amira’s not-for-profit status, its global industry
membership, and its mature and transparent
governance infrastructure, presents a neutral
platform for the mining industry and allied
bodies to come together to tackle the tailings
challenge collaboratively.
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Amira invites mining companies, suppliers,
researchers, and government agencies to join
the conversation to:
• Discuss and seek agreement on a
set of industry targets for Horizon 1, 2
and 3 that could simultaneously deliver
to minerals production demands and meet
society’s ESG requirements.
• Frame the design of a global
co-ordinated program of research,
development, innovation, and
implementation (R&D+I2) that can deliver
a suite of outcomes to resolve industry’s
tailings challenge
• Identify the scale of investment required
to meet these aspirations and collaborate
on designing a coordinated and efficient
investment model to realise shared benefits
Contributions to these conversations will
inform a final Prospectus to be presented at an
ACT Summit at IMARC (Melbourne) on 18th
October 2022.
Founding Partners will be invited to commit to
the initiative at IMARC.
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deliverables
The planned deliverables from the ACT
program includes:
1. New knowledge and data that informs
supporting companies on how to reach
agreed goals and targets
2. A consolidated, dynamic and accessible
knowledge platform that provides reliable,
quality and up-to-date synthesis of R&D+I2
outcomes to inform decision makers
across industry, suppliers, researchers, and
government agencies
3. A suite of deployable ready technologies
that are benchmarked against industry
standards and have been de-risked
through testing, piloting, and upscaling
4. A global pipeline of talent to provide next
generation industry leaders, technical
operators and specialists, and researchers
Together these deliverables can provide
the industry with the means to meet targets
for tailings creation, management, and
repurposing in the short, medium, and
long-term.

This ambition is not without challenges and will
require careful consideration of the ecosystem.
Strong alliances with key enabling partners
are needed, along with deliberate thought
leadership in the development, management,
and deployment of global collaborative R&D
programs in key minerals jurisdictions. This
must be supported by secure funding at levels
commensurate with this ambition and backed
by mechanisms to ensure rigorous, considered,
and transparent governance.
It will also require a co-ordinated global
strategy that builds on short term, measured,
and focussed activities, each step contributing
to a greater whole.
The purpose of this preliminary prospectus is
to open the conversation to establish agreed
goals and R&D+I2 priorities.
Amira invites you to join us in the conversation
towards a shared final prospectus.
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Industry Targets
The members of the International Council
on Mining & Metals (ICMM) have committed
to ‘the prevention of catastrophic failures
of tailings facilities and to the continual
improvement in the design, construction
and operation of tailings facilities’, and have
agreed to:
work collectively to advance progress over
the next 10-15 years towards developing
superior and cost-effective alternatives to
conventionally managed tailings storage
facilities (TSFs) with the aim of reducing the
risk of catastrophic failure”1
In 2019, industry leaders set targets across
three horizons2:
Horizon 1 (2023/2025):
Strengthen operational performance for the
design, operation and closure of tailings
storage facilities
Horizon 2 (2028/2030):
Remove moisture from, and strengthen tailings
Horizon 3 (2035):
Reduce / eliminate tailings

Horizon 1 targets have been further refined:
August 2023:
All tailings facilities with ‘Extreme’ or ‘Very
high’ potential consequences (Appendix 2)
will be in conformance to the Global Industry
Standard on Tailings Management (GISTM).
August 2025
All other facilities in conformance to the
Global Industry Standard on Tailings
Management (GISTM).
The industry is working to achieve Horizon 1 the benchmark for safe management of tailings.
Protocols to minimise harm have been
established and the GISTM Conformance
Protocols have also been released. The
current predominant focus of the industry is to
investigate and adopt current and emerging
technologies to achieve the standards.
A looming challenge is industry capacity to
simultaneously conform to the GISTM while
absorbing the escalating burden of increasing
tailings volumes, particularly as demand for
mineral resources increases, grades decline,
and water consumption becomes an
ever-increasing challenge.

1 https://www.rethinkmining.org/wp-content/uploads/2020/10/ICMMPresentationCMICJune2020.pdf
2 https://www.rethinkmining.org/wp-content/uploads/2020/10/ICMMPresentationCMICJune2020.pdf
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Agreeing on Industry Targets
Amira commission Accenture to investigate
the socio economic, technological challenges,
and requirements to achieve zero harm
tailings. Accenture identified that in order to
meet Horizon 2 and 3 targets, Industry must
achieve two targets.
Target 1: Zero harm from tailings by 2040
Target 2: By 2050 cap new tailings
production at 2021 Volumes3
MILESTONES FOR TARGETS
Accenture (2022) proposed a sequence of
milestone to achieve these two targets.
To achieve Target 1: Zero harm from tailings
by 2040
1. Reduce probability of failure to 0.01%4
by 2030 and impact of failure to significant
by 2040.
2. Have no Greenfields dams after 2030.

To achieve Target 2: By 2050 cap new
tailings production at 2021 Volumes5
3. Go waterless and avoid dams: increased
filtration and thickening to reduce 2050
volumes by up to 45% (the current
estimate of water held in dams).
4. Implement precision mining (less waste
in, less waste out) through the progressive
adoption of precision mining techniques
to achieve up to 44% reduction in new
tailings.
5. Unlock new revenue streams and reduce
volumes through increased adoption of
repurposing and backfilling technologies
to reuse up 24% of tailings produced.
A critical first step for the ACT is to establish
agreed industry targets.
3 where 2021 volumes are estimated as 11.6b tonnes per year and
annual tailings production is forecast to treble in the next 25 years.
4 where Zero Harm is defined as having a probability of dam failure
at 0.01% p.a. or less, which corresponds with the standard set for
water dams and maps directly to ICMM’s consequence category of
‘Significant’ or below (Appendix 2).
5 where 2021 volumes are estimated as 11.6b tonnes per year and
annual tailings production is forecast to treble in the next 25 years.

Questions

Is your company working towards targets
published above by ICMM?
Is your company working towards the targets
and milestones identified by Accenture?

Comment on these targets:

Research Themes
Accenture highlighted four R&D+I2 themes
that the industry needs to support to achieve
the targets and associated milestones:
1. Safer Dams
2. Reduce Moisture
3. Reduce Waste across the mine value chain
4. Repurposing
The first theme focusses on reducing the
probability and consequence of dam failure
in a measured and deliberate sequence of
management and improvement.
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The remaining themes seek to reduce the
volume of tailings generated through and
by the operational mine value chain. This
includes mineral resource identification, ore
extraction, mineral processing, metallurgical
extraction, and tailings creation, deposition,
and re-purposing.
Impact will come from active, co-ordinated
collaboration and sustained, leveraged
investment in R&D+I2 across these themes.

RESEARCH THEME 1: SAFER DAMS
Leading mining companies have embarked
on a four-stage pathway to head towards
zero harm tailings. These actions are
centred around strengthening operational
performance and management of tailing
facilities, and managing all high-risk scenarios
to a state of continuous improvement that will
systematically strengthen industry performance
in tailings management:
1. A rapid uptake of the GISTM for tailings
classified as ‘Extreme’ or ‘Very High’
2. All remaining tailings to conform to the
governance standard in the GISTM
3. Adopt technologies and processes that
reduce tailings risk of failure to probability
of failure to 0.1% as per standards of
water dams

barriers, preventing acid mine drainage, and
rehabilitation of inactive dams.
Investment in R&D+I2 across the following key
areas will lay the foundations for zero harm
tailings by 2040:
•

sophisticated characterisation of tailings

•

advanced, real-time monitoring

•

dewatering and stabilisation.

Zero harm tailings will require stacking of
innovative technologies. A portfolio approach
to R&D investment is likely to provide a
comprehensive approach to achieving zero
harm tailings.

4. Adopt technologies and processes
that reduce tailings impact of failure to
‘Significant’ or less as defined in
the GISTM
As such, an immediate focus of professionals
in tailings management is risk mitigation of
priority facilities through good governance
protocols and practices as outlined in
the GISTM.
Long term practices that contribute to
improving tailings safety include building
Amira Prospectus 2022
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RESEARCH THEME 2: REMOVE MOISTURE
Tailings dams constitute roughly 50% water.
Techniques to reduce or eliminate water
provide an opportunity for the industry to
reduce stability risks in tailings facilities, reduce
tailings volumes, and reduce the consumption
and locking up of water resources.
Filtration and dewatering technologies are
critical to removing moisture from tailings. A
50% uptake of filtration (or dry processing) and
45% uptake of enhanced filtration is forecast
to enable a 14% reduction in annual tailings
production by 2050 (Accenture 2022). This
represents a significant improvement in safety
and drop in volumes.
Priority research, development and technology
validation in the following de-watering and
waterless extraction areas are:
• filtration enablers
• filtration approaches – mechanical
• filtration approaches – biochemical
• dry processing
• precision sorting.
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These technologies represent significant
changes in operational processes and have the
potential to be capital intensive. Involvement
of industry throughout the research and
development is critical to enable forward
planning and support for opportunities to test
and scale technologies.

RESEARCH THEME 3: REMOVE WASTE
Mining is on an unsustainable trajectory due
to decreasing ore grades and increasing
demand. The ratio of waste to commodity
mined is increasing and more energy and
water is required to process the same
quantity of ore. For copper, the global
average ore grade has fallen from 2.75% to
0.62% in the last hundred years. This means
that in 2021, 14.8 tonnes of tailings and
850kWh are required to process 100kg of
copper, as opposed to 5.4 tonnes of tailings
and 490kWh in 1920.
Precision mining can reverse this trajectory
by identifying high-grade ore, extracting
ore with minimal waste and sorting waste
from ore to reduce the quantity of waste
processed. Ultimately, these techniques
can help minimise the quantity of tailings
produced, and the resources required to
process commodities in the future.”

Enhancing and fine-tuning technologies and
processes across the mining value chain will
have the largest impact on reducing annual
tailings production. Accenture (2022) estimates
that progressively developing and adopting
technologies related to more precise mining
activities across the value chain can have a
44% reduction on projected annual tailings
production in 2050.
The greatest contribution from precision
mining comes from reducing waste material
prior to processing, which also proportionally
reduces the requirement for water in current
extraction processes above direct reduction in
solid material.
A whole of systems approach to making
mining more precise requires research,
development and innovation in identification,
extraction, processing, and metallurgy, which
spans the technical disciplines and domain
specialities of geology, mining engineering,
mineral processing, geomechanics,
and metallurgy.
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RESEARCH THEME 4: REPURPOSING
First line: In its report, Tailings: Towards zero
waste and zero harm, Accenture estimates
that repurposing, remining, re-using in
multiple forms is forecast to further reduce
volumes of tailings by approximately 8%.
Accenture suggests that while opportunities
to repurpose tailings through remining or the
creation of new products, the largest impact in
repurposing is likely to come from backfilling
of mine voids (up to 50%).
The economics and governance surrounding
repurposed and recast products from tailings is
necessary for community acceptance.
In addition, the processes must prove sound
from an economics perspective.
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R&D+I2 Barriers
Delivering R&D+I2 impact to industry requires
investment, co-ordination on a global scale,
and sustained support for research institutions
by both governments and industry.
The key barriers that prevent industry
from achieving the best outcomes from
R&D+I2 include:
1. Declining industry investment in R&D+I2
2. Fragmented programs supporting
individual researcher

A Decade In Decline Of
R&D Funding
Over the last decade, investment in R&D by
the mining industry was significantly slashed:
• Australian mining industry R&D investment
levels are 20 percent lower than a decade
ago, and is 9% of what it was two decades
ago
• The USA and Canada have begun a similar
trajectory of declining investment in R&D
dropping 25% and 50% respectively over
the last decade
In contrast, Chinese mining industry doubled
its efforts a decade ago and has sustained
these irrespective of boom-bust cycles.
Chinese industry investment in R&D now
outstrips the combined USA, Australian,
Canadian, UK, and Chilean mining industry
investments by at least one third.
16 Amira Prospectus 2022

Fragmented Research And
Dissemination Of Knowledge
And Solutions
Added to the challenge of a shrinking pool of
R&D funds is their increased fragmentation.
Increasingly, knowledge is being gathered
by companies working directly with research
organisations (either individually or in limited
scaled consortia). The fragmentation is
further exacerbated by distributions of R&D
budgets to departments or operations within
corporates.
Moreover, the fragmented support by industry
of individual researchers in an environment
of limited funding is creating increased
competition between researchers and between
institutions. Such competition undermines
the ability of knowledge to be accelerated
to industry deployment and limits industry’s
benefit from the research investments made.

Loss Of Universities And
Industry Training Institutions
Diminishing funds and continued declining
enrolments in mining related degrees
has contributed to the cancelling of
degree programs, the closing of academic
departments and schools, and the underresourcing of academic researchers. This
limits the pool of capability available to
work in and on industry’s scientific and
technological challenges.
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Amira’s Proposed Pathway to Impact
A Framework To Deliver R&D+I2 Impact
Delivering impact from R&D+I2 to meet
milestones is not without challenge.
Delivering impact will require the industry to
invest, collaborate, and prepare in order to
overcome numerous R&D+I2 and technology
adoption barriers.
Amira is in the process of developing a
comprehensive framework to enable more
efficient use of and impact from its Member’s
R&D+I2 investment.
Core elements of the Amira framework are:
1. Aligned Partnerships for Efficient
Industry Support:
Global alliances and aligned partnerships
to create a smooth, effective, and efficient
support network for industry deployment
of new technology, knowledge, data, and
capability in the interests of industry impact.

3. Defragmented R&D+I2:
Connect research development and innovation
across the globe to limit duplication or
stranded knowledge and to ensure the most
efficient pathways for knowledge, capability,
and technology for improved R&D+I2
efficiency and industry impact.
4. Increase Return on R&D+I2 Investment
for Industry:
Leverage investment in R&D+I2 through
collaboration and shared knowledge
development, technology support, trialling
testing, scaling and pre-commercialisation
deployment to maximise exposure to
R&D+I2 outcomes.
This framework is supported by Amira’s
established, trusted, and transparent
governance and financial systems6.

2. Amira Knowledge Platform:
Connecting decision makers, mining
professionals, agencies, and researchers to
the most up-to-date aggregated and verified
information curated and validated by teams of
leading experts and editors.

6 Amira’s Governance is managed through a Board of Directors
drawn from its membership base. All legal instruments are
reviewed annually. Amira is audited externally annually. All
members are invited to the Annual General Meeting to influence
Amira’s strategic direction and cast their votes on key decisions.
Members dictate priorities for investment in R&D+I2.
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pact

Questions
Note how much each of the following you consider invaluable to deliver impact from
industry investment in R&D+I2 for your organisation?
1. Aligned partnerships that facilitate
an efficient and effective pathway
from concept through to industry
implementation/deployment
2. A knowledge platform to access the latest
qualified R&D+I2 outcomes
3. Efficient co-ordination of and connection
between R&D projects globally
4. Shared/pooled investment (where it is
appropriate) to maximise ROI in R&D+I2
5. Established, trusted, and transparent
governance and financial systems
6.

What would you add to the above to
ensure impact?
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Proposed Program of Works
Within Amira’s framework, five programs of
works are proposed:
Program 1: Tailings Technologies
Program 2: Reduce Water
Program 3: Reduce Waste
Program 4: Safe Tailings Management
Program 5: ESG and Capability
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The first program, “Tailings Technologies”
is designed to prepare pathways for
technology deployment:
•

Enabling integration and interoperability
across the mine value chain

•

Testing, upscaling, piloting and
deployment, including the development of
an active network of test facilities

•

Integration challenges including analysis of
business models, change management,
and systems optimisation

The fourth program, “Safe Tailings
Management” addresses the challenges
surrounding the tailings facilities
themselves, including:
•

Monitoring & Pre-empting

•

Novel design

•

Tailings Stability – monitoring, enhancing,
and responding

•

De-characterization and rehabilitation

The second program, “Reduce Water”,
seeks to reduce and, where appropriate and
possible, eliminate the use of water:

A fifth program is an overarching and
cross-cutting program that provides a
foundation to the other four programs.
Considerations include:

•

Filtration (mechanical, biomechanical)

•

•

Improved Flocculation/thickener

Trends Monitoring, Consolidation &
Industry Reporting

•

Dry processing & dry stack

•

Knowledge aggregation and dissemination

•

Operational water & energy systems
optimization

•

Capability development: leadership,
operational & research capability
in accordance with jurisdictional
requirements

•

Regulation and governance systems
(including standards and benchmarking)

•

Government Liaison and policy
development

The third program, “Reduce Waste”
examines the technical challenge of more
precise selectivity across the mine value
chain including:
•

Geoscience and minerals estimation

•

Precision Mining, sorting & movement

•

Minerals processing & metallurgical
extraction

•

Disposal & preparation for waste valorising

•

Characterisation and re-mining

•

Repurposing & valorising

Together the ACT program addresses the
R&D+I2 needs as well as the levers within
a framework to overcome key barriers
to R&D+I2.
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Questions
1. Do these programs of work resonate with your
organisation?
2. Are your focus areas different?
3. What else should be included?
4. Which are the priority areas for your organisation?
5. Which does your organisation have capacity and/or
inclination to collaborate in?

Amira Global
Amira Global is a Member-based not-for-profit
in the mining sector. For 63 years Amira’s core
purpose has been to provide the minerals
industry with a neutral mechanism to support
collaboration-leveraged R&D+I2 in concert
with allied associations, research institutions
and funding agencies around the globe.
Amira Global was formed in 1959 by minerals
industry leaders to provide the shared vision
for impact and the platform to govern and
manage industry collaborations that deliver
outcomes relevant to addressing the industry’s
shared challenges.
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Amira supports multiple and varied
collaborative investments for its Members, and
continues to make significant contributions
to knowledge, data, technologies and
capabilities that support an innovative mining
industry capable of rising to its challenges.
Amia Global’s member base is responsible
for around 60 percent of the world’s publicly
reported tailings volumes. Amira is therefore
well positioned at both a strategic and
program scale to offer a pathway for member
companies to realise a low tailings future.

Head Office
Level 5, 105 St Georges Terrace
Perth, WA 6000
amiracomm@amira.global
Perth | Brisbane | Melbourne | Johannesburg | Accra | Denver | Santiago

amira.global

