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LEADER’S COMMENT

TEAM CSIRO,
DELIVERING
IMPACT FOR
THE MINERALS
INDUSTRY

Dr Rob Hough
Director, CSIRO Mineral Resources

The Australian resources sector is well positioned
to support the push to ‘build back better’ out of the
pandemic world and to help drive major global megatrends
such as the energy transition and ongoing disruption
from technological advances where minerals are critical.
ROB HOUGH writes
The International Energy Agency (IEA)
reported in 2021 that clean energy
systems will require a massive increase
in demand for minerals. Clean energy
technologies will have an increased
share of total demand over the next 20
years ‘to over 40% for copper, 60-70%
for nickel and cobalt, and nearly 90% for
lithium’. It is estimated to reach the goals
of the Paris Agreement would require
‘a quadrupling of mineral requirements
for clean energy technologies by 2040’
and ‘to hit net‑zero globally by 2050,
requiring six times more mineral inputs
in 2040 than today’.
Our industry itself is also changing with
the emphasis on exploring through cover,
ore quality and recovery, automation,
electrification, ESG performance and
digitisation all requiring a new wave of
science, technology and talent if we are
to be successful.
I’m delighted to lead CSIRO’s Mineral
Resources business unit, where we have
over 300 dedicated, multi-disciplinary,
applied researchers with capabilities
situated right across Australia and
spanning the value chain of the minerals
industry in our work – from exploration
to mining, processing and closure.
It is, however, worth remembering that
CSIRO as a whole, has 5,000 applied
researchers delivering impact across a
wide range of fields, and I won’t even

attempt to go into all of them here but
www.csiro.au should give you an idea.
This is a truly significant resource
available to support Australian industry
across multiple sectors. The diverse
industries CSIRO supports share similar
challenges, so we have a unique
opportunity to tap into these different
capabilities and technologies to find and
deploy new solutions that might have
worked elsewhere.
In this issue of Resourceful, we highlight
some of these wider capabilities and
how they are being used to support the
minerals sector. This includes developing
autonomous systems, managing our
water, reducing emissions and creating a
circular economy to reduce waste. These
are all activities that help our industry
to remain globally competitive, to foster
future talent and even to use our expertise
to grow new sectors (e.g. Space).
Our newly launched Autonomous
Sensors Future Science Platform is a
nice example of how Team CSIRO comes
together, in that it involves collaboration
with 10 business units across CSIRO,
it will be home to a new wave of early
researchers and engineers and has
the exciting challenge to develop new
sensor technologies and autonomous
platforms for decision support that could
be deployed in different applications.

*IEA (2021), The Role of Critical Minerals in Clean Energy Transitions, IEA, Paris
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

Innovations in sensor technology will
allow us to sense with increasing accuracy,
sensitivity, traceability, and resolution,
with technology adapted for the
uniquely Australian challenges of harsh
environmental conditions and of course
remote locations. Harsh environments
also feature in two other articles in this
issue, firstly, our work to take advantage
of mining technologies to enable in-situ
resource utilisation of minerals on the
Moon, creating opportunities to invent
new space technologies here in Australia.
Then, there is our success in the global
2021 DARPA Subt challenge, that saw our
team from CSIRO Data61 and partners
autonomously explore an underground
setting, using robotic technology that
is increasingly finding application today
in underground mining environments
e.g. drone based mapping by the CSIRO
spin‑off Emesent.
Finally, we have world class mineralogy
and materials characterisation expertise,
that routinely finds application in
environmental science, soil quality,
material properties. Using that expertise
and our facilities, we have been able to
support mining companies to quantify
the 3D mineralogy of the deposits
leading to improvements in recovery,
reduction in processing issues and a
more predictive capability to tune in
advance, rather than reacting to the
often un-wanted surprises.
As part of Australia’s national science
agency, with a remit to support
Australian industry through applied
research and technology, it is exciting to
note that while the Mineral Resources
business unit has deep expertise attuned
to the industry, we can also draw on this
wider, amazing, talent base right across
CSIRO to find solutions to problems –
delivering real impact through science!
DR ROB HOUGH
DIRECTOR, CSIRO MINERAL RESOURCES
+61 8 6436 8763
rob.hough@csiro.au
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MINING TECH FOR SPACE MISSIONS

MOON-IN-A-ROOM:
CSIRO’S NEW FACILITY TO
ADVANCE OFF-PLANET
SCIENCE EXPLORATION
Director of CSIRO’s Space Program, Dr Kimberley Clayfield (who may
have Australia’s coolest job) says that this month’s launch of CSIRO’s
moon-regolith testbed marks a welcome expansion to our national
space facilities. FRAN MOLLOY explores

CSIRO’s lunar testbed – the In-situ Resource Utilisation (ISRU)
Facility – includes materials simulating the fine and abrasive
lunar regolith covering the top five to ten metres of the moon’s
surface, and provides a realistic environment for evaluating
rovers and other equipment destined for the moon.
The ISRU facility includes a large, sealed room housing
hundreds of kilograms of different types of artificial lunar
regolith in a custom-made enclosure that can be reconfigured
to safely conduct different evaluation activities.
ISRU’s mission control room can remotely monitor and control
equipment, and there are also dedicated enclosures and
instruments to test dust properties and effects.
The facility sits within the Queensland Centre for Advanced
Technologies (QCAT), adjacent to mining, automation and
AI experts, giving researchers access to QCAT’s ‘robotics
playground’ – which provides a unique combination of
facilities for developing planetary space technologies in
controlled, realistic evaluation environments.
“CSIRO is involved in research in the areas of space activity that
line up with the national civil space priorities outlined by the
Australian Space Agency,” says Dr Clayfield.
These priority areas include small satellite technologies,
Earth observation, space communications and tracking,
advanced materials, robotics and remote operations and space
life sciences.
“We’re applying the opportunities of space to solve our
greatest national challenges and to stimulate new cutting-edge
innovations with the potential to generate significant societal
benefits, commercial opportunities, and to help transform the
Australian space sector,” she says.
“Now we can also offer Australia’s wider space community
access to this new lunar testbed facility to help them with their
research and development.”
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THE NEW SPACE RACE
Just twelve people have walked on the surface of the moon,
none of them since the US Apollo 17 mission in December
1972. And for those previous moon-walking astronauts, lunar
dust was a big problem that affected their breathing, reduced
visibility and damaged equipment and space suits.
More than fifty years after humans first set foot on the moon,
we remain a long way from establishing a permanent base
there. But the space sector has hotted up in recent years, with
governments and private industry worldwide investing hugely
in space-focused research and technology.
Examples include China’s robotic Chang’e 5 mission, returning
to earth in December 2020 with the first lunar rock samples
collected in over 40 years; and the US-led Artemis program,
which plans to land two astronauts on the moon’s surface in
2025 for a week, and to establish a permanent base camp to
support longer surface expeditions and a serve as a jump-off
point for Mars exploration.
Australia’s commercial space industry has been running
for over thirty years, and the national peak body, the
Space Industry Association of Australia now lists over
650 space‑related organisations in Australia developing a
wide range of products and services ranging from sensors to
launch vehicles.
The Australian Space Agency, formed in July 2018, coordinates
civil space matters across the Australian Government and
supports the growth and transformation of Australia’s space
industry, while CSIRO plays a major role in our national space
research efforts.
“As Australia’s national science agency, CSIRO provides
national research facilities – and CSIRO’s lunar testbed facility
will be accessible to the wider space community in Australia
and beyond,” says Dr Clayfield.

The purpose-built facility in Brisbane
provides a Moon-like environment for testing
and evaluating rovers and related equipment
(Note: material in pit is Crusher Dust)

“It will join CSIRO’s other space-related facilities including the
Canberra Deep Space Communication Complex (operated on
behalf of NASA to track spacecraft in deep space), and
our share in the Earth observation satellite NovaSAR-1”
Dr Clayfield says.

LIVING OFF THE LAND
Interestingly, lunar regolith is at once a challenge and a
potential resource for future moon missions.
“In-situ Resource Utilisation is a system we can deploy on a
planet or moon to harness resources to allow us to live off the
land,” says CSIRO’s ISRU Project Leader Dr Jonathon Ralston,
a senior principal research scientist who has a long history in
remote sensing and automated mining technology.
“The ISRU test lab will allow us to conceive and develop new
components that are critical to build an effective system for
in-situ resource utilisation.”
Transporting materials to the moon is complex and hugely
expensive, Dr Ralston says – currently costing around USD
$1 million per kilogram. “There’s no infrastructure there, so you
must take with you the components for everything you want to
do,” he says.
The big promise of in-situ resource utilisation is based on
identifying raw materials discovered on the planet’s surface
and then converting them into much needed items such as
oxygen and water for life support, fuel for launch platforms,
and materials to assist with essential construction activities.
“Our ultimate aim is to develop a mobile science station that
can operate autonomously or remotely on the surface of
the moon, and that progressively identifies mission-critical
resources and consumables, then creates those by physically
converting the materials found in the environment,” he says.

Dr Ralston says systems and processes established by the
mining and resource sector over decades will inform much
of this work, which would ideally operate as an automated,
closed-loop system.
“The first step, the discovery phase, involves sensing to
map the available resources. Then we would interpret the
information, identifying what to extract,” he says. “Then the
excavation stage, including filtering and storing waste, and
finally processing the materials to achieve our output.”
In April 2021, a demonstration by NASA’s Perseverance Mars
rover pioneered in-situ resource utilisation, extracting oxygen
from the high-CO2 atmosphere of Mars.
“This is complicated technology – with many components yet
to be created – so it’s critical to do as much testing on the
ground, so that when we do take technology to the surface of
the Moon or Mars, it’s going to work.”

There are real opportunities
for the resources sector to
repurpose mining technology
to accelerate developments in
the space sector, and then in
turn to use advances in space
applications to benefit our
traditional terrestrial sectors.
Dr Jonathon Ralston, CSIRO
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Dedicated enclosures and instrumentation
are available for safely investigating
properties of high-quality lunar simulant
and exploring dust interaction

DUST BUSTER
Lunar regolith could be one of the greatest challenges for
moon missions. The tiny particles of the fine lunar dust have
sharp jagged edges, and the dust is statically charged due to
the dryness of the moon and the radiation bombardment, so it
sticks to everything.
“For anyone trying to set up equipment for a lunar outpost,
managing the dust will be a massive issue. For example, it may
intrude into seals and air locks, it is incredibly abrasive and
it is easily disturbed, flying up in the low gravity and coating
everything, from solar panels to spacesuits,” Dr Ralston says.
CSIRO’s ISRU facility includes several ‘types’ of lunar regolith
that appear at different sites on the moon and which can be
used to test equipment and address vulnerabilities before
the launch.

“The things you need to do to make equipment work in
extremely harsh operational mining environments 24/7 under
potentially explosive atmospheres – these are not unlike the
same challenges that we encounter for space applications,”
he says.
CSIRO’s Space Program is taking an integrated and sustainable
approach, says Dr Clayfield – for example, ISRU is tapping
into robotics and sensor expertise from Data61 scientists
who recently landed a million-dollar prize in DARPA’s
subterranean challenge.
“We have capabilities across Australia’s very large landmass,
and we are networking our existing facilities in a useful way
– from our robotics programs, to our supercomputer centre,”
she says.
Dr Clayfield says that the facility is already being used by
university and industry partners.

Scientists are also working to characterise different properties
of dust and looking at ways to minimise and mitigate its impact
on equipment, such as developing advanced materials and
coatings that resist the dust.

“Our capability for remote operations will let us work with the
industry and research organisations all over the country – and
we’re excited to hear from organisations, small business and
large, who would like to work with us.”

Dr Ralston says that there are real opportunities for the
resources sector to repurpose mining technology to accelerate
developments in the space sector, and then in turn to use
advances in space applications to benefit our traditional
terrestrial sectors.

DR JONATHON RALSTON
+61 7 3327 4702
jonathan.ralston@csiro.au
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FUTURE SCIENCE

NEW CSIRO TEAM LOOKS
BEYOND THE HORIZON
OF SENSORS
Autonomous sensors are the bridge that connects the physical and digital worlds.
A new team of CSIRO researchers are working on the next generation of sensors
technologies needed to unlock digital innovations that allow us to rapidly understand
and predict the world around us. TIMOTHY CONNELL reports
The Autonomous Sensors Future
Science Platform is one of five new
future science platforms or FSPs,
established in 2021, bringing the total
number of FSPs that CSIRO has brought
online since 2016 to 16. In the new role
of Director, Dr Yulia Uvarova is quick to
underscore the importance of who will
be involved.
“The main point is not only developing
Horizon 3 Science for different
applications. It’s also about developing
new capability and talent in the domain
of autonomous sensors,” Dr Uvarova, a
geologist by background, says.
“So we’re planning to hire and engage
quite a few early career researchers and
engineers. I see it as very important that
we’re developing this talent for CSIRO, or
for industries elsewhere.”

Each of the 16 CSIRO future science
platforms represents an investment
which, it is hoped, will reinvent
and forge industries for Australia.
And like all other future science
platforms, Autonomous Sensors will
be propelled by forces within and
adjacent to the organisation. It is
backed, for instance, by the 10 CSIRO
business units.

existing business models. These are classed
as Horizons 1 and 2. The driver of Horizon
3 is the need to create new capabilities,
something that must coincide with the
continuity of Horizons 1 and 2. Ultimately,
the model prioritises innovation.

The aspirations of Horizon 3
Science are many and varied; in this
regard, Autonomous Sensors finds
itself enmeshed with ambitions
such as “science as a service”, and
“CSIRO Data Ecosystem”. The Three
Horizons is a model first articulated
in 2000. It promotes the idea that
companies and government agencies
must execute and extend their

If these sound like soaring ideas for
a unit that was only formed in July
2021, Dr Uvarova – who was made
Director recently in October 2021 –
is clear about its first priorities.
Broadly, Autonomous Sensors will accelerate
the emergence of new tools to grow
digital decision making within application
domains, potentially multiple domains.
The goal is to combine fundamental
sensor research with autonomous
engineering solutions. This, in turn, is
intended to provide advanced sensing
and platform technologies for the
domains of environmental monitoring,
health monitoring, mining, agriculture
and manufacturing.
More specifically, the Autonomous Sensors
Future Science Platform will focus on
two themes. One is Fundamental Sensor
Development, about developing sensors
for different applications and industries.
The other is Advanced Engineering
for Autonomy.
“So basically how these sensors can be
autonomous, can be deployed in harsh
Australian environments, can survive those
environments, and can collect data in those
environments,” Dr Uvarova, who has been
with CSIRO since 2012, says.
The Autonomous Sensor Future Science
Platform will develop the next generation
of sensor technologies to drive future
digital innovation across domains

CSIRO AUSTRALIA’S INNOVATION CATALYST
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The Three Horizons is a model first articulated in 2000. It promotes the idea that companies and
government agencies must execute and extend their existing business models. These are classed
as Horizons 1 and 2. The driver of Horizon 3 is the need to create new capabilities, something that
must coincide with the continuity of Horizons 1 and 2. Ultimately, the model prioritises innovation.

“The overall idea is that we invent
something new – something that doesn’t
exist at this stage. So it must be new,
must be novel and innovative, and it
must have multiple applications.”
The place where the Future Science
Platform researchers and engineers
will test and develop prototypes of
sensors will take the form of a hub.
The “Sensor Prototyping Hub” will
accelerate Horizon 3 research from the
lab, to prototypes, towards potential
field trials.
Like most teams worth assembling,
this one will be a potent mix of skills,
abilities and expertise.
Says Dr Uvarova, part of the beauty
of working within a Future Science
Platform is its grounding within
the 10 CSIRO business units, each
of which brings its own clout.
These enhancements open up
possibilities for Autonomous Sensors
to build its own teams of geologists,
physicists, chemists and data scientists,
all playing their part in unlocking the
core science challenges identified by
the cohort.

What happens if the researchers find
something really “out there”? The next
step for Autonomous Sensors would
be to transition the idea and develop it
within the Future Science Platform, so
that business units can take it further.
From there, in theory, it could be
commercialised and placed in readiness
for industry uptake. Put simply, an
idea would travel up the technology
readiness levels, with any maturing
of the technology for a given domain
happening under the guidance of a
CSIRO business unit specialising in
that area.
While Autonomous Sensors doesn’t
consult directly with industry now,
Dr Uvarova says the future science
platform has a sound internal
understanding of “what industry needs,
or will need in five, 10 or 20 years’ time”.
A rule in selecting projects to take
on has thus far been to ask, will the
technology be viable in a decade?
The answer often comes through input
from the CSIRO business units, but just

as often from someone on the team of
researchers. Project selection is also
done with an eye on what is happening
across other parts of the scientific
research landscape, and industry.
Autonomous Sensors Future Science
Platform is so new that an official
launch is still pending; “We’re a little
tiny baby, we’re not even a toddler
yet,” Dr Uvarova says. But for many
observers of the fledgling unit, the
appointment of its Director will be
reassuring. Dr Uvarova’s previous role
was as a Senior Principal Research
Scientist and Group Leader in CSIRO
Mineral Resources and the Program
Leader for Data From Drilling in the
MinEX CRC. Whatever team she ends
up shaping, the Director is ready to
navigate this universe.
DR YULIA UVAROVA
+61 8 6436 8728
yulia.uvarova@csiro.au

Five new Future Science Platforms in 2021

The Autonomous
Sensors Future Science
Platform will focus on
two themes. One is
Fundamental Sensor
Development, about
developing sensors for
different applications
and industries. The other
is Advanced Engineering
for Autonomy.
Dr Yulia Uvarova, CSIRO
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• Autonomous Sensors – accelerating the generation of new tools to enable
growth of digital decision making applicable across multiple industries and
sectors
• Quantum Technologies – growing quantum technology skills and
capabilities to translate research into real world solutions for materials
discovery, precision healthcare, defence, and digital security and
communications
• Microbiome – harnessing the functionality of microorganisms to solve
challenges such as diet and gut health, plant diseases and food safety
• Collaborative Intelligence – developing the science that enables human
intelligence and technology to work harmoniously together across multiple
domains, exceeding the performance of using either alone
• Valuing Sustainability – enabling science that promotes sustainability
decisions across supply chains that lead to positive outcomes for land,
water, biodiversity and people
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DARPA SUBT CHALLENGE

ROBOTS TO THE RESCUE IN
HAZARDOUS ENVIRONMENTS
There’s been a leak of radioactive gas inside a nuclear power plant, a rockfall that
has trapped cavers exploring a new complex, a flood which has cut off workers in a
subway system – who are you going to send? TIM THWAITES writes

A quadruped and tracked robot that participated in the DARPA Challenge as part of the CSIRO Data61 team

Within the next few years, the answer could be a team of
robots. And if the success of CSIRO’s Data61 team in final of
the DARPA Subterranean Challenge (also dubbed the Robot
Olympics) is anything to go by, a lot of the software and
hardware will have been developed by CSIRO and its partners.
CSIRO Data61 was one of 11 teams worldwide selected to
participate in the three-year challenge, one of eight to reach
the final held in September, and came second, pipped by
46 seconds. In the process, they eclipsed teams involving
organisations well known for their robotic expertise, such as
Carnegie-Mellon University and NASA’s Jet Propulsion Lab (JPL).
“This is an amazing result! It’s a victory for all of Australia
and cements CSIRO’s place as a world leader in robotics,”
says Dr Navinda Kottege, who heads CSIRO’s Robotics and
Autonomous Systems Group and led the Challenge team.
The Defense Advanced Research Projects Agency (DARPA)
has long been known for its innovative approach to the
development of new technology. The $US82-million
Subterranean Challenge, for instance, was a competition with
prizes of $US2 million for the winner and $US1 million for the
runner-up.

The initial stages comprised three circuit events held in
a tunnel system (a coal mine near Pittsburgh), an urban
underground environment (a decommissioned nuclear power
station in Washington State), and a natural cave system
(cancelled due to COVID-19). The final, which combined
elements of all three environments, was held in the Louisville
Mega Cavern, Kentucky.
Contestants scored points for determining the position of and
classifying objects of 10 different objects that might be found
in the aftermath of a natural disaster or industrial accident.
This included backpacks, mobile phones, fire extinguishers,
pockets of gas (CO2) and survivors (human dummies).
The underground environment where the events took place
was unseen by the teams, unmapped, and impenetrable to GPS
and radio signals from the surface. Only one person from each
team was allowed to communicate with and control the robots.
Because the terrain was likely to be difficult and varied –
muddy, slippery, uneven, containing stairs, steep drops, and
large caverns – CSIRO Data61 decided to use a mixed group of
two tracked and two legged ground robots together with two
drones. The drones, which proved useful for exploring areas
with high ceilings and precipitous drops have a limited flight
time, and had to be carried by a tracked robot until deployed.

CSIRO AUSTRALIA’S INNOVATION CATALYST
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CSIRO’s Data61 team’s ace-in-the-hole was its world-leading
3D simultaneous localisation and mapping (SLAM) technology
known as Wildcat, which the CSIRO has been developing
for 15 years. The platform’s algorithm combines data from
a spinning light detecting and ranging (LiDAR) sensor and a
sophisticated inertial measurement unit (IMU) to allow robots
to map the surrounding environment.
On the ground robots, Wildcat SLAM with its LiDAR and IMU
was combined with cameras for the detection of objects into
a package known as Catpack. An equivalent package without
the cameras, Hovermap, was onboard the Emesent drones.
The similarity of the technology on each robot allowed data
to be integrated seamlessly, and helped the team to win the
“Single Most Accurate Report” award at the Challenge.
But the team of robots also had to be equipped with a
communication system that could swap information between
members underground and relay it back to the human
controller on the surface. What CSIRO Data61 developed was
like a breadcrumb trail of communication hubs that could be
dropped off from a tracked robot along its path.
The robots also needed enough autonomy to perform tasks
on their own, out of reach of communication, and then return
to report on what they had done or detected. And the tasks
themselves had to be allocated automatically in an efficient
way, divided up so that no two robots rushed to work on the
same thing at the same time. The task allocation system was
developed by researchers at one of CSIRO Data61’s partners,
the Georgia Institute of Technology.
“The whole point of this work,” says Navinda, “is to develop
utterly reliable technology to take humans out of dull,
dangerous and dirty industrial situations, such as inspections
in constrained spaces, checking out valves or pipes or sewer
systems for cracks, for instance.”

“The market and industry are perhaps not yet ready to
adopt some of the robot autonomy, coordination and
control technology we developed for the Challenge,” says
Dr Farid Kendoul, the chief technical officer and co-founder
of Emesent, one of CSIRO’s partners in the team, “but it’s a
natural progression.” Emesent, a CSIRO spinout, specialises
in collecting and analysing information from challenging
environments and provided the drones used in the Challenge.
“We have clients in mining, power plants, the oil and gas
industry, and construction,” says Farid. “They are blown away
by the technology, because it can give them access to where
they couldn’t get access before, it automates their workflows
and saves them money, and allows their staff to work safely in
challenging environments.” The proof of Emesent’s success is
in its employment growth, from the two founders in 2018 to
125 people today.
There is still plenty of work to do, Navinda says. “One of the
hardest problems for robots is to navigate through natural
environments, like forests and grasslands.” But that has
particular application in assisting future agriculture as
it switches from the existing monoculture approach to
polyculture, farming that generates many different products
simultaneously from the same plot of land.
The $US1 million ($AUD1.3million) prize money will be
reinvested into CSIRO Data61’s research and development of
Australian technology.
DR NAVINDA KOTTEGE
+61 7 3327 4024
navind.kottege@data61.csiro.au

The whole point of this work is to develop
reliable technology to take humans out of dull,
dangerous and dirty industrial situations.
Dr Navinda Kottege, CSIRO

Two tracked all terrain robots explore
North Queensland’s Chillagoe Caves
during a training exercise in 2020
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CRITICAL METALS

MICROBES TO MINE METALS
FROM E-WASTE?
Whether it’s the gold or silver used in mobile phones and other consumer
electronics, or the strategic base metals and rare earths used in new renewable
power and energy storage technologies, certain metals are critical in the transition
to a high-tech, low carbon economy. Biomining could help Australia reclaim some
of these – at the same time, reducing the environmental impact of metals recovery.
MARY-LOU CONSIDINE explores
E-waste – discarded mobile phones,
computers, TVs, batteries and other
electrical and electronic equipment –
is one of the world’s fastest growing waste
streams, due to increased digitisation of
products, shorter product life-cycles and
fewer repair options.
In 2019, humans generated approximately
54 million metric tonnes of e-waste, of
which only 17 per cent was recycled.
Most ends up in landfill, contaminating soil,
groundwater and waterways.

CLOSING THE LOOP
A team of CSIRO and Murdoch University
researchers recently reviewed global trends
in materials recovery from e-waste and
identified opportunities and barriers to
establishing new industries in Australia and
New Zealand.
They noted the value of recoverable
materials in the world’s e-waste stockpile is
an estimated US$60 billion. This stockpile
includes 69 different metals – precious
metals like gold and silver; base metals like
copper, cobalt and nickel; and increasingly
critical rare earth elements.
From a financial perspective, the
feasibility of recovering strategic metals
from e-waste will depend on the costs
involved – of collection, transport, sorting
and disassembly, shredding, milling, and
metallurgical processing to extract and
concentrate the metals.

From a sustainability perspective,
recovering metals and materials from
e-waste offers potential environmental
and societal benefits.
These include reducing the volume of
e-waste going to landfill and associated
environmental impacts; ‘closing the
loop’ in material life-cycles; and
reducing the energy use, emissions
and impacts of mining and minerals
refinery operations.

BIOMINING A
‘HIGH‑GRADE ORE’
CSIRO’s Dr Anna Kaksonen has been
working with CSIRO colleagues
Dr Naomi Boxall, Dr Ka Yu Cheng,
Christina Morris and Jonovan Van Yken,
and Murdoch University’s Prof. Navid
Moheimani and Prof. Aleksandar
Nikoloski to explore prospects for
biomining metals from e-waste.
Biomining is already used at a large
scale to bioleach metals from lowgrade ores and biooxidise refractory
sulfidic gold ore concentrates before
cyanidation. Currently, 10–15 per cent of
the world’s copper and about 5 per cent
of the world’s gold are mined this way.
Dr Kaksonen points out that
primary ore resources are becoming
progressively depleted globally, making
e-waste a more critical resource for the
minerals sector.

“E-waste is like a high-grade ore – it’s
often called an urban mine,” she says.
“For example, there is up to 100 times
more gold in a tonne of mobile
phones than in a tonne of gold ore.
“Currently, much of the e-waste
collected in Australia is still
shipped overseas for value
recovery. There’s an economic
opportunity for Australia to
develop local processing options
so that the metals’ value could be
recovered here.”

The benefit of
biotechnology is that
it can be applied at
relatively small scales,
and scaled up or
down, unlike smelters,
which are fixed
infrastructure and
require high‑volume
feedstocks to be
economic. Dr Anna
Kaksonen, CSIRO
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METALS
BIOLEACHING
FROM MILLED PCBS
The CSIRO-Murdoch University team’s
current research focuses on the
development of innovative bioprocesses
for extracting base and precious metals
from milled printed circuit boards (PCBs).
The work is funded through the Western
Australian Government’s New Industries
Fund Waste Sorted e-waste grants.
PCBs – found in most electronics – are
particularly rich in valuable base and
precious metals, including copper, nickel
and zinc, and gold, silver and palladium.
“Conventional hydrometallurgy typically
uses strong chemical acids or cyanide for
leaching metals, but this results in toxic
waste streams,” says Dr Kaksonen.
The research conducted by the team so
far has included characterisation of the
content of various metals in the milled
PCBs and evaluation of the effect of pulp
density on bioleaching base metals from
milled PCBs in the laboratory.
The researchers are currently
evaluating the efficiency of precious
metal bioleaching.

AUSTRALIAN
URBAN MINES
AND MOBILE
REFINERIES?

METALS IN WASTE
LI-ION BATTERIES
Dr Boxall, Dr Kaksonen, and Dr Cheng
have also explored opportunities and
challenges for recovering metals from
lithium-ion (Li-ion) battery waste.
In 2015, Li-ion batteries accounted for
24 per cent of all batteries purchased
in Australia. They are used in handheld,
portable and rechargeable products, as
well as electric vehicles and renewable
energy equipment.
The estimated value of metals in one
tonne of Li-ion battery waste is between
$AU4,500 and $17,000, with most of that
value due to cobalt.
Dr Boxall and her colleagues have
successfully demonstrated the lab-scale
application of bioleaching to extract
lithium, cobalt, nickel, manganese and
copper from Li-ion battery waste.
However, as the research team have
noted, the potential value of metals in
Li-ion batteries – particularly cobalt –
depends on many unpredictable and
intersecting factors.
Many countries have already started
developing new battery technologies
that use less cobalt, which may in turn
reduce the value of battery waste.
Lithium is another metal subject to
dramatic fluctuations in its commodity
price, which is set to rise with increasing
demand for electric vehicles (EV) and
off‑grid storage devices.

Dr Kaksonen hopes a successful outcome
will lead to further research to optimise
the bioprocesses and determine their
economic feasibility, in terms of the
value of extracted metals in relation to
pre-processing and processing costs.
She hopes to one day see mobile
e-waste ‘biorefining’ units in Australia,
which would offset the comparatively
high costs of transporting PCBs and
other e-waste to central locations
for processing.

BATTERY WASTE
AND MATERIALS
FORECASTING
This is where CSIRO’s recently developed
Physical Stocks and Flows Framework
(PSFF) tool can help the industry more
realistically test assumptions about
future supply and demand trends for
manufacturing materials.
The CSIRO team released a report on
the application of the tool to testing
assumptions about the future supply of
EV battery metals, particularly cobalt,
lithium and nickel.
Critical Energy Metals Missionin‑development lead, Dr Jerad Ford,
says the PSFF tool takes into account
factors not currently accounted for
in traditional forecasting models,
which ignore the dynamics of global
materials flows and expected changes in
underlying technologies.
Future demand for cobalt and nickel
mined from primary ores, for example,
may be impacted by changes in battery
chemistry, more rapid EV uptake, and
higher levels of recycling.
This could result in unexpected gluts,
shortages and other fluctuations, instead
of progressively rising demand trends.
For industry, the PSFF tool could be used
to model market assumptions for any
major new technology requiring a new
mix of metals.
Dr Ford’s colleague, Dr Jim West, says
CSIRO’s aim in developing the tool is to
“help Australian industry identify risks
and opportunities on the path to a low
carbon future”.
DR ANNA KAKSONEN
+61 8 9333 6253
anna.kaksonen@csiro.au

“The benefit of biotechnology is that it
can be applied at relatively small scales,
and scaled up or down, unlike smelters,
which are fixed infrastructure and
require high-volume feedstocks to be
economic,” says Dr Kaksonen.
Business ventures like Germany’s BRAIN
BioXtractor and New Zealand-based
Mint Innovations have already begun to
use biomining and biorefining to isolate
base metals and precious metals such as
gold from e-waste in urban and mobile
processing facilities.
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Two of the laboratory-scale bioreactors
used by the Perth team to assess the
feasibility of microbial solutions to
leach metals from shredded and milled
printed circuit boards.

WATER SECURITY

HOW SCIENCE IS
BOOSTING AUSTRALIA’S
WATER SECURITY

Scientists and researchers from across CSIRO are developing innovative projects to bank
water for future needs. JANE NICHOLLS reports
Like all precious resources, water
is finite. CSIRO scientists and
researchers work on technologies and
methodologies to advance the circular
economy for mineral resources, so too
are they finding ways to make the most
of every drop of our water.
Regional Australia bears the brunt
of the nation’s extreme weather,
which is increasing in frequency and
severity because of climate change.
That’s why CSIRO recently launched its
Drought Resilience Mission, which aims
to reduce the impacts of drought in
Australia by 30 per cent by 2030.
Dr Declan Page is a groundwater
systems expert at CSIRO working on key
Drought Resilience Mission projects.
He’s spent more than 15 years working
on Managed Aquifer Recharge (MAR)
and water banking. “We take available
sources of water – natural river water,
mine water, industrial water, wastewater,
urban stormwater – recharge it into
an aquifer and then recover it later for
beneficial use.”

Aquifers are natural underground
reservoirs, storing water in porous
or fractured rock or loose sediments.
The recharge process can be achieved
either by natural infiltration, via a
shallow depression in the ground, or
injected by pumping it into a deeper
aquifer via a well.

AQUIFERS IN
ACTION
There are urban, regional and remote
MAR demonstration projects underway,
and several that are well established.
“For example, here in Adelaide, where
I live, the local councils inject urban
stormwater into a brackish aquifer
200m deep, and recover it in summer
for greenspace irrigation,” says Dr Page.
“That’s been going on now for decades.”
Another project in Perth puts purified
recycled water into a deep aquifer.
“Rather than build another seawater
desalination plant, it is cheaper to
recycle treated wastewater via aquifers,”

explains Dr Page. “It is treated to a very
high degree – even beyond drinking
water standard – and injected into the
same drinking water source aquifer to
replenish the groundwater.”
This groundwater replenishment scheme
stops the decline of groundwater
volumes. “It takes about 50 years from
the point of injection of the recycled
water for it to reach the point of
recovery for drinking water. The public
is quite comfortable about that now, and
there’s no longer a focus on the source
of the recycled water.”
Learnings from such projects in urban
areas are now being taken to the
regions, although the technology is in
some ways the easy part.
“The biggest limitations in Australia
are the economics and the variable
policy environment, rather than how to
get water into and out of the ground,
but if we can bring water banking
from boutique to mainstream we will
enhance regional areas’ resilience to
future droughts.”
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Ethel Gorge in the Ophthalmia Basin is an environmentally important area south of the MAR assessment region in the Pilbara.
Image: Dr Olga Barron

EXPLORING WATER
OPPORTUNITIES IN
THE PILBARA

DPIRD wants to discover if aquifers in
the area are suitable to be replenished,
either from those brief periods of
heavy rainfall, but more likely from
“mine dewatering”.

DRILLING INTO THE
DETAILS – AND
THE DATA

The far north-west of Australia is famous
as iron-ore country, and beneath the
red dirt are numerous aquifers, home to
groundwater and potential MAR storage
systems for mine dewatering and run-off
from cyclonic rainfall.

“In the Eastern Pilbara, there are a
number of different miners along the
ridge and a lot of the ore at this stage
is below the water table,” explains John
Simons, Senior Research Scientist in
DPIRD’s Water Science group.

With the support of BHP, scientists
have been working since 2019 “on the
characterisation of the groundwater
systems of the region to understand the
MAR opportunities”, says Dr Barron.

“The WA Department of Primary
Industries and Regional Development
(DPIRD) set up its Transforming
Agriculture in the Pilbara (TAP) program
to review water availability, soil quality
and agricultural opportunities in three
selected regions of the Pilbara,” says
Dr Olga Barron, CSIRO groundwater
management expert. “One region is
close to Newman, Eastern Pilbara’s
main town.”

He’s been working with CSIRO and
various mining companies to assess the
environmental and technical feasibility
of taking surplus water from mining
operations and storing it in aquifers for
irrigated agriculture.

Mining operations in the region date
back to 1968. “In the Pilbara, rainfall
can be substantial at times, but it’s
infrequent and any long-term irrigated
agriculture development would need
reliable water,” says Dr Barron.
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“Most of the currently mined iron ore
deposits in the region are associated
with aquifers, so they need to remove
quite a substantial amount of water to
reach them,” explains Dr Barron.
“We approached BHP to let them know
about the project – looking for MAR
opportunities that would store water to
be used later for irrigation. They were
happy to be involved – as they plan
expanding mining operations, they will
have even more water surplus.”
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“It’s a data-poor area – very little
is known about the underground
structures of aquifers, which is critical in
order to understand how effective MAR
could be,” she says. “BHP has co-funded
some geophysical surveys and drilling
programs to help us better characterise
the systems, because while there are
general guidelines for MAR, when it
comes to establish a scheme, you need
that site-specific knowledge.”
Mr Simons says that Dr Aaron Davis,
Principal Research Scientist and Team
Leader from CSIRO’s Mineral Resources
managed an airborne electromagnetic
survey. “We focused on an area
that doesn’t have mining prospects,
so there’d be no land conflict,”
explains Mr Simons. “They did the
data acquisition and processed it to
give us an idea of where to look for
MAR opportunities.”

Following that, CSIRO’s Dr Mike Donn,
Senior Experimental Scientist and
water specialist, came to the aquifer
party. “He will run the data against the
Australian guidelines for MAR – and
look at whether it is actually feasible out
north of Newman to tap into the mine
dewatering surplus, and put it into the
ground for later use,” says Mr Simons.
Mr Simons says that the mining
outlook in the area for at least another
30 years, and that as the dewatering
volume increases, so will the potential
“to use that water beneficially in
irrigated agriculture”.
More CSIRO scientists are working
on the geophysics, hydrology and
geochemistry to better understand
the characteristics of the aquifers
they’re identifying.
“The use of environmental tracers, such
as noble gases, and naturally occurring
isotopes in the water, is very useful,”
says Dr Barron. “The combination
of those tracers allows us to infer
what kind of replenishment is already
happening, how aquifers are connected
or disconnected, historical flows and
how quickly the groundwater is moving.
If it’s moving too fast, you might not be
able to store much water. We have to
integrate all that data.”
CSIRO groundwater modellers will
help DPIRD determine the physical
feasibility of storing water in the
aquifers. “We need to know whether it
will ‘mound up’ for us so we can extract
it later, or if it will go sideways and
disappear,” says Mr Simons. “We’re still
working through that one!”

HOW ABOUT A
PILBARA PEACH?
Mr Simons jokes that he stays sane
because he’s doing land and water
assessment, but the next steps on the
economics and proof of concept fall to
his DPIRD colleague Dr Chris Schelfhout,
project manager for the TAP project.
“For some years we have been
proving up land and water resources
for prospective irrigated agricultural
development in the Pilbara,”
Dr Schelfhout explains.
“TAP is looking at irrigated crop
opportunities right across the Pilbara,
but there are significant climate
differences between coastal parts of the
Pilbara and the inland, more elevated
regions, such as the Newman area.”
“Recognising that the winter nights are
particularly cold in Newman, we decided
it may be possible to grow stonefruit
and high-value horticultural crops,”
he says. The dream would be to grow for
the domestic out-of-season market and
replace some US imports.
A proof-of-concept test site was planted
out at Martu Farm near Newman in
2018, with fruit trees, horticulture crops
and a range of field crops, including
lucerne, sorghums and millets and
temperate cereals such as wheat, oats
and barley. “We’ve had some quite
exceptional yields, including triticale
varieties that yielded the equivalent of
close to 10 tonnes per hectare,” says
Dr Schelfhout.

“We’re getting better insights into
what crops may be a good fit for that
Newman location, where we would
use surplus mine dewater and MAR as
irrigation. We believe there’s potentially
tens of gigalitres of water available for
irrigation, which could allow between
1000 and 3000 hectares of irrigated
ag development in the area, so it’s
quite significant.”
The test crop of stonefruit “wasn’t overly
scientific”, says Dr Schelfhout. “It was
a case of putting them in the ground,
fertilising and watering them, seeing
if they went through that natural cycle
of going to dormancy over winter,
when are they flowering, when are they
fruiting, and how does that align with
possible market opportunities”.
This October, the plan bore fruit,
literally. “We had a good crop of peaches
and nectarines,” says Dr Schelfhout.
“More agronomic research needs to
be done to see how early we can push
that cropping season to capitalise on
the out‑of-season market or to replace
imports, but some of these young trees
were laden with fruit, no significant
pests or diseases. And they were really
good to eat!”
It’s no surprise: The circular economy
always tastes sweet.
DR DECLAN PAGE
+61 8 8303 8748
declan.page@csiro.au

They must make sure that the stored
aquifer water wouldn’t be so shallow as
to allow the surface vegetation to access
it, but also big enough for extraction,
and not too deep so as to make it
uneconomic. “We make sure we have
no adverse effects on current users, the
environment or cultural heritage,” says
Mr Simons.

Our Drought Resilience
Mission aims to
reduce the impacts of
drought in Australia by
30 per cent by 2030.

Pilbara peaches in DPIRD’s
test crop near Newman.
Photo courtesy WA DPIRD

Dr Declan Page, CSIRO
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MINERALOGY

MINERALS
THAT MATTER

BHP Olympic Dam in South Australia Image credit: BHP

Behind all successful mining operations is a deep understanding of a deposit’s
mineralogy — not only the valuable minerals, but also the valueless or ‘gangue’
minerals. One of the main reasons that new mining projects fail is geometallurgical
problems and therefore ongoing mineral characterisation is critical during life-of-mine,
writes IAIN COPP
Since the late 1980s, CSIRO’s Diffraction, Mineralogy and
Geochemistry unit has worked on, among many other
projects, the giant Olympic Dam deposit in South Australia,
an iron-oxide–copper–uranium–silver–gold (IOCG–U) deposit
originally discovered by Western Mining in 1975 and acquired
by BHP in 2005.
It contains more than 135 discrete minerals, including copper
sulfides, uranium minerals and valuable minor minerals
containing zinc, lead, tin and tungsten. Of these, 15 are
critically important to characterise — mostly gangue minerals
like chlorite, hematite and quartz — because they significantly
impact processing, for example gelling events.
Mark Raven, Project Leader for CSIRO’s Mineralogy and
Geochemistry Characterisation unit has long ties with the
project. “Our initial consulting work began in 1990 for Western
Mining to identify the mineral types (qualitative analysis) in
smelter dust using X-ray diffraction (XRD), and then shortly
after analysing the mineralogy of metallurgical slimes.
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So far, we’ve received more than 60,000 samples through
the laboratory, and analysed more than 15,000 samples for
Olympic Dam using quantitative XRD (QXRD), which is worth
around $3 million in contracts,” says Raven.
‘’In 1991, standardless quantitative XRD analysis (QXRD)
using the Rietveld Method became widely available, leading
to more detailed information about mineral structure and
identification. This innovation led CSIRO and partners to
develop SIROQUANT, a commercialised user-friendly software
based on the Rietveld Method, which we then used for
improved analyses at Olympic Dam”.
Raven’s group works closely with Kathy Ehrig, BHP’s
Superintendent Geometallurgy for Olympic Dam, and her team,
who developed a comprehensive geometallurgical program
that aims to avoid ‘processing surprises’ from unknown
ore characteristics, and to help predict the metallurgical
performance across the plant.

They found that the complex breccia textures throughout the
deposit disguises a rather simplistic geochemistry that can
then be used to help predict the mineralogy of each mined
ore-block. Consequently, they were then in a much better
position to predict the different mineral mixes more accurately
across the processing plant and how each would respond to
the metallurgical processes.
Ehrig explains, ‘’The mineralogical problems we need to
solve at Olympic Dam are complex and sometimes require
results very quickly. The sample mineralogy can also be
very challenging, ranging from routine ore samples though
to tailings leach residues, various smelter products and
electrolytic refinery slimes.”
CSIRO has been involved in that ‘no surprises’ workflow now
for many years. Raven shares, “It wasn’t until 2007 when
BHP was planning open-cut operations that our quantitative
analysis work really expanded, and they needed a group that
could deliver consistent results.”
‘’Although an open-cut mine was never developed, we’ve
continued to help BHP through most parts of their processing
plant, including flotation, tailings, smelter and slag feed.
We also get monthly composite samples for quality control of
their on-site laboratory to make sure everything is going OK,”
he says.
Ehrig is a great supporter of Raven’s work at CSIRO. ‘’Mark has
always provided superb XRD support for BHP’s Olympic Dam
project. His expertise in quantitative XRD is world class, and
I’ve relied on him to help solve our technical problems,’’
praises Ehrig.
CSIRO’s mineral analysis expertise began with Keith Norrish
in 1946 with clay characterisation of soils, which then grew
during the following 75 years to include rocks, ores and
minerals for exploration and mining. It now also extends to
analyses of industrial products and chemicals.

Raven said the CSIRO team analysed around 3000 samples
from kaolinite deposits over the last couple of years and
are making great progress in identifying the clay using
QXRD techniques.
Recognition of CSIRO’s mineral characterisation proficiency
has come from recent successes in the Reynolds Cup, a biennial
global competition for accuracy in quantitative mineral
analysis, with emphasis on clay mineralogy. Each participating
laboratory analyses three blind samples containing mineral
mixtures commonly found in clay bearing rocks or soils.
“We came second last year, having won the Cup in 2010, and
have done pretty well since with a couple of seconds, and
thirds and fourths,’’ says Raven. Such successes underscores
CSIRO’s world-class mineralogical and geochemical
characterisation capability and bestows Raven’s team with
great confidence in their techniques and mineral knowledge.
In the future, Raven would like to see more automation
in mineral identification. ‘’I see a future outcome for
mineralogical analysis in using processes that are a lot more
user friendly, but also developed specifically for different
deposit types,” Raven says.
‘’You could potentially develop an automated modular system
for each deposit type, going from the ore stage, all the way
through the processing steps and then to the final product,
with each analysis step designed specifically for say the
concentrates, the slag or the tailings’’.
MARK RAVEN
+61 8 8303 8497
mark.raven@csiro.au

Recently, the group has been analysing the mineral
halloysite, a distinctive aluminosilicate clay mineral with
a cylindrical or nanotube structure. Halloysite nanotubes
(HNTs) are emerging as an extremely versatile mineral for
drug delivery, nanotemplating and nanocomposites, and
perhaps most significantly as a potential absorbent for
carbon‑dioxide capture.

I see a future outcome for
mineralogical analysis in using
processes that are a lot more
user friendly, but also developed
specifically for different deposit
types. Mr Mark Raven, CSIRO

Flotation circuit at Olympic Dam for recovering
copper‑bearing sulfides
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CARBON CAPTURE AND STORAGE

DEVELOPING BEST PRACTICE
MONITORING METHODS
FOR OFFSHORE CARBON
SEQUESTRATION
Carbon capture and storage (CCS) in rocks of the offshore continental margins is an
exciting and rapidly-expanding area of opportunity. A recent CSIRO project focused on
developing robust measurement and monitoring approaches to provide assurance of
subsurface CO2 storage. RUTH DAWKINS reports

CCS: A QUICK
EXPLAINER
CCS is the process of capturing and
storing CO2 emissions with the
aim of reducing the amount of CO2
reaching the atmosphere.
CO2 is captured as either a
by‑product of industrial processes,
or from waste process or flue gases,
using a variety of technologies.
The captured CO2 is compressed,
dried and transported to
an injection site where it is
sequestered underground for safe,
permanent storage in suitable
geological formations. While many
CCS sites are located onshore, there
is significant CO2 storage potential
in the rocks of the offshore
continental margins.
The Australian Government
has identified CCS as a priority
low‑emissions technology that
will play an important role in our
transition to a low emissions future.

Image: A Lander recovered after
9 month deployment shows level
of biofouling by marine organisms
despite antifouling measures
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THE IMPORTANCE
OF MEASURING AND
MONITORING IN
OFFSHORE CCS
Many CCS technologies are well developed
and have been used for decades by the
petroleum industry. Offshore CCS has
been operational in Norway since the mid
1990s, and as CCS scales up worldwide, we
are seeing rapid growth in the number of
offshore CCS projects under consideration.
Assuring the safe storage of CO2 requires
robust measurement, monitoring and
verification (MMV) processes to be in
place that would enable any CO2 leaks
from a CCS site to be both quickly
identified and effectively managed. In
Australia, this is a regulatory requirement.
CSIRO, in collaboration with Australian
National Low Emissions Coal Research and
Development (ANLEC R&D), has recently
undertaken several projects to assess a
range of MMV methods and technologies
that can be used in marine environments.
The projects took place in shallow waters
off Gippsland in Victoria - an area widely
recognised as a feasible option for CCS in
Australia due to its proximity to industrial
CO2 sources and promising geological
storage potential.
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CSIRO’s project site overlapped with the
offshore subsurface storage location
proposed by CarbonNet - an initiative
funded by the Australian and Victorian
governments to investigate the potential
for establishing a commercial scale CCS
network in the region – and the research
outcomes will help support informed
decision making by the CarbonNet team.
Dr Nick Hoffman, Geosequestration
Advisor to the CarbonNet Project notes
the importance of monitoring in order to
address community concerns.
“Once we selected the Pelican storage site
it was clear that we would have to learn
more about how to effectively monitor the

The Gippsland project
offered a valuable
opportunity to evaluate
the capabilities of
MMV technology in
real‑world conditions
Dr Andrew Ross, CSIRO

storage site and the localised environment
to demonstrate to all stakeholders that the
CO2 was being safely and effectively stored
deep underground.” says Dr Hoffman.
According to CSIRO’s Project Leader
Dr Andrew Ross, the Gippsland project
offered a valuable opportunity to evaluate
the capabilities of MMV technology in
real-world conditions.
“We were conducting tests in relatively
shallow water, only about 20-30 metres
deep,” says Dr Ross. “But the area has very
challenging oceanography. There are high
energy currents and lots of wave action.
It’s about as hard as you can get for
marine monitoring activities.”

WHAT SHOULD WE
MEASURE, AND
HOW SHOULD WE
MEASURE IT?
The first key objective of CSIRO’s research
was to gain knowledge about the coastal
subsea environment and any unique
features that exist there. This was achieved
through conventional marine surveys that
were conducted throughout the year to
help understand any natural variability.
The surveys involved the collection of data
on bathymetry, sediment, biology and
oceanography to characterise the area
and develop an initial baseline assessment
from which change can be monitored.
Securing a greater understanding of
the marine environment at a proposed
CCS site is important because it reveals
what degree of natural variability
occurs, and helps to inform the scale of
monitoring required for potential future
projects. It can also help identify possible
‘false‑alarms’ – natural events which could
be mistaken for a CO2release due to it
having a similar signature.

CSIRO deployed a range of marine
equipment that could be used to
measure, monitor and verify the
effectiveness of CCS in shallow coastal
waters off Gippsland, Victoria (Australia),
close to the proposed CarbonNet carbon
capture and storage site

“There has to be an element of
pragmatism about what we can
monitor,” says Dr Ross. “Theoretically
you could measure everything, but we
understand that some things change
naturally. In a risk-based monitoring
scheme we need to try and focus on
monitoring change in the areas where
we best understand that variability.”

DEPLOYING AND
EVALUATING
STATE-OF-THE-ART
EQUIPMENT
The second key research objective was
to develop accurate, on-demand MMV
methods that can measure and correctly
attribute small changes in dissolved
CO2 and identify gas bubbles in shallow
coastal ecosystems.
Identifying the best-performing
methods and technologies will enable
industry to make informed decisions
about what approaches to deploy in
future to monitor offshore CCS sites.
“There has been some testing of this
kind in Europe,” says Dr Ross. “But very
little in Australia. We were really looking
for the optimal solution - what can we
deploy that is efficient, effective and
can provide assurance without being
prohibitive from a cost perspective.”
Dr Hoffman agrees that applying an
economic lens to the research is vital in
order to secure progress. “The technical
aspects of storing CO2 in the subsurface
are straightforward. The international
oil and gas industry has been producing,
injecting, and storing fluids for
over a century and we have learned
significantly from their experience and
adapted and modified many of their
methods. However, we are all aware that
especially in Australia efforts to manage
CO2 emissions have been politically
contentious and subject to fluctuating
societal demands to clean-up the
atmosphere but at a manageable cost.”
The research team deployed a network
of fixed marine moorings and landers
(seabed frames) near the CarbonNet
site that were fitted with six acoustic
sensors to monitor for bubbles and
30 geochemical sensors to measure
the existing environmental variables
in oxygen, pH, methane, temperature,
salinity and CO2 levels.
A range of tests were then carried out
to assess how good the sensors were
at detecting changes in CO2 levels and
how the equipment fared in the harsh
marine environment. The assessment of
physical conditions revealed what might

be required in terms of maintenance
and servicing if the technology was
deployed on a long-term basis.
The team also tested an unmanned
surface vehicle equipped with
sensors to determine the suitability of
these mobile platforms as a tool for
monitoring a CCS site.
The project outcomes provide an
insight into the mix of technologies
and approaches that companies
interested in developing marine CCS
could use to set up a monitoring
system. According to Dr Ross, it has
helped find the delicate balance
between cost and confidence.
“What we’ve settled on is a relatively
limited set of equipment that can be
deployed all the time, but a whole
suite of supporting technology that
could be deployed if there were any
anomalies to allow you to probe what
was going on.”

WHERE TO
FROM HERE?
As work continues to establish a
commercial-scale CCS network in
Gippsland, the improved knowledge
of the nearshore marine environment
that is an outcome of CSIRO’s recent
research will be invaluable for decision
makers and industry stakeholders.
It’s hoped that the findings from
this project will also enable the
advancement of MMV methods for
offshore CCS and provide assurances
about a broad range of perceived risks.
Having already moved from conceptual
design to testing the technology in the
field, the next step is exploring how to
best operationalise those designs as
part of potential future CCS projects.
“There are many areas around
Australia and in other countries
internationally where shallow-water
environments may contain suitableCO2
storage sites,” says Dr Hoffman.
“Costs are generally cheaper in these
nearshore areas than further offshore,
so there is an important driver to use
these sites, if we can do so safely, and
in full recognition of the diversity and
importance of their ecosystems, and
the sensitivity of local communities.”
ANDREW ROSS
+61 8 6436 8790
andrew.ross@csiro.au
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