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ffective belt support in load zones is essential for efficient, dust and spillage-free conveyor opera-
tion. Martin cradles are engineered to eliminate belt sag where it matters most — minimizing 
fugitive material and providing a stable surface for smooth, reliable performance.

Impact Cradles absorb material shock to protect belts and reduce wear at high-impact transfer 
points, while High Speed Impact Cradles withstand the toughest and fastest high-tonnage applica-
tions with unmatched durability. The Modular Slider Cradle offers edge-to-edge support with a 
low-friction surface, streamlined maintenance, and modular flexibility to extend coverage as needed. 
For superior adaptability, the Combination Cradle integrates roller and bar designs to reduce power 
consumption, eliminate sag and ensure a perfect seal in the load zone.

Martincradles ensure your loads stay secure and controlled under the most challenging conditions.
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Introduced more than 
three decades ago, the 
139-tonne (153-ton)  
Cat® 785 Mining Truck 
has been a proven 
performer on mining and 
quarry operations around 
the world ever since. 
Today’s 785 combines a 
game-changing level of 
efficiency with high physical 
availability to deliver 
the next generation of 
productive hauling.
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TRAINING CHALLENGES
Many industries are facing the retirement of workers with 
expertise and knowledge, leaving them without adequate 
mentorship. This has both good and bad aspects. Although 
basic on-the-job training passed down from worker to worker 
is valuable, it can leave organisations vulnerable to past 
workers teaching bad habits.

Unless the operations personnel have solid, real-world 
knowledge in bulk material handling to make educated 
decisions when addressing problems, bad habits are easily 
perpetuated. Knowledge needs to help maintenance workers 
avoid costly and dangerous trial-and-error learning.

Understanding how and why accidents happen is also critical 
in preventing them from occurring. Having knowledgeable 
trainers who address the symptoms of problems with 
workable long-term solutions will reduce unsafe practices 
and improve efficiency while enhancing profitability.

SEEK DEEPER UNDERSTANDING
In many operations, there is a lack of qualified conveyor 
trainers. Equipment vendors and third-party trainers can 
be highly effective sources of training. However, with 
hundreds of companies providing such services, expertise 
and approaches can vary widely.

Training specialists from equipment manufacturers who 
offer training programs like Martin Engineering, focus 
on overall conveyor performance and safety training. 

Keys to successful conveyor 
safety & maintenance training

Conveyor drive motors can be as large as 600 HP (450 kW), 
moving belts as fast as 2000 fpm (10 mps).

Bulk-handling conveyors are massive, powerful systems that move tons of material per hour in 
complex networks over long distances. Whether the systems are in a mine, cement plant, port, or 
quarry, their size, speed, and power present the risk of catastrophic injury in the blink of an eye. 
This makes training essential, no matter what activity is happening around a conveyor.
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Combining deep industry experience and 
modern engineering will significantly improve 
operating decisions, resulting in higher 
productivity, fewer safety incidents, and 
reduced unplanned outages.

Qualified teachers should provide a variety of 
delivery methods based on different learning 
styles. For example, they should provide 
good graphics for visual learners, clear 
documentation for those who learn best by 
reading, demonstration models, or actual 
equipment for hands-on learners. These 
methods should all be designed to increase 
the probability of measurable positive results.
 
THE PAYBACK ON QUALITY TRAINING
Organisations that embrace an effective 
training culture from the top down show 
significant performance advantages over 
the competition. This is reflected in safety, 
productivity, and environmental records, as 
well as above-industry-average financial 
returns and share prices.

While many training efforts aim to maximise 
productivity, improving safety is a key element 
in achieving this objective. Insufficient safety 
training can be incredibly costly to an operation. 
When companies ensure workers have adequate 
training on particular risks, costs are minimised. 
Instead of simply teaching workers how to 
maintain a conveyor system, educators must 
also help students understand the consequences 
of not performing adequate maintenance.

With over 80 years of solving bulk handling 
challenges, the Martin Engineering 
Foundations™ Training has established itself 
as the most detailed and comprehensive 
conveyor belt maintenance and safety 
training system in the bulk handling industry. 
Using the Foundations™ textbooks, onsite 
trainers provide both classroom and hands-on 
training on the equipment trainees experience 
daily. The free online Martin® Foundations™ 
Learning Center, accessible by computer, 
tablet, or smartphone, supports the lessons 
and is available 24/7. It uses a mix of text, 
photos, videos, webinars, online events, and 
live experts available to answer questions.

Martin trainers use the most effective training 
approach, which examines a plant’s specific 
conveyor challenges and helps companies run 
cleaner, safer, and more productive operations 
by treating the root causes of their problems. 
When workers and management understand 
why specific actions are essential and the 
cascading effects of poorly trained staff, they 
are more likely to adjust their behaviors and 
reap the benefits.

Jerad Heitzler
Training Manager / Martin Engineering
Todd Swinderman
P.E. and CEO Emeritus / Martin Engineering

Bulk handling specialists who conduct a site-specific analysis before any 
training sessions.

Some conveyor training providers offer online options that are available 
24/7.

Expert trainers who focus on operational issues and safety, not selling 
products.
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Lucara sells two exceptional diamonds for $54m

Anglo American reaches technological milestone

Diamond miner Lucara 
Diamond Corp has sold the 
549 ct Sethunya and the 1 
080 ct Eva Star diamonds, 
recovered at its Karowe mine, 
in Botswana, for $54-million.

The Sethunya, recovered 
in 2021, and the Eva 
Star, discovered in 2023, 
showcase the remarkable 
quality and size of diamonds 
consistently produced 
from the South Lobe of 
the Karowe kimberlite. 
These exceptional stones 
underscore Karowe’s 
position as one of the 
world’s most prolific 
sources of large, high-value 
diamonds, Lucara states. 

“The sale of these two 
extraordinary diamonds 
further validates our 
investment in the Karowe 

underground project. The 
unique characteristics 
of Karowe’s kimberlite, 
particularly in the South 
Lobe, continue to amaze 

All of Anglo American’s 
underground coal mines 
in Queensland’s Bowen 
Basin are now operating 
simultaneously from remote 
operation centres (ROCs).

The milestone is the 
culmination of Anglo 
American’s 10-year vision 
for a ‘mine of the future’, 
with its central Queensland 
underground operations 

also notching up 10,000 
longwall mining shears from 
the ROCs.

“At Anglo American, we 
have re-imagined mines 
where our people can 
remotely manage operations 
from a safe distance, using 
real-time data to make 
informed decisions,” Anglo 
American automation 
superintendent Matthew 

us with its ability to produce 
diamonds of exceptional 
size and quality. The 
mineralogy we’re seeing 
is truly unprecedented in 

the industry, consistently 
delivering Type IIa diamonds 
of remarkable clarity and 
size,” adds president and 
CEO William Lamb.

Wakeford said.
“Since transitioning to 

remote operations, we have 
reduced exposure risk to 
hazardous areas by 22,500 
hours across our Bowen 
Basin mine sites.”

In Australia, the 
company’s technology 
journey has also involved 
using personal proximity 
detection systems to keep 

coal mine workers safe 
underground as well as a 
trial of remote-controlled 
stockpile dozers.

“Our people are 
irreplaceable, and we are 
equipping them to grow 
with the industry, preserving 
a legacy of knowledge 
that will always be 
essential to our success,” 
Anglo American head of 
operations Matt Cooper 
said.

“Each advancement 
towards our vision 
introduced new obstacles, 
requiring the development of 
further technology capable 
of meeting the unique 
demands.”

The move to tele-
remote dozers is expected 
to reduce in-cab dozer 
exposure time by 45,000 to 
75,000 hours a year.

“Operating our fleet 
of dozers from a safe 
distance will reduce the 
number of hours in the 
cab and fully remove our 
operators from the dozer 
seat in what is another 
significant advancement 
in autonomous mining,” 
Wakeford said.
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Record 
performance 
for evolution

What the US steel and aluminium tariff means 
for Australia

A record financial 
performance in the first half 
of the 2024-25 financial 
year (FY25) has driven a 
250% dividend increase for 
Evolution Mining.

The company remains 
on track to deliver FY25 
production guidance of 
710,000-780,000 ounces 
of gold and 70,000-80,000 
tonnes of copper.

Statutory net profit was up 
277% to $365 million, while 
record underlying net profit 
hit $385 million, up 144%.

“We have seen the 
benefits of the foundations 
laid during FY24 resulting 
in consistent and reliable 
delivery in FY25, with 
record breaking financial 
results and significant cash 
flow generation achieved 
in the first half,” Evolution 
managing director and chief 
executive officer Lawrie 
Conway said.

“It is very satisfying to 
finish the first half on plan 
supported by an improved 
safety performance.”

Evolution recorded a drop 
in total recordable injury 
frequency by 39% to 5.44.

“With spot prices well 
above the achieved prices 
in the first half and the 
business well placed to 
deliver on FY25 guidance, 
we are on track to generate 
over $2 billion of operating 
cash flow for the year, 
which will continue to see 
improved returns to our 
shareholders,” Conway said.

“I wish to thank all of our 
people and stakeholders for 
their outstanding effort and 
contribution in delivering this 
record breaking result.”

US President Donald 
Trump is considering a tariff 
exemption for Australian 
steel and aluminium 
exports, following a call with 
Australian Prime Minister 
Anthony Albanese.

But if the exemption is 
not granted, what does 
the US tariff mean for the 
Australian mining industry, 
and how has local industry 
responded? 

Recently Donald Trump 
announced a 25% tariff 
on all steel and aluminium 
imports into the United 
States.

The tariff will impact every 
country that exports steel 
and aluminium to the US, 
including from Australia.

While signing two 
executive orders to 
introduce the new taxes, 
Trump told reporters there 
will be “no exemptions or 
exceptions” to his tariffs.

“Our nation requires steel 
and aluminium to be made 
in America, not in foreign 
lands,” Trump said.

“We need to create 
in order to protect our 
country’s future … 
Protecting our steel and 
aluminium industries is a 
must.”

However, shortly after 
this declaration, Albanese 
held a press conference 

in Canberra where he 
said a tariff exemption 
for Australian steel 
and aluminium exports 
to the US was “under 
consideration” by Trump 
after he spoke with the US 
President.

“I presented Australia’s 
case for an exemption and 
we agreed on (the) wording 
to say publicly, which is that 
the US President agreed 
that an exemption was 
under consideration in the 
interests of both of our 
countries,” Albanese said.

If Albanese’s case for an 
exemption is successful, 
he would be following in 
the footsteps of former 
Australian Prime Minister 
Malcolm Turnbull, who 
successfully negotiated 
Australia out of similar tariffs 
during Trump’s first term in 
May 2018.

Industry response
The US tariffs on steel 

and aluminium are due to 
come into effect on March 
4. They will impact every 
country that exports steel 
and aluminium to the US.

The Minerals Council of 
Australia chief executive 
officer Tania Constable 
said the tariffs “would have 
significant implications for 
Australian industry”.

“Steel and aluminium are 

not just key to industrial 
production but are critical 
to defence, technology, and 
advanced manufacturing 
supply chains,” Constable 
said.

“These proposed 
tariffs set a concerning 
precedent. Action is needed 
now to ensure that trade 
restrictions do not expand 
to critical minerals and other 
resources that are vital to 
Australia’s economic future 
and global supply chains.”

Australia’s aluminium 
export sector generated 
$257 million from US 
imports during the 2023-
24 financial year, and 
Australia’s iron and steel 
export sector delivered 
$US238 million ($377 
million) from US imports in 
2023.

If Australia is not 
granted a tariff exemption, 
the country’s steel and 
aluminium sectors could 
face heightened costs and 
diminished demand.

While aluminium is 
considered a critical mineral 
in the US, it is not currently 
on Australia’s critical 
minerals list. The Australian 
Aluminium Council is calling 
for it, alongside bauxite and 
alumina, to be added as 
the sector is “vulnerable to 
disruption”.
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Rio2 celebrates official start of Fenix Gold Mine

Drive for increased production 
launched at Hamnam Area 
Coal-mining Complex of DPRK

China, Pakistan pledge 
to boost cooperation on 
infrastructure, mining projects

Vancouver-based Rio2 
recently celebrated the 
official start of construction 
of its Fenix gold mine, in 
the Maricunga gold belt of 
Chile’s Atacama. 

The event, held recently, 
was attended by Mining 
Minister Aurora Williams 
Baussa, deputy Atacama 
Governor Mario Silva Álvarez 
and Sonami president 
Jorge Valdivieso, as well as 
representatives of regional 
communities and regional 
government entities.

Rio2 restarted 
construction activities at 
Fenix in October after 
successfully completing a 
debt and equity financing for 
the construction of the mine 
earlier that month.

The projected construction 
capital expenditure for 
2025 is estimated to 

be $122-million, with 
construction expected to 
be completed in November. 
First gold production is 
currently guided for January 
2026.

The Fenix project is one 
of the largest undeveloped 
gold oxide, heap leach 
projects in the Americas, 
hosting a measured and 
indicated mineral resource 

of 4.8-million ounces of gold.
The project will operate 

as a run-of-mine heap 
leach facility, eliminating the 
need for crushing or tailings 
storage facilities.

The Hamnam Area Coal-
mining Complex in the 
DPRK wages a dynamic 
drive for increased 
production.

The complex has turned 
out a larger amount of coal 
every day than planned 
by giving precedence to 
securing reserve cutting 
faces and consolidating 
the material and technical 
foundations of its repairs and 
maintenance shops with its 
own efforts and technology.

Coal miners of the 
Sudong Coal Mine, who 
were the first to carry out 
the coal production plan 
for January, are making a 
collective innovation.

The Kowon Coal Mine has 

produced lots of coal every 
day by organising labour 
rationally and resolving the 
technological problems 
arising in enhancing the 
safety of electric-car lines 
and the efficiency of coal 
transport.

The Ungok Coal Mine has 
maintained the transport 
system very well in keeping 
with the increase in 
production. The Kyongdun 
Coal Mine, too, has fulfilled 
its daily plan by actively 
applying efficient working 
methods.

Amid a dynamic socialist 
emulation among units, 
members of the youth shock 
brigades, including the Kim 
Hyok Youth Shock Brigade 

at the Kowon Coal Mine 
and the Kim Jin Youth 
Shock Brigade at the 
Sudong Coal Mine, are 
making a breakthrough 
for increased production 
at all the difficult and 
labor consuming faces 
with high enthusiasm.

China and Pakistan will 
upgrade and reconstruct 
Pakistan’s railway network 
and further develop its 
Gwadar port, while Chinese 
companies can invest in the 
South Asian nation’s offshore 
oil and gas developments, the 
official Xinhua news agency 
reported.

The comments came as 
Pakistan’s President Asif Ali 
Zardari visits China from, 
where he will also attend the 
opening ceremony of the 
Asian Winter Games.

Chinese investment and 
financial support for Pakistan 
since 2013 have been a boon 
for the South Asian nation’s 
struggling economy.

The two countries have 
had close ties underpinned 
by long-standing wariness 
of their common neighbour, 
India, and a desire to hedge 
against U.S. influence across 
the region.

Pakistan and China 
recognised the importance 
of Pakistan’s “Gwadar Port 

and agreed to fully unleash 
its potential as a key node 
for connectivity and trade,” 
Xinhua said quoting a joint 
statement from the two 
countries.

Chinese-funded enterprises 
would be encouraged to 
“carry out mining investment 
cooperation in Pakistan” and 
cooperate in terrestrial and 
marine geological resources.

“Pakistan welcomes 
Chinese companies to 
participate in the development 
of offshore oil and gas 
resources in Pakistan.”

Longtime Pakistan ally 
China has thousands of 
nationals working on projects 
grouped under the China-
Pakistan Economic Corridor 
(CPEC).
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Ukrainian President 
Volodymyr Zelenskyy said 
the US dropped its demand 
for Kyiv to commit to paying 
$500-billion as part of talks 
to give Washington a cut of 
the country’s mineral wealth.

But Zelenskyy insisted 
at a news conference 
recently,that US military 
support must be part of 
any deal, in a sign of how 
far both countries are from 
reaching an agreement.

US President Donald 
Trump and his deputies 
have pressured Zelenskyy 
to accept the deal on 
tapping revenues from 
Ukraine’s mineral wealth 
and other assets. The plan 
was first presented by 
Treasury Secretary Scott 
Bessent in Kyiv recently.

Ukraine’s leader rejected 
it, saying the proposal 
didn’t offer the robust 
security guarantees Ukraine 
seeks against Moscow’s 
aggression.

The White House sees 
the minerals deal as an 
integral part of its plan to 
broker a ceasefire in the 
three-year war after the US 

held direct talks with Russia 
in Saudi Arabia.

That meeting raised fears 
that Ukraine would be shut 
out of negotiations over its 
own future.

The deal must be “win-
win” for Ukraine and the US, 
Zelenskyy said.

Trump has said he 
wants the equivalent of 
$500-billion to compensate 
the US for its previous 
support to Kyiv. The Ukraine 
sees the actual assistance 
provided by the US since 
the start of Russia’s full-
scale invasion in 2022 as 
closer to $90-billion.

Zelenskyy said he 
rejected the US argument 
that American companies 
doing business in Ukraine 
would itself serve as a form 
of security guarantee.

Bessent discussed the 
contours of the potential 
agreement saying the US 
can help propel Ukraine 
onto a “great growth 
trajectory”.

“The first part of this is 
a partnership between 
Ukraine and the US that 
involves strategic minerals, 

energy, and state owned 
enterprises, where we set 
up a partnership and we 
are only looking forward,” 
Bessent said. Instead of a 
military guarantee, the US 
is offering an “economic 
security guarantee,” he 
added.

Zelenskyy’s top adviser 
Andriy Yermak said that 
talks with the US were 
advancing.

Disputes over the framing 
of the deal led to escalating 
rhetoric, with Trump calling 
his Ukrainian counterpart a 
“dictator” while Zelenskyy 
accused him of parroting 
Russian disinformation.

Ukraine has no major 

rare earth reserves that are 
internationally recognised 
as economically viable, 
despite reports it’s sitting on 
a $10-trillion trove of mineral 
deposits.

And while it has 
commercial mines of critical 
minerals like titanium and 
gallium, they aren’t likely to 
be worth the sums Trump 
has floated.

Zelenskyy said recently 
that talks on the deal will 
allow Ukraine to conduct a 
real survey of its minerals 
reserves, including their 
ownership status. He said 
he didn’t rule out Kyiv 
retaking assets that have 
been obtained illegally. 

Western Australia’s push to 
establish a vanadium battery 
industry has gained further 
momentum, with the State 
Government committing to a 
reduced royalty framework 
and additional funding for 
industrial areas.

WA Premier Roger Cook 
announced that if re-elected, 
the WA Government would 
introduce a 2.5% royalty rate 
for vanadium products while 
maintaining a zero royalty 
on vanadium electrolyte.

This builds on the 
party’s recent pledge to 
install a 50-megawatt, 10-
hour vanadium battery in 
Kalgoorlie using locally 
sourced materials.

The Association of Mining 
and Exploration Companies 
(AMEC) has welcomed the 
move.

“AMEC has been 
campaigning for this 
important royalty change 
since 2021, when it became 
obvious that new vanadium 
products, such as vanadium 
pentoxide, weren’t properly 
captured by the state’s 
royalty framework,” AMEC 
chief executive officer 
Warren Pearce said.

“The decision to also 
retain no royalty on 
vanadium electrolyte, 
creates a powerful incentive 

Zelenskyy says US minerals deal must include military guarantees

WA grows vanadium ambitions
for companies to invest in 
going down-stream and 
developing electrolyte, the 
key ingredient in vanadium 
batteries.

“The opportunity for 
Western Australia to value-
add to our vanadium, make 
vanadium electrolyte, and 
build vanadium batteries 
in Western Australia, 
for use here in Western 
Australia and Australia, is 
an opportunity too good to 
miss.”

The WA Government has 
also pledged $500 million 
towards the state’s strategic 
industrial areas, reinforcing 
its support for the emerging 
vanadium sector.

These commitments, 
alongside the Federal 
Government’s Critical 
Minerals Production Tax 

Incentive, will assist in 
positioning WA as a leader in 
vanadium battery production.

The state is home 
to several vanadium 
resources, five of which are 
investment ready.

One of these projects is 
the Australian Vanadium 
project, which is one of the 
largest vanadium deposits 
globally. Situated south of 
Meekatharra, the mine is 
expected to be producing by 
2027.

Australian Vanadium 
Limited – owner of the 
Australian Vanadium project 
– recently announced 
it would join the WA 
Government’s ‘Green 
Energy Major Projects’ 
group while it continues the 
next phase of its optimised 
feasibility study.
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Lucara Diamond Corp has 
reported a record-breaking 
2024, highlighted by the 
recovery of two exceptional 
stones – the 2 488 ct 
‘Motswedi’ diamond and the 
1 094 ct ‘Seriti’ diamond.

Motswedi, which was 
unearthed at the Karowe 
mine in August, is the 
largest diamond to be 
recovered in the last 
century.

Lucara also achieved 
a new milestone in 2024 
with the recovery of 807 
‘specials’ – diamonds larger 
than 10.8 ct – compared 
with 602 ‘specials’ in 2023. 
These accounted for 7.6% 
of the total recovered carats 
from ore processed, up 
from 5.3% in the previous 
year.

Reporting fourth-quarter 
and full-year results on 
Friday, CEO William Lamb 
said 2024 had been a 
“great” one for the Toronto-
listed company.

“The recovery of these 
two exceptional stones, 
and the overall recovery 
of 807 specials, continues 
to demonstrate the 
exceptional Karowe asset 
and confirms Lucara’s 
technical expertise 
and innovative mining 

practices,” he stated.
During the year, 

Karowe processed a 
record 2.9-million tonnes 
of ore, compared with 
2.8-million tonnes in 
2023.

Total revenue for 
the year increased 
by 18%, rising from 
$172.4-million in 2023 to 
$203.4-million in 2024. 
Lucara sold 399 215 ct 
in 2024, up from 379 
287 ct in 2023, with the 
revenue increase driven 
by the sale of the 549 ct 
Sethunya and the 1 080 ct 
Eva Star diamonds, as well 
as an overall increase in 
carat sales.

The Motswedi and Seriti 
diamonds remained unsold. 
The company noted that 
selling and monetising 
diamonds over 1 000 ct 
required considerable time 
due to the complexities of 
marketing, analysis, cutting, 
and polishing.

“The openpit operations 
delivered yet another 
remarkable milestone with 
the recovery of our seventh 
1 000-plus carat diamond,” 
said Lamb.

For the year ended 
December 31, Lucara 
posted a net income from 

Brazilian miner Vale 
reported a $694-million 
loss in the fourth quarter, 
missing estimates and 
swinging from a hefty profit 
a year earlier, as it logged 
impairments on some of 
its base metals assets in 
Canada.

Vale, one of the 
world’s largest iron-ore 
producers, also cut its 
planned spending for 
this year and announced 
fresh remuneration to 
shareholders through 
dividends and a share 
buyback.

The firm’s quarterly 
net loss, far below the 
$1.95-billion profit expected 

by analysts in a LSEG poll 
and the $2.4-billion profit 
a year earlier, was hit by 
impairments of $1.4-billion 
on its Thompson nickel 
operations and $540-million 
on a project to expand its 
Voisey’s Bay mine, both in 
Canada.

Its core profit as 
measured by adjusted 
earnings before interest, 
taxes, depreciation and 
amortisation (EBITDA) 
came in at $3.79-billion in 
the quarter, down 41% and 
below analysts’ estimate of 
$3.96-billion.

Vale last monthreleased 
its sales and production 
report, which showed a 

Diamond miner Lucara hits new production highs

Vale posts $694m loss, dragged down by Canadian assetss

continuing operations of 
$43.6-million, a turnaround 
from the $5-million loss 
recorded in 2023. This 
improvement was primarily 
owing to higher income 
from mining operations and 
a lower deferred income tax 
expense.

A total of 399 215 ct 
were sold, generating 
revenue of $203.9-million, 
including top-up payments 
and payments from the 
Sethunya and Eva Star 
sales. The two diamonds 
were sold for a combined 
$54-million, with Lucara 
recognising $44-million 
in revenue net of fees, 
excluding royalties.

Meanwhile, Lucara 
reported that it was making 
steady progress on the 

Karowe underground 
expansion project, which 
was expected to extend 
the mine’s productive life 
and sustain the recovery 
of diamonds for years to 
come.

Lucara expects to 
sell between 400 000 
ct and 420 000 ct in 
2025 for a total diamond 
revenue of $195-million to 
$225-million. The company 
expects to recover between 
360 000 ct and 400 000 
ct, with ore mined totalling 
1.6-million to two-million 
tonnes and up to 200 000 
t of waste mined. Ore 
processing is estimated at 
2.6-million to 2.9-million 
tonnes, with total cash 
operating costs of $28.50/t 
to $31/t processed. 

near 5% decline in its 
quarterly iron-ore output 
compared to a year 
earlier, although the miner 
notched its highest annual 
production since 2018 in 
the year.

In a separate filing on 
Wednesday, Vale trimmed 
its projected capital 
expenditures for this year 
from $6.5 billion to $5.9 
billion.
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Iluka advancing ‘multi-decade’ rare earths and zircon deposits

Anglo American sets timeline for demerger

Iluka Resources navigated 
a complex global market in 
2024, balancing inflationary 
pressures and shifting 
demand while advancing its 
strategic projects.

Iluka managing director 
and chief executive officer 
Tom O’Leary spoke about 
the company’s ability to 
maintain operational and 
pricing discipline in the face of 
stable-but-evolving conditions 
across the mineral sands and 
rare earths markets.

“Stable markets in 2024 
enabled Iluka to maintain 
operational and pricing 
discipline and achieve sound 
margins,” O’Leary said.

“In parallel, we further 
progressed the transition 
underway in the company’s 
mineral sands business; 

and delivered funding 
certainty for our rare earths 
diversification.”

Despite macroeconomic 
challenges, the company 
achieved higher-than-
expected zircon sand sales 
and reliable synthetic rutile 
contracts provided stability.

The company made $1.1 
billion in mineral sands 
revenue in 2024, with an 
earnings before interest, 
taxes, depreciation, and 
amortisation (EBITDA) 
margin of 42% and $90 
million in net cash as of 
December 31.

While persistent inflation 
in Australia drove up costs, 
Iluka mitigated some impacts 
by running its mines at 
capacity to optimise unit 
costs and meet strong zircon 

Anglo American has 
announced progress on its 
demerger of Anglo American 
Platinum, with plans to 
complete the separation by 
June 2025.

The demerged company 
will be listed on the 
Johannesburg Stock 
Exchange, with an additional 
listing on the London Stock 
Exchange.

Anglo American Platinum, 
one of the world’s leading 
producers of platinum group 
metals (PGMs), declared 
a final dividend and an 
additional cash dividend for 
2024, totalling R16.5 billion 
(approximately $0.9 billion).

Anglo American expects to 

receive around $0.6 billion, 
as a 67% shareholder from 
its dividend distribution.

“We are on a clear timeline 
towards demerging Anglo 
American Platinum in 
June,” Anglo American chief 
executive Duncan Wanblad 
said.

“Consistent with our 
commitment to deliver a 
responsible demerger, Anglo 
American intends to retain 
a 19.9% shareholding in 
Anglo American Platinum in 
order to further help manage 
flowback by reducing 
the absolute size of the 
shareholding that will be 
demerged.”

Wanblad confirmed that 

demand.
Tariffs on Chinese imports 

in Europe, expected to 
influence trade flows from 
early 2025, could offer 
some tailwinds for Iluka’s 
customers.

Looking ahead, Iluka is 
poised to benefit from an 
anticipated market rebound.

“Several pigment 
producers are anticipating 
improved market conditions 
in 2025, which would in-
turn be positive for titanium 
feedstock demand,” O’Leary 
said.

“The company has built 
ilmenite inventory to ensure 
feedstock is available for a 
future restart of our swing 
synthetic rutile asset, SR1, 
when market conditions 
warrant.”

Iluka is pushing ahead 
with its Wimmera project 
in Victoria. The definitive 
feasibility study will focus on 
the WIM100 deposit, one 
of several “multi-decade” 
sources of rare earths and 
zircon that Iluka is looking to 
develop in western Victoria.

The company continued to 
make significant progress in 
its rare earths diversification 
strategy, with the Balranald 
mine in New South Wales 
on track for commissioning 

in the second half of 2025, 
promising robust long-term 
output.

Over a 10-year mine 
life, Balranald will provide 
60,000 tonnes of natural 
rutile per annum, 50,000 
tonnes of high-quality zircon 
per annum, and concentrate 
feedstocks to support the 
production of synthetic rutile 
and rare earths.

Another recent milestone 
for Iluka was securing an 
expanded $1.25 billion 
non-recourse Federal 
Government loan for the 
Eneabba rare earths refinery 
in Western Australia.

“This strategic partnership 
represents one of the most 
significant government 
investments in a critical 
minerals project globally,” 
O’Leary said.

“Iluka’s objective is to 
deliver sustainable value and 
we expect our rare earths 
business to underpin this 
over several decades.

“With the capital structure 
for Eneabba now certain, 
the principal drivers of 
realising that value are 
project delivery, operational 
performance, market 
development and maturing 
additional feedstock options 
to secure longevity.”

Anglo American would 
no longer have board 
representation on Anglo 
American Platinum post-
demerger and plans to exit 
its residual shareholding 
“responsibly over time, and 
subject to customary lock-up 
arrangements”.

The demerger is subject to 
governance and regulatory 
approvals, with Anglo 
American planning to seek 
shareholder approval at its 
annual general meeting in 
April , 2025.

Upon completion, Anglo 
American Platinum will 
be de-consolidated from 
Anglo American’s financial 
statements.

As of December 31, 
2024, Anglo American 
Platinum reported net 
cash of approximately $0.9 
billion, including a customer 
prepayment of $0.6 billion.

The company also 
reported adjusted 
earnings before interest, 
taxes, depreciation and 
amortisation (EBITDA) of 
R19.8 billion (approximately 
$1.1 billion) for 2024.
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Tungsten miner Almonty shareholders approve move to US

Rio Tinto resumes operations at Western Australia's Dampier 
port after five weeks

Vital expands Canada project scoping study to include niobium

Tungsten mining company 
Almonty Industries has 
secured shareholder approval 
to shift its corporate domicile 
from Canada to Delaware, a 
move that the company said 
would enhance its strategic 
positioning in the US.

At a special meeting, 
99.96% of shareholders 
voted in favour of the change.

"The domestication gives 
Almonty great optionality 
going forward and reflects the 

growing importance of the 
United States in our strategic 
positioning, particularly 
given its strong regulatory 
framework for critical 
materials such as tungsten 
and molybdenum," said CEO 
Lewis Black. 

"It will also align our 
corporate structure with 
the location of a significant 
portion of our shareholder 
base and is expected to 
enhance Almonty’s long-

term competitiveness in 
light of global geopolitical 
tensions and policies in 
key economies shifting to 
encourage domestic sourcing 
of critical raw materials. I 
want to thank shareholders 
for overwhelmingly supporting 
this important milestone 
initiative for Almonty."

The move is expected 
to be executed through 
a court-approved plan of 
arrangement under Section 

192 of the Canada Business 
Corporations Act. The 
company is set to seek a 
final order from the Ontario 
Superior Court of Justice. 

Rio Tinto said recently that 
its iron ore export facility 
in Western Australia's 
Dampier port resumed 
operations after being 
offline for over five weeks 
due to flooding from tropical 
cyclones.

"A railcar dumper at the 
East Intercourse Island (EII) 
port facility was flooded 
when Tropical Cyclone 
Sean delivered record rain... 
Dumper operation at EII 

resumed and the first ship 
was loaded," Rio said in a 
statement.

Rio, in its full-year results, 
had stated it expects to 
record total losses of 
13-million metric tons of iron 
ore due to tropical cyclones 
that have hit Australia's 
west coast and disrupted 
shipments.

"The extent of the outage 
suggest they won't be able 
to get to the midpoint of 

guidance," said RBC analyst 
Kaan Peker in Sydney.

Rio, world's biggest 
iron ore producer, also 
kept its full-year iron ore 
shipment guidance from 
Western Australia for 2025 
unchanged at 323 million to 
338-million metric tons.

The cyclone season in 
Western Australia usually 
runs from November to April.

"As the system rebalances 
and normal operations 

resume, an update will be 
provided in the first quarter 
operations review on April 
16", Rio said in a statement.

Rio had reported 
underlying earnings of 
$10.87 billion in February, 
missing Visible Alpha 
consensus estimate of 
$11-billion.

Shares of the mining giant 
were up 1.9% as of 0134 
GMT, while the broader 
benchmark ASX 

Vital Metals has announced 
that it will complete further 
testwork to determine the 
viability of niobium recovery 
from its Tardiff deposit 
in Canada’s Northwest 
Territories, as part of a 
scoping study that is under 
way.

Vital reported niobium 
pentoxide (Nb2O5) hosted 
at Tardiff in its updated 
January 2025 mineral 
resource estimate (MRE) 
for the first time, after initial 
metallurgical testwork 
completed for the scoping 

study indicated its potential 
recovery from the deposit.

Tardiff has a MRE of of 
192.7-million tonnes at 1.3% 
total rare earth oxide and 
0.3% niobium, containing 
636 000 t of neodymium 
oxide and praseodymium 
oxide (NdPr) and 578 000 
tonnes of Nb2O5.

Vital is using the updated 
resource estimate as the 
basis for its scoping study, 
which is examining the size 
and scalability of future 
production scenarios at 
Tardiff. It will now complete 

further niobium 
studies, which 
will be captured 
by reprocessing 
flotation tailings 
as a first-phase 
evaluation, 
and add these 
results to the 

study, which is now due in 
late April 2025.

“Previous metallurgical 
work did not focus on 
niobium recovery. This will 
now be a component of 
additional testwork to deliver 
the scoping study alongside 
further REE testwork,” said 
Vital Metals MD Lisa Riley.

“While Vital has primarily 
focused on rare earths 
at Tardiff, the potential to 
include niobium is now clear, 
and while additional niobium 
testwork will delay the 
completion of our scoping 
study, it will provide a more 
thorough understanding of 
the material and the value 
of its inherent parts. Given 
the contained niobium 
resource is almost equal in 
size and value to the NdPr 
resource, it is very important 
to maximise recovery and 

grade of both.”
Nb2O5 99.5% has a current 

market price of $58.46/
kg and is experiencing 
increased demand owing 
to its low oxidation point 
and relatively high melting 
point. It is used as an alloy 
in aeronautic engines, 
electronic applications and 
as an additive to lithium-ion 
batteries to enhance battery 
life. 

Niobium is a key critical 
mineral, with limited current 
production sources globally. 

NdPr oxide has a current 
market price of $61.90/kg. 
The similar price decks show 
that if similar recoveries 
are achieved for grades, 
which will require further 
optimisation in metallurgical 
test work, then niobium could 
add substantial value to the 
project. 
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Copper mining and vehicle 
electrification

Electric vehicles (EVs) require substantially more copper and other metals than conventional 
internal combustion engine (ICE) vehicles. For example, manufacture of an ICE automobile 
requires 24 kg copper whereas manufacture of an EV requires 60 kg. Many have expressed concern 
that the lack of critical mineral resources may not allow full electrification of the global vehicle 
transportation fleet, and the vehicle electrification resource demand is just a small part of that 
needed for the transition. By displaying both demand and mine production in full historical context 
we show that copper resources are available, but 100% manufacture of EVs by 2035 requires 
unprecedented rates of mine production. The 100% EV target not only requires significant extra 
copper for battery manufacture, but also more copper for grid upgrades to support charging, 
while hybrid electric vehicles do not require extra grid capacity. Under today’s policy settings for 
copper mining, it is highly unlikely that there will be sufficient additional new mines to achieve 
100% EV by 2035. Policymakers might consider changing the vehicle electrification goal from 
100% EV to 100% hybrid manufacture by 2035. This would allow for future output of existing and 
new copper mines to be used for the developing world to catch up with the developed world in 
electrification. Life cycle emissions for battery electric vehicles compared with hybrid electric 
vehicles are comparable with each other. Mining must be recognised as essential, and exploration 
and responsible copper mine development strongly encouraged.

SIGNIFICANCE STATEMENT 
Climate policies presently assume that the materials 
required to transition to zero carbon emissions will 
be available, but this need not automatically be 

the case. The message that we may not be able to mine 
materials fast enough to meet humanity’s desires even if 
there are more than enough of these materials to meet 
all of humanity's needs has proven difficult to effectively 
deliver, yet its effective delivery and subsequent discussion 
is necessary to the formulation of realistic energy resource 

policies. We hope that by presenting future copper mining 
requirements in a single comprehensive diagram that is 
concisely supported by all relevant methods and data will 
prove helpful in understanding and managing the material 
resource challenges that lie ahead. 

INTRODUCTION
Copper is the mineral most fundamental to the human 
future because it is essential to electricity generation, 
distribution, and storage. Copper availability and 
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demand determine the rate of electrification, which is 
the foundation of current climate policy7. Many studies 
have raised concerns that copper supply cannot meet 
the copper demands of both the green energy transition 
and equitable global development1-15, but the seemingly 
universal presumption persists that the copper needed 
for the green transition will somehow be available. This 
need not be the case for even the first step of vehicle 
electrification. 

This paper addresses this issue by projecting copper 
supply and demand from 2018 to 2050 and placing both 
in the historical context of copper mine output. Discussion 
is focused on a single diagram that illustrates the 
unprecedented nature of the copper mining challenge and 
ways to reduce copper demand. Just to meet business-
as-usual trends, 115% more copper must be mined in the 
next 30 years than has been mined historically until now. 
To electrify the global vehicle fleet requires bringing into 
production 55% more new mines than would otherwise 
be needed. On the other hand, hybrid electric vehicle 
manufacture would require negligible extra copper mining. 
The figure summarises projections of both demand and 
supply in a fashion that has not been done before and 
we discuss aspects of copper that have not seen much 
discussion. Our main purpose, however, is to communicate 
the magnitude of the copper mining challenge to the 
broader public that is less familiar with upstream resource 
issues. To this end, the discussion is brief, non-technical, 

Figure 1: (A) Historic and projected mined copper production (orange and teal-coloured curves). The refinery output that includes 
recycling and equals the copper supply is shown by the dark blue curve and green curve. The green curve assumes a recycling 
rate equal to that in 2018. The dark blue solid curve assumes recycling rate increases along the trends of the past 20 years to 
2050 and then is constant. Qdate indicates the tonnes of copper mined up to a particular date and equals the area under the teal 
curve up to that date. The copper production rates (mine or refinery) are also shown. Qt at the bottom right is the estimated total 
minable copper resource. (B) Curves showing the copper mine production required to: (1) Meet business-as-usual (non-energy 
transition purposes) demand5 (solid dark blue baseline). (2) Meet BasU demand and convert the global vehicle fleet to hybrid 
electric vehicles (yellow hybrid line just above the dark blue baseline). (3) Meet BasU demand and convert the global vehicle 
fleet to battery electric vehicles (teal EV curve) and upgrading electricity and transmission (light blue EV+grid). (4) Supply the 
copper needed to transition to net zero CO2 emissions (wind and solar rather than fossil fuels) by 2050 (green line). (Panel curves 
calculated and plotted in SM4 tabs 1 and 5.) 

and focused on a single metal, diagram, and issue (vehicle 
electrification). 

All relevant methods and data are concisely provided 
in supplemental material. We hope this will promote 
discussion and formulation of alternative policies to 
be certain the developing world can catch up with the 
developed world while global initiatives advance with the 
green energy transition. 

COPPER MINING AND REFINING MINING AND REFINING 
Figure 1A shows the historical mine production10 and 
projects future mine production based on it (teal curve) 
using methods described in SM1. Those methods assume 
that the copper resource currently being tapped is finite, 
and that neither the nature of the resource or the methods 
of its exploration and extraction change significantly over 
the next 30 years (the projection period). 

The are the same as M. King Hubbert successfully used 
to predict ~30 years of U.S. oil production right up to when 
technologies such as directional drilling and hydraulic 
fracturing made it possible to produce natural gas and 
crude oil from shale and expanded the hydrocarbon 
resource. Since technologies can change, the teal curve 
should be considered an expected reference against 
which departures can be detected. It predicts that mine 
output will peak at 48.7 Mtpy in 2086 and then decline. It 
is a trajectory very similar to that deduced by very different 
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methods (assessing the rates of copper mining likely in 
favourable geographic regions). 

The dark blue and green curves are two projections of 
refinery output (copper supply), calculated by projecting 
historical trends in the ratio of refinery to mine output 
(SM1). Refinery output is greater than the mine output 
because copper recycling is an additional refinery input. 
Heavy black dashes indicate the portions of the refinery and 
mine output curves that lie between 2018 and 2050. These 
curves identify the copper mine output and copper supply 
(refinery output) that is expected if the world proceeds 
as it has since ~1900. These trends do not include the 
copper demands of the green energy transition, and we 
refer to them as business-as-usual trends or baseline 
curves. They show an almost linear increase in mine 
production and refinery output over the 32 years (2018 to 
2050) that extends recent trends. They are not sensitive 
to uncertainties in the data that define the full mine output 
curve (see Figure SM1.2).

It is shown in SM2 that the sum of copper demand from the 
global manufacture of ICE vehicles, historic trends in global 
grid improvement, and other increases in copper demand 
that are not related to the green energy transition is nearly 
coincident with the projected refinery output (see Figure 
SM2.4). These two projections need not be equal. The fact 
that they are equal increases confidence in both and means 
the mining baseline is a valid demand baseline (added 
discussion is in SM1). The dark blue baseline curve in Figure 
1B can therefore be taken to equal the business as-usual 
mined copper demand shown in Figure 1A. The copper 
mine production required to support successive steps of the 
green transition are displayed above this business-as-usual 
mining demand baseline. For example, the gap between 
the yellow and dark blue lines indicates the additional mine 
production needed to globally manufacture hybrid rather 
than ICE vehicles. The gap between the teal and dark blue 
curves indicates the additional production needed for 100% 
EV manufacture by 2035. The light blue EV+grid curve 
indicates the additional copper production needed for the 
grid improvements that charge the EV fleet. The green net 
zero by 2050 curve indicates the extremely large additional 
copper mining rates required to replace all fossil fuel energy 
sources by renewable energy sources by 2050. 

NEW MINES TO MEET FUTURE DEMAND 
The rate at which new mines must be opened to support 
the copper mine production shown in Figure 1B can be 
deduced from these curves. Assuming for the moment that 
the mines in operation in 2018 continue to produce at the 
same rates until 2050, new mines must supply the mass of 
copper represented by the area between the curves and the 
dashed dark blue horisontal extension of 2018 production 

underlying them. The first column of Table 1 lists these 
masses. The second column lists the mine production in 
2050 that is required to supply the added copper. Because 
the mining demand increases linearly, the mining rate 
needed in 2050 equals twice the average mining rate over 32 
years from 2018 to 2050. For example, the 260 Mt of mined 
copper needed to meet the business-as-usual demand 
requires an average mine output of 8.13 Mtpy over 32 
years, and therefore production from new mines (i.e., mines 
put into operation after 2018) of 16.3 Mtpy in 2050. The next 
column lists the number of new mines with production rates 
of 0.472 Mtpy (the average production of the top 10 mines 
in operation today) that must be in operation in 2050, and 
the last column indicates how many such mines must be 
discovered, permitted, and put into each year between 2018 
and 2050. New copper supply will come mostly from large 
mines because they are the ones that count in terms of total 
production9. Table 1 shows that to remain on the baseline 
and support the green transition, between 35 and 194 large 
new mines must be brought into production over the next 32 
years at a rate of between 1.1 and 6 mines per year.
 
THE DEPARTURE FROM BASELINE TO MEET THE EV 
MANUFACTURING GOAL WILL BE UNPRECEDENTED 
Figure 1 shows that meeting the goal of 100% EV manufacture 
by 2035 will require an unprecedented departure from the 
copper mining baseline. Historically, excursions from mine 
production have been ~1 Mtpy in magnitude over about ~15 
years (less in recent times, see Figure 1A). 

Actual copper production tracks the baseline remarkably 
closely because powerful economic incentives correct 
departures. If there is too little copper production relative to 
demand, the price of copper rises and greater production 
is encouraged. If too much copper is produced relative to 
demand, the price falls and mines close or halt operation. 
The price/production feedback means that it is hard to 
depart from the baseline (see SM1). Figure 1B shows that 
the departure from the baseline related to EV manufacture 
will be five times greater and twice as long as we have 
experienced before ( >5 Mtpy for >30 years). Corrected 
for recycling, this mining excursion is equivalent to a 
demand gap of 8.1 Mtpy in 2035 and 9.6 Mtpy in 2040. 
A predicted supply-demand gap of >9Mtpy5 by 2035 is in 
good agreement with the data reported here. 

DISCUSSION 
The most immediately evident and important feature in Figure 
1 is its prediction of a significant increase in required copper 
mining between 2018 and 2050. Over this 32-year period the 
world will need to mine 115% more copper than has been 
mined in all of human history up to 2018 (905 compared to 
757 Mt). Copper mine output will increase by 82% (from 20.4 
to 37.1 Mtpy), and many new mines will open.

Table 1: Extra copper (relative to 2018) mined between 2018 and 2050 and number of mines that must be put into 
operation each year over this period to meet electrification demands (see SM4 tab 5).

Mt mined above 2018 line New mine production in 
2050 in Mtpy

New mines* in 2050 New mines* per year

baseline 260 16.3 35 1.1

Hybrid 275 17.2 37 1.2

EV+grid 404 25.2 54 1.7

net zero 1460† 91.3 194 6.0
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The reason for this large increase in mining activity is largely to 
support the developing world. In 2022, 74% of copper refinery 
output was consumed by Asia, only 23% in the U.S. and E.U. 
Copper’s ability to conduct heat and electricity, its ease of 
fabrication, its corrosion and its relatively low cost make it 
essential and attractive to use in many kinds of appliances, 
heating and cooling systems, telecommunications, motors, 
wiring, radiators, and other uses that are fundamental to 
economic development. Three quarters of refinery copper is 
used in electrical devices, ¾ is sold as wire or tube, and ¾ 
is sold to the countries currently undergoing the most rapid 
development.16 The future output of existing and new copper 
mines is mostly needed for the developing world to catch up 
with the developed world.

It is natural that such a large increase in mining activity 
should raise anxieties of many kinds. Are the resources 
there to support such a dramatic increase in mining? 
What practices are needed to ensure mining is done in an 
environmentally sustainable way? How will the mines affect 
neighbouring communities? Can the underdeveloped 
world develop without massive mine expansion? Much 
has been written about these anxieties, but all are logical 
consequences of the dramatic increases in copper mining 
predicted by the teal mining baseline curve in Figure 1A.

The most evident feature of Figure 1B is its indication 
that the copper needed to shift from ICE to EV production 
will require ~55% more new mines than baseline. The 
area between the light blue “EV+grid” and the dark blue 
“baseline” curves is 55% of the area between the baseline 
curve and the dark blue dashed extension of 2018 
production (see also Table 1).More copper is needed for 
EV-related grid upgrades. The new copper mining needed 
to replace fossil fuel by renewable energy sources is 4.6 
times the baseline (=1200 Mt/260 Mt). The substantial 
(EV transition) to almost unimaginably large (for net 
zero emissions) copper mining demands of these green 
transitions pathways raises other very logical questions, 
such as whether there are ways the copper needed might 
be reduced, or copper might be mined more quickly?

Managing the copper demands of electrification and the 
transition to renewable energy sources may be necessary, 
and many are working on this challenge. The question 
is how much copper will be available when it is needed. 
Spreadsheets for all the calculations and figures in this paper 
are provided in SM4, and the amounts of copper we assume 
can be easily modified. We doubt, however, that reasonable 
reductions will change the discussion below substantially. 

The first point related to copper mining that we would make 
is that there is plenty of copper available. The 1689 Mt of 
copper that the teal baseline curve in Figure 1 suggests 
will be mined by 2050 represents 26% of the total copper 
resource of 6598 Mt. (The USGS17 estimate of 5600 Mt 
of copper in undiscovered porphyry and sediment-hosted 
deposits alone is very close to this estimate.) If mining 
shifts to greater depths in Earth's crust, the copper resource 
grows to 89,000 Mt18, and 241,000 Mt may be recoverable 
from the seafloor19. There is plenty of copper available.

The concern is that we may not be able to mine the 
copper resource fast enough to support baseline global 
development and vehicle electrification. The strongest 
evidence for this concern is the lack of sufficient copper 
resources in the discovery pipeline. New copper mines that 

started operation between 2019 and 2022 took an average 
of 23 years from the time of a resource discovery for mines 
to be permitted, built, and put into operation5. Within this 
long discovery-to operation pipeline, we should see at least 
ten years of prospects (e.g., 17 prospects) with a combined 
production potential of >8 Mtpy in the pipeline to have any 
confidence we can meet the 1.7 major deposits per year 
discovery rate required for EV manufacture. There are not 
the needed prospects in the pipeline. A detailed study of 
scheduled mine closures and new mines developing from 
prospects in known stages of permitting24 indicates copper 
mining between 2021 and 2030 will follow the brown-yellow 
dashed curves in Figure 1B. Production will increase above 
baseline until 2025, but then strongly decline such that mine 
production rates in 2030 are nearly the same as in 2018. 
Others confirm these suggestions

Mining companies are struggling to discover new large high-
grade copper deposits11,23,24. Only 16 of the 224 copper 
deposits discovered since 1990 were discovered in the past 
decade, despite mining exploration budgets that increased 
by a factor of three to four since 20055,25. Discovery 
requires that vast amounts of land be open to exploration17, 
and land access is increasingly difficult. Discovery is a chain 
of tough probabilities. Discovery of a copper occurrence 
must be followed by drilling and preliminary economic and 
engineering assessment to confirm a potential mineral 
resource. Further drilling, economic evaluation, engineering, 
and metallurgical assessment are required to develop an 
ore reserve that can serve as the basis for building a mining 
operation. In the period between 2001 to 2010, about 20 
new copper deposits of at least 0.1 Mt were discovered per 
year. From 2015 to 2022 this decreased to less than 10 per 
year. The success rate of discovering an initial occurrence 
of at least 0.1 Mt was around 1 in 2500 for the period 2001 
to 2010 and is now about 1 in 5000. This is for the initial 
discovery. The rate of success for a copper occurrence 
becoming an economic deposit that can be mined is 
between 1 in 100 and 1 in 80025. Compounding these 
increasingly severe discovery challenges is the unpopularity 
of mining in many localities. Significant copper resources 
have been discovered but after many years of effort mine 
permit applications have been cancelled in Alaska26,27, 
Minnesota28 and Panama29, delayed in Arizona30,32, and 
substantial acreage has been removed from exploration 
in Minnesota31. For example, the underground Resolution 
copper project in Arizona would be the largest in North 
America, producing ~0.5 Mtpy but despite being approved 
in 2014 by the U.S. Congress has still not received approval 
to start producing copper. There is thus reason for concern 
that, under the challenges of discovering ever more copper, 
production will drop substantially below the baseline curve.

On the other hand, there are reasons for optimism that 
we will manage to stay on the baseline curve and be able 
to respond to some increased demand. In contrast to 
greenfield mine development, brownfield expansions at 
existing mine sites are more efficient and current mine sites 
in Arizona, New Mexico and Utah have substantial copper 
resources to be developed. With the right macro-economic 
conditions including a higher copper price, there are also 
copper resources that lie at depths deeper than the 500 
meters below surface that are currently being explored. 
Deeper underground mining is feasible by block caving and 
remote operation methods that are safe and environmentally 
friendly can be used to develop these copper resources. 
Deep mines will have a much smaller surface environmental 
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imprint than current surface mines. If we begin to explore 
for deeper deposits, discovery rates could increase. Also, 
there are substantial copper resources contained in surface 
stockpiles. For example, Freeport-McMoRan estimates 
they have over 17 million tonnes of copper in waste 
stockpiles previously thought to be unrecoverable34. With 
advancements in leaching techniques, they are expecting 
to extract this copper at the rate of 90,000 tpy which is 20% 
of the copper production our reference mine. Because it 
was previously mined, the production is low-cost, demands 
less water, and has a lower carbon footprint. There are thus 
reasons to think we could continue to track the teal empirical 
baseline copper production curve in Figure 1A.

If we do succeed in the discovery and mine creation 
challenge, the copper needed for business as-usual 
trajectory will be provided subject to one additional 
condition: that our empirical projection of increasing copper 
recycling is correct. If copper recycling remains constant 
at its 2018 level rather than increasing as assumed, the 
refinery output will be 5.7 Mt less (green rather than the 
dark blue curve in Figure 1A), requiring mine output to 
increase by 3.7 Mtpy and the discovery and operation 
of 8 additional mines with productions that average 
0.472 Mtpy. The total number of new mines needed to 
meet baseline demand would then be 43 rather than 35. 
The need to make up for mine closures and decreased 
production in mines operating in 2018 will certainly require 
the discovery and operation of additional mines. We have 
been optimistic in our projected new mine creation needs. 
There is much more that could be reviewed regarding the 
challenges faced by mining, but the above discussion 
is sufficient for our current purposes. It highlights valid 
concerns that we may have difficulty remaining on the 
business-as-usual copper mine production curve that we 
have followed for the last ~120 years, and that the amounts 
of additional copper needed to take even the first step of 
a green transition (manufacturing 100% EV rather than 
ICE vehicles by 2035) will require substantial additional 
mining. The dramatic increase in mining that is needed for 
business as-usual developments will raise environmental 
and social concerns. The important policy goals of globally 
aligning levels of prosperity, responding to climate change, 
and managing environmental and local impacts of mine 
development conflict with one another. Copper demand for 
EV manufacture could increase the price of copper very 
substantially and significantly impede the advance of less 
developed areas.

RECOMMENDATIONS
For the reasons presented above, it is evident that attention 
needs to be paid to managing the copper demands of 
electrification and the transition to renewable energy 
sources. An aspect of Figure 1B not yet emphasised is that 
there is remarkably little difference between the amount 
of copper needed to manufacture hybrid electric rather 
than ICE vehicles. Hybrid electric vehicles require 29kg 
of copper compared to 24kg for an ICE vehicle. It would 
therefore be judicious to aim for a transition to the 100% 
manufacture of hybrid electric vehicles by 2035, rather than 
transitioning to the 100% manufacture of battery electric 
vehicles, which require 60kg. The copper required for this 
transition is only slightly above baseline and does not 
require major grid improvements (Figure 1B and Table 
1). Hybrid electric vehicles could have almost as large an 
impact on reducing CO2 emissions and city pollution, and 
the likelihood of the copper required for their manufacture 

being available is much greater. Life cycle emissions for 
battery electric vehicles compared with hybrid electric 
vehicles are comparable with each other35, with some 
variations depending on the model of vehicle. This is not 
a perfect solution, but it is a much more resource realistic 
one. Reducing the critical minerals in large battery banks 
should continue to be sought. Sustainable recycling should 
be strongly encouraged. Mining could meet a steady copper 
demand pull with environmentally sustainable mining 
practices, but mining might not be able to meet too sudden 
and substantial demand increase, and the economic and 
human welfare consequences of this failure could be 
substantial. 

For the longer term, it is important that copper exploration 
and mine development be encouraged, starting now. The 
EU and US should demonstrate on their own territories 
that increasingly responsible mining can be carried out and 
thereby prove that they consider mining to be important and 
are willing to do their share of it. The technologies needed for 
exploration for deeper copper deposits and leaching should 
be encouraged as a matter of urgency. To find new mines, vast 
amounts of land must be available for exploration. Attitudes 
toward exploration, land access, and drilling must change. 
Capital allocation for deeper-than-conventional mines or 
mines in remote locations that lack infrastructure must be 
encouraged. We should accelerate serious studies of ocean 
mining with a goal of achieving a scientific understanding of 
potential impacts by a defined future date. Copper mine output 
should be compared to the teal baseline curve in Figure 1A 
in an ongoing fashion and any departures investigated to 
determine their causes and possible remedies. The ratio of 
copper refinery to copper mine output should be tracked, and 
copper recycling encouraged. 

We must keep in mind the unique contributions copper makes 
to modern societal infrastructures and that copper production 
could peak only ~62 years from now. There is a lot at stake. 
We hope that Figure 1 and its brief discussion in this paper 
will help those that are not resource experts appreciate the 
resource challenge and that this will encourage the discussion 
and crafting of resource-realistic policies. 
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BHP ‘well-positioned’ to supply the world’s metal needs

As populations and the 
transition to renewable 
energy continue to grow, 
BHP is confident in its ability 
to supply the metals and 
minerals the world will need.

BHP chief executive 
officer Mike Henry said 
the Big Australian is well-
positioned to leverage 
its strong balance sheet, 
technical know-how and 
sustainable business 
practices into the future.

“BHP reported a strong 
financial performance for the 
half-year (ending December 
31, 2024), underpinned by 
safe and reliable operations 
and rigorous cost control,” 
he said.

“The group’s industry-
leading margins and robust 
cash flow enabled the board 
to determine an interim 
dividend of $US0.50 per 
share – a total of $US2.5 
billion.”

Henry said the result 
demonstrates BHP’s 
operational resilience and 
ability to perform through 
the cycle.

“The demand for BHP 

products remains strong 
despite global economic 
and trade uncertainties, with 
early signs of recovery in 
China, resilient economic 
performance in the US and 
strong growth in India,” he 
said.

Other highlights from 
the half-year included 
BHP’s high potential injury 
frequency rate declining by 

approximately 54%, with 
zero high potential injuries 
recorded in the second 
quarter of the 2024-25 
financial year.

Copper equivalent 
production was up 5.3%, 
while group copper 
production increased by 
10%, driven by a 22% 
increase at Escondida in 
Chile.

“The trajectory of the 
world population growing 
from eight billion today 
to 10 billion in 2050, with 
more people living in cities, 
together with the energy 
transition and the growth 
of data centres and AI 
(artificial intelligence), will 
compound the need for 
more metals and minerals,” 
Henry said.
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The electrification evolution in 
mining

In the late 19th century, mining operations began to 
embrace electricity, seeking a more efficient and safer 
alternative to coal-powered steam engines. This early 
adoption of electric power transformed mines, bringing 

electric lights, machinery, and enhanced ventilation 
systems, creating a safer and more productive environment. 
However, as the 20th century progressed, the landscape of 
mining technology shifted dramatically.

The demand for greater mobility, flexibility, and efficiency 
led to the widespread adoption of diesel engines. These 
engines, with their high energy density and reliable 
power, became indispensable, especially in remote 
mining locations far from electrical grids. Post-World 
War II, the established diesel fuel infrastructure and its 
cost-effectiveness cemented diesel’s dominance. Diesel 
engines offered superior power and operational range, 
robustness in harsh mining environments, and lower 
initial and operational costs compared to the early electric 
alternatives.

Fast forward to the modern era, where technological 
advancements and the mounting pressure to reduce 
carbon emissions have reignited interest in electrification. 
Although cable-tied electric vehicles (EVs) have been 
used for the past 50 years, the real game-changer 
has been the development of battery-operated mining 

machines, culminating in the development of Australia’s 
first prototype battery system designed for a zero emission 
mining haul trucks. This momentum has been enabled by 
rapid improvement in the battery energy density, resulting 
from global investment in decarbonisation.

Today, the market boasts battery-electric haul trucks, 
drills, explosives, conveyors, and light towers. Despite 
this progress, diesel-powered vehicles still accounted 
for 46% of a mine’s total energy consumption in 2021, 
presenting a significant challenge with their undesirable 
environmental characteristics. This reversion back to 
electric is driven by the need for sustainable and efficient 
energy solutions, marking a new chapter in the evolution 
of mining technology.

This article will examine the rise of modern electrification, 
the catalysts which have spurred recent progress and the 
challenges which still lie ahead when it comes to achieving 
full electrification.

THE RISE OF MODERN ELECTRIFICATION
The recent shift towards electrification has been largely 
driven by advancements in technology. Central to this 
transformation is the evolution of battery technology. 
Enhancements in energy density, charging speeds, and 
battery longevity have made electric mining vehicles and 
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machinery more viable than ever. This leap in technology 
reduces operational downtime and maintenance costs, 
making electric alternatives not just a sustainable choice, 
but also an economically sensible one.

A compelling example of this progress is evident in the 
decline in lithium-ion battery prices over the past decade. 
From US $780 per kilowatt-hour (kWh) in 2013, prices 
have plummeted to US $139 per kWh by 2023. This 82% 
reduction, as illustrated in the accompanying chart, reflects 
significant technological advancements and economies of 
scale.

Battery technology isn’t the only area experiencing rapid 
progress. Charging technology is also evolving, with 

innovations aimed at minimising downtime. Ultra-fast 
charging stations and wireless charging solutions, like 
by ABB’s eMine™ FastCharge, promise to keep electric 
mining vehicles operating continuously with minimal 
interruptions.

Moreover, the cost of electric mining equipment is 
becoming more competitive. Companies like Caterpillar 
and Sandvik are leading the charge with their electric 
and autonomous machinery. Although electric vehicles 
(EVs) are characterised by higher capital hurdles, their 
long-term benefits in terms of fuel savings and reduced 
maintenance are undeniable.  A recent report has stated 
that electrifying a single 150 Tonne Diesel Truck usually 
requiring over US $850,000 per year in fuel, can save 

Figure 1: Evolution of Electricity in Mining Technology and Processes

Figure 2. 
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mining companies US $5.5 million in energy costs per 
vehicle over its lifetime.

Despite progress, challenges remain with battery 
technology. Battery capacity imposes range limitations on 
battery-operated haulage vehicles, presenting challenges 
for mines reliant on long incline truck hauls. Although some 
mine designs are more favourable for battery electric 
vehicle (BEV) truck haulage, deep decline-centric haulage 
designs are currently less suitable. Additional batteries 
also introduce inherent hazards including thermal run-
away leading to fire or explosion, fume generation during 
a fire and ruptures causing toxic or flammable liquid/gas 
release.

Another critical factor in this electrification journey 
is the development of robust electric infrastructure. 
Reliable energy storage and distribution systems are 
essential, especially in remote mining locations where 
consistent power supply is a challenge. Advances in grid 
technologies and microgrids are making it possible to 
integrate renewable energy sources, further enhancing 
the sustainability of mining operations. These systems 
ensure that even the most isolated mines can benefit 
from the reliability and efficiency of electric power. These 
advancements do not come without their challenges 
– implementing charging infrastructure in electrified 
mines can be costly and disruptive, especially for 
brownfield projects where retrofitting existing layouts are 
challenging. Additionally, optimising battery swapping 
to ensure availability and manage battery health and 
lifecycle requires precise coordination, impacting overall 
efficiency.

NAVIGATING MARKET VOLATILITY: IMPACTS ON MINE 
ELECTRIFICATION
Despite investments and advancements in new technology, 
progress in mine electrification is still dependent on a 
range of unpredictable factors.

One of these factors is the price of key battery minerals, 
particularly lithium. Recent years have seen significant 
fluctuations in the global lithium market due to the 
advancements in the development and demand of EVs. 
Within a two-year period lithium carbonate prices shifted 
from a low of US $5,850/t in July 2020, to a high of US 
$79,650/t in 2022, reflecting shifts in supply and demand 
dynamics.

Such volatility and confusion around price can also be 
seen in future projections from financial institutions. In 
April 2024, major broker Citi recommended shorting the 
CME August 2024 lithium hydroxide futures contract, 
anticipating a decline of US$6700/t, and doubled down 
on this short recommendation again in the month 
following. This decision was based on a reset in global 
EV sales expectations and a significant market surplus of 
about 6% of total supply. Citi also predicted that lithium 
prices would drop below US$12,000/t over a six-to-nine-
month period, which could rebalance the market. These 
expectations are in stark contrast to the price highs of 
2022.

The short-term bearish outlook on lithium prices may 
present challenges for mine electrification. Lower prices 
may discourage investment in new lithium mining projects, 
particularly from junior miners who might struggle to 

secure funding. This could lead to future supply constraints 
just as the demand for lithium for mine electrification 
rises. Electrification of mines, which relies on a stable 
and affordable supply of lithium for batteries, could face 
delays or increased costs if supply becomes restricted. A 
compelling example can be seen more recently, where the 
collapsing lithium price has pushed miners to cut costs and 
scale back expansions following the recent fall of lithium 
carbonate prices.

Pilbara Minerals, an Australian spodumene producer, 
experienced a 46% revenue drop in the December 
quarter due to low and volatile lithium prices, pressuring 
high-cost producers. This trend is evident across the 
industry, with Core Lithium Ltd. halting operations at 
the Grants open pit to address market oversupply, and 
IGO Ltd. adjusting the offtake pricing model for the 
Greenbushes mine and planning production cuts in the 
second half of the year.

CHINA’S ROLE IN SHAPING MINE ELECTRIFICATION
The story of mine electrification would not be complete 
without acknowledging China’s pivotal role. As a dominant 
force in the supply chain of critical battery minerals such 
as lithium, cobalt, and nickel, China wields considerable 
influence over future technological advancements and 
market pricing.

China plays a key role in the global supply of critical 
minerals essential for mine electrification. The country 
is set to increase its share over the global cobalt 
market, with its portion of global production expected 
to reach half of global output, up from 44% currently. Its 
dominance in chemical refining for battery production is 
even more pronounced, accounting for a 77% of global 
refining capacity. The nation’s influence further extends 
to rare earth elements, where it produces 60% of the 
world’s supply but processes nearly 90% of it. This 
dominance allows China to exert significant influence 
over the global supply chain, impacting the availability 
and pricing of critical minerals necessary for the 
transition to electric mining operations. This dominance 
highlights the importance for other nations to consider 
their supply chains and invest in domestic capabilities to 
mitigate risks and ensure continuous innovation in mine 
electrification.

Beyond raw materials, China’s impact is evident in the 
manufacturing of electric mining equipment and infrastructure. 
The nation is a leading producer of EVs and battery technologies, 
benefiting from economies of scale, low labour costs and 
advanced manufacturing capabilities. Chinese manufacturers, 
such as BYD Company, as well as Contemporary Amperex 
Technology Co. Limited (CATL) not only supply domestic 
demand but also export to global markets, driving down costs 
and making electrification projects more economically viable. 
As a result, the capital costs of electrification infrastructure and 
equipment are influenced by Chinese production capabilities 
and pricing strategies.

THE PATH FORWARD
As the mining industry faces increasing pressure to 
decarbonise, companies are confronted with the challenge of 
balancing sustainability goals with economic realities. Market 
volatility of important battery minerals and technology, as well 
as geopolitical factors, further complicate this landscape, 
forcing many to prioritise immediate financial performance 
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The shift from a fossil fuel powered mine to an all-electric 
mine will require more than just a shift in the technology 
required. It requires a mindset shift by the broader industry. 
The predisposition to continue with what is comfortable, 
simply replicating existing asset design processes, is 
no longer viable as we think about 2030 and beyond. 
This will challenge an industry that traditionally has little 
risk appetite when it comes to mine design. In the 2021 
State of Play Mining Industry Survey, only 20% of mining 
businesses stated they would accept risk in asset design 
to increase financial return. An all-electric mine requires 

a refresh in thinking about design across the entire value 
chain, and many traditional mine design principles will 
need to be set aside.

So, if we want to capitalise on this shift and embrace 
emerging technologies, what do we need to consider in 
the mine design process?

EQUIPMENT
While there are battery electric vehicle solutions available 
today, technology is still evolving. In designing an all-

Mine Electrification: An Industry Mindset Shift

over long-term environmental targets. We have recently 
seen BHP announce the closure of its Nickel West division 
in Western Australia, which produced 80,000 tons of nickel 
annually and employed over 3,000 people. This decision 
came in response to a collapse in nickel prices and increased 
competition from Indonesian producers. BHP’s decision to 
shut down its Kalgoorlie smelter, Mt Keith and Leinster mines, 
and Kwinana refinery highlights the economic pressures and 
operational challenges faced by the industry.

Amid these challenges, the role of innovation and strategic 
collaboration cannot be overstated. Engaging in pilot 
projects, conducting regular market analysis, and forming 
strategic partnerships with technology providers and other 
stakeholders allow companies to test innovations, gather 
essential data, and distribute risks. By leveraging these 
strategies, mining companies can navigate the complexities 
of electrification while remaining agile and competitive in an 
ever-evolving industry.
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electric mine, not only must the fleet size and composition 
be considered, so must the ability for equipment solutions 
to adapt. Optionality will become critical to embed in 
decision making processes for equipment, allowing 
companies to adopt to the emergence of new technologies 
with minimum disruption. Battery swapping, for example, 
is currently used in some electric vehicles. While this 
may be the best fit for certain mine sites now, for many 
it is seen as inefficient as it is capital intensive, and 
operations are interrupted to make the swap. Embedding 
optionality in fleet selection provides the opportunity for 
process efficiencies to be capitalised on as breakthrough 
technologies emerge.

VENTILATION
Using battery electric vehicles generally results in a 
decrease in required air volumes, which likely means 
building smaller, and potentially fewer, ventilation 
shafts. An all-electric mine not only creates benefits for 
worker health and safety (an electric fleet will reduce 
heat emissions by up to 90% and eradicates diesel 
particulate matter) but may also result in significant cost 
and efficiency savings.  Given that ventilation can use 
up to 50% of a mine’s electricity, the economic benefit of 
reduced ventilation operating costs could be significant. 
The ability to design mines with smaller ventilation 
infrastructure from the outset will also reduce capital 
costs. 

MINE LAYOUT AND INFRASTRUCTURE
In the State of Play Electrification report, 54% of mining 
companies expected infrastructure to be the main 
challenge for transitioning mine sites to electric. This is 
not surprising when you consider the needs of battery 
electric vehicles. Charging type, location, size of charging 
bays, feasibility of onboard charging, shift scheduling and 
optimal material movement are critical considerations for 
all mining companies.

Mine layout of electrical infrastructure will be key 
to optimising efficiencies. The strategic placement 
of charging stations will be important, as the timing 
and location of charging impacts how much energy 
is required and where at any given time. Optimising 
material movement can also impact energy efficiencies. 
By designing a mine that optimises haulage routes, there 
is the potential to capture energy from regenerative 
braking. While other infrastructure, such as trolley assist 
systems, need to be fixed, it is possible to capitalise on 
the charging opportunities from the overhead power bar 
system.

PROCESSING DESIGN
Shifting to an all-electric mine requires a shift in thinking 
around processing design and efficiency. Where an all 
diesel mine can be planned around 24/7 processing, an all-
electric mine needs to ideally accommodate fluctuations 
in renewable energy. To accommodate this shift, one of 
two changes must be implemented. Either processing 
remains 24/7 and is supplemented by renewables stored 
in a long duration energy storage solution, or processing 
design must fundamentally change, allowing flexibility 
to ramp up processing during the day when there is 
proliferation of solar or wind energy. Minimal processing 
would occur at night, resulting in the need to ‘stockpile’ 
during the day.

The mine design process will continue to evolve as new 
technologies are developed. It is critical however, that 
we question the rule book of traditional mine design and 
consider new approaches to accommodate the future 
needs of electrification.  We should not underestimate the 
mindset shift required to meet this challenge.
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The future of mining in America

The rapid buildout of a clean energy economy is fuelling 
a significant increase in demand for responsibly 
sourced critical minerals that power everything from 
consumer electronics to electric vehicle batteries. 

No one knows that better than Nevada, where there is 
tremendous investments in the entire “cradle-to-cradle” 
lithium cycle, from mining to processing to recycling. As 
leaders at the Department of the Interior, we are focused on 
supporting a mining industry that is sustainable, responsible 
and efficient in order to confront the climate crisis with the 
resources its solutions demand. To do that, we must focus on 
a more inclusive, productive approach — one that prioritises 
engagement with Tribal Nations and local communities in 
Nevada and across the nation.  

In 2023, President Biden’s Interagency Working Group 
on Mining Regulations, Laws, and Permitting convened 
federal agencies, industry representatives, interest groups, 
labour unions, Tribes and others to develop permitting 
recommendations to reform and improve the way mining is 
conducted on U.S. public lands. The final recommendations, 
issued in September 2023, will ensure a more sustainable 
and responsibly sourced domestic supply of minerals, which 
are key to meeting the nation’s climate, infrastructure and 
global competitiveness goals. 

The work to redesign mining in the United States for a 
sustainable, liveable future benefits each of us. While Congress 
considers the report’s recommendations, the Department 
is working to enhance how we bring the communities most 
affected by mining projects to the decision-making table.  

One of the most promising avenues for improving permitting 
times and reducing conflict is through better community 
engagement. This is where change is needed most – not just 
in policy, but in practice. Mining projects often face delays 
due to opposition from communities that feel left out of the 
decision-making process and the economic benefits that flow 
from those projects. These are the same communities that 
have faced longstanding harm and inequities due to mining 
development.  

Many Tribal communities, for example, still suffer from the 
health and environmental repercussions created by mining 
pollution from projects for which they were evicted from their 
lands or were not asked to engage, and from which they did 
not benefit. Consulting with Tribes early, and throughout the 
process, can prove invaluable. But Tribal consultation must 

be an ongoing, respectful dialogue that seeks to understand 
and incorporate Tribal perspectives, concerns and expertise 
as well as the recognition of the cultural, spiritual and historical 
significance these lands hold for Indigenous peoples. 

Recommendations from the Interagency Working Group 
emphasised the need to prioritise community and Tribal 
engagement. This is a practical solution that can streamline 
the permitting process in Nevada and across the nation by 
fostering cooperation rather than conflict. When communities 
feel heard and respected, they are far more likely to engage 
in constructive discussions. 

But engagement must go beyond just mitigating conflict. We 
must ensure that the economic benefits of mining projects 
are shared with the communities most affected by them. 
Too often, wealth generated by mining flows out of local 
areas and into the coffers of corporations, leaving behind 
environmental damage and economic disenfranchisement. 
This is particularly true for Tribes, which have long been 
excluded from the economic benefits of resources extracted 
from their ancestral homelands. 

Tribes and other local communities deserve a seat at the 
table – not just as stakeholders to consult, but as partners 
who share in the economic rewards. This could take the 
form of revenue-sharing agreements, job creation or training 
programs, or other mechanisms that ensure mining projects 
contribute to the long-term prosperity of the communities 
where they operate.  

Moving the U.S. mining industry forward will require a shift in 
mindset – a recognition that communities are not obstacles 
to be overcome, but partners to be engaged. By focusing on 
meaningful Tribal consultation and shared economic benefit, 
we can reduce conflict and shorten permitting timelines and 
build a mining system that works for everyone. 

The path to a more efficient and just mining industry lies in 
partnership. Federal, state, Tribal and local governments and 
industry must work together if we are to build a future where 
mining projects respect the land, honor Tribal sovereignty, 
and contribute to the long-term prosperity for Nevadans and 
our entire country. 

This opinion column was submitted by Secretary of the Interior 
Deb Haaland and Principal Deputy Assistant Secretary for 
Land and Minerals Management Dr. Steve Feldgus.

CRITICAL MINERALS
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Invest smart in Keestrack track 
mobile aggregates, recycling and 
mining processing equipment

The World’s biggest construction tradeshow, Bauma, is 
about to open its doors from April 7th until April 13th, in 
Munich, Germany. Bauma’s and Keestrack’s focus is on 
sustainability, alternative drive systems and providing 
solutions for the aggregates, recycling and mining industry.
Keestrack will be at booth FN 1016/9 and will launch 2 
completely new machines at Bauma.

R2 IMPACTOR, IN FULL ELECTRIC ZERO, AND 
CONVENTIONAL DIESEL/HYDRAULIC DRIVE
The R2, high performing and very compact track mobile 
impact crusher, has been designed to complete Keestrack’s 
product range of impactors. The R2 is easy to operate within 
city centres where high flexibility and mobility are essential. 
In a lot of European cities there is a need for pure electric 
plug-in construction equipment. With the ZERO-drive, a 
full electric plug-in drive version, without any combustion 
engine onboard, Keestrack provides the ideal solution. The 
new impactor has a capacity up to 150 t/h.

The crusher design features are often similar to the 
award winning bigger R3 impactor. The hopper (3m³) 
with integrated vibrating feeder (3300 x 810mm) and pre-
screen (1250 x 810mm) also has an asymmetric design to 
feed the material easy into the inlet (860 x 730mm) which 
is equipped with a replaceable entry beam.

The newly designed rotor, with a width of 840 mm and a 
diameter of 920 mm, is made of Hardox steel. The rotor 
has the same design concept as the bigger R3, R5 and R6, 
designed to minimise wear. Rotor speed can be adjusted 
by a hydrostatic drive to finetune the desired grain size. 
The impact aprons can be serviced from the top which 
facilitates service maintenance.

The R2 impactor, fully equipped in closed circuit with 
a 1200 x 3040mm single deck after screen, magnet 

separator and windsifter has a total weight under 27t and a 
transport length of 13,05m, making it a very agile impactor. 
The return conveyor of the closed circuit can also swivel 
outside to be used as a stockpile conveyor for oversise.

As on all Keestrack equipment, maintenance has been 
reduced by design, using drive and return drums which 
are greased for life, is just one of the examples. 

The diesel/hydraulic R2 version is driven by the new 
DEUTZ TCD 5.2 L4 engine, which is very efficient, 
powerful, and clean. It applies to all EU Stage V and US 
EPA Tier 4 and is able to run on ecological biodiesel. The 
R2 is also available in ZERO drive version, which is full 
electric plug-in and has no combustion engine.

C7 3-DECK HIGH-CAPACITY CLASSIFIER
Keestrack will also introduce the brand-new high-capacity 
3-deck classifier to complete the product range for high-
capacity precision screening. The C7, with a capacity up to 
600 t/h, is equipped with a triple deck screen box of 5450 x 
1800mm with interchangeable screen meshes, which can 
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be changed quickly. The C7 is specifically designed for 
accurate and high-capacity precision screening for sand 
and aggregates. The walkways on each side of the screen 
box give perfect service and maintenance access. The C7 
has no support legs, resulting in quick set up times.

The C7 3-deck classifier is available in conventional 
diesel/hydraulic drive, but Keestrack’s R&D department 
already mention their plans to make it available in ZERO, 
full electric plug-in drive, in near future. Also, the 2-deck 
version is foreseen to come to market soon. 

P3 TWIN SHAFT SHREDDER
Keestrack, recently added the first tracked shredder, the 
P3, to its product range. This compact twin-shaft shredder 
is equipped with 2 heavy duty axles that can easily be 
changed within the hour. In different setups, the shredder 
can be used for various applications such as construction 
waste, mineral waste, biomass, green waste, logs and 
roots, waste wood, industrial & household waste, plastics, 
light metal waste, tires etc.

The 14,5t Keestrack P3 tracked mobile shredder features a 
tillable loading platform to feed the shredder. The shredder 
has a feed opening of 1589 x 1200 mm and a shaft diameter 
of 700 mm. The torque of 90,000 Nm per shaft provides 
a massive power of 180,000 Nm. The shaft speeds are 
45 and 25 rpm, and the rotation varies according to the 
program selected. The shredder features an automatic 
release system by reversing the direction of rotation. 

The P3 is available with options such as a magnetic 
separator, to separate precious metals, remote control, 
after screen, working lights and a fuel pump.

As expected, the P3 provides easy access for service, 
maintenance and repairs. The engine compartment is very 
accessible, with the new very efficient, powerful and clean 
DEUTZ TCD 5.2 L4 engine. It applies to all EU Stage V and 
US EPA Tier 4 and is able to run on ecological biodiesel.

B5 HEAVY DUTY JAW CRUSHER
Keestrack’s B5, available in 3-drive versions: conventional 
diesel/hydraulic, hybrid plug-in and ZERO full electric-drive, is 
a compact heavy duty jaw crusher used for primary crushing 
in quarrying and mining applications. The hopper (5m³) 
with heavy duty folding hopper walls with hydraulic locking 
system, is easy to load by excavator and wheel loader. The 
vibrating feeder (2300 x 1000mm) automatically adjusts the 
feeding material to the crusher to ensure the load capacity 
of the jaw crusher is optimal (80%). The long independent 
2-deck pre-screen (2300 x 1000mm) ensures a high crushing 
capacity while reducing wear of the crusher. The pre-
screened fraction(s) can go through the crusher bypass or 
can be separately stockpiled by the optional side conveyor. 

The jaw crusher has a feed opening of 1110 x 750mm and 
a feed size up to 600mm. The stroke of the swing jaw can 
be adjusted for hard stone or recycling applications. To 
remove blockages the jaw movement is reversed. 

The Closed Side Setting (C.S.S.) is from 45 to 180mm, 
even on worn jaws. The hydraulic gap settings can be 
changed via a wedge system. During operation the 
automatic wear recovery is active every 50 working hours, 
which guarantees a consistent quality of your end-product. 
The wear recovery can also be set manually, if needed.
Maintenance and repairs are facilitated by the design of 
the B5 through accessible walkways and doors and panels 
on all sides of the machine. Also, the hydraulic sliding 
frame ensures good service access under the feeder and 
scalping unit. The jaw crusher has 3-piece cheek plates 
which make replacements easier. Replacement of the 
jaws is fairly simple due to the easily accessible jaw plate 
top locking system.

The B5 is equipped with a Drop off engine/gen-set 
compartment like many other Keestrack crushers. The 
engine can be placed besides the machine in less dusty 
and vibrant conditions. Maintenance is much easier when 
having the compartment placed at ground level.
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Solving quarrying and mining 
tramp metal problems

Tramp metal exists in all mining and quarrying operations. The problematic contamination is 
difficult to avoid. The nature of mining and quarrying – extracting ore and aggregate using large 
heavy equipment - results in a wide variety of tramp metal contaminating the mined material. Such 
metal needs identifying and removing before potentially causing costly damage to processing 
equipment (e.g., crushers, screens, and conveyors). Additionally, for many mining operations 
there is a maximum metal contamination content in the mined ore specified by the end-customer 
(especially in coal supplied for power stations). 

Electro Overband Magnet installed in a gold mine

Bunting is one of the world’s leading designers 
and manufacturers of magnetic separators, 
eddy current separators, metal detectors and 
electrostatic separators, with globally located 

manufacturing facilities.

ORIGIN OF TRAMP METAL
Understanding the source and nature of the tramp metal 
is the first stage in the process of effective removal. The 
definition of ‘tramp metal’ is any item of rogue metal not 
naturally present in the mined ore or quarried aggregate. 
Such contamination includes digger teeth, pit props, 
blasting caps, nuts and bolts, and metal originating from 
the wear and tear of process plant.
Most mining operations involve a staged process of 
recovering the valuable ore, including size reduction 

(e.g., crushing and milling) to reduce the particle size 
and liberate the ore from the gangue (the commercially 
worthless material that surrounds, or is closely mixed with, 
a wanted mineral in an ore deposit), and segregation into 
different sized fractions (screening). Quarrying aggregates 
follows a very similar process. The processing equipment 
used at both these stages are most at risk of damage from 
tramp metal.

STOPPING TRAMP METAL DAMAGE
The nature of the rock, the process, and the tramp metal 
dictates the optimum metal contamination solution. The 
two technologies commonly used in mining and quarrying 
operations to prevent processing plant damage from tramp 
metal contamination are Magnetic Separators and Metal 
Detectors.
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MAGNETIC SEPARATORS
Magnetic Separators separate magnetically-susceptible 
tramp metal (e.g., steel and iron), automatically removing 
the problematic contamination from the rock. Selection 
of the optimum magnetic separator design for any given 
application is determined by the process and material 
specifications.

OVERBAND AND SUSPENSION MAGNETS 
An Overband or Suspension Magnet is positioned over 
a conveyor, with tramp iron attracted up and out of the 
conveyed rock. The ‘Suspension’ design features a 
magnet block which requires the manual removal of 
separated metal from the magnet face and is suited for 
installations with very occasional metal contamination. 
The ‘Overband’ design includes a self-cleaning belt that 
automatically removes captured metal away and into a 
collection area and is the best option with higher levels of 
metal contamination.

The magnetic field of both the Suspension and Overband 
Magnets is produced using an enclosed casing of carefully 
arranged permanent magnets or an electromagnetic coil 
wound around a steel core.

Permanent Overband and Suspension Magnets feature 
widely on mobile crushers and screens, especially for 
sites recycling demolition waste and quarries. Although 
some permanent Overband and Suspension Magnet 
designs operate at high suspension heights, the majority 
are suited for positioning at a maximum height of 
300mm above the conveyor. Such permanent designs 

successfully separate larger longer tramp iron such as 
rebar.

However, many mining operations have wide conveyors 
transporting large volumes and deep burdens of ore. 
This raises the suspension height of the Overband or 
Suspension Magnet, as well as creating a far more difficult 
separation environment. Tramp metal often migrates to the 
bottom of the burden and the magnetic field intensity must 
be strong enough to not only attract but also move the 
tramp metal through the mined ore. Such applications are 
better suited to Electro Overband or Suspension Magnets, 
which generate a far deeper and stronger magnetic field 
than the permanent design.

When projecting a deep and intense magnetic field, the 
electromagnetic coil generates a great deal of heat. As the 
coil heats up, so the magnetic performance decreases. 
Therefore, the design must incorporate efficient coil 
cooling systems using either oil or air. In oil cooled designs, 
the electromagnetic coil is immersed in a sealed oil bath 
inside a metal box. The ever-circulating oil transfers the 
heat from the coil to the outer walls of the metal box, where 
it is released and the oil cools. For enhanced magnetic 
performance of smaller coils, the oil is forced cooled by 
being passed through externally-mounted radiators and 
fans.

Air cooled designs incorporate various cooling mechanisms 
including fans blowing air onto the coil, and aluminium fans 
radiating out from the coil. Bunting’s air-cooled ElectroMax 
model is specifically designed as a compact but powerful 

Typical tramp metal separated by a magnetic separator.
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electro overband or suspension magnet, ideally suited for 
installations where there is limited space.

The shape and strength of the magnetic field projected 
by the electromagnet enables enhanced separation of 
smaller tramp iron such as bolts and nuts.

For both permanent and electromagnetic designs, 
positioning the surface face of the magnet as close as 
possible to the conveyed material enables the most 
effective metal separation. However, surges in material 
can produce variable burden depths. When the suspension 
height of an Overband or Suspension Magnet is very 
close to the top of the burden, such surges can result 
in conveyed rock striking the magnet, causing damage 
to the magnet and self-cleaning belt mechanism. Surge 
protection systems prevent such damage and include 
sensors to automatically raise the magnetic separator, and 
bars to spread and reduce the burden depth.

In many mining and quarrying installations, the Overband 
or Suspension Magnet work in conjunction with a Metal 
Detector. The configuration is dictated by the installation, 
with Metal Detectors either placed prior to or after the 
magnetic separator. In some installations, a Metal Detector 
positioned just in front of an electromagnetic magnetic 
separator identifies tramp metal and then sends a signal to 
turn the magnet on. Such a configuration suits installations 
where there are very low levels of metal contamination and 
a need to conserve electric energy.

More commonly, the Metal Detector sits after the magnetic 
separator to locate non-magnetic tramp metal not 
separated by the magnet.

CASE STUDY 
A 13-tonne Electro Overband Magnet designed and built 
by Bunting operates in a gold mine in Northern Finland. 
Over a twelve-month operating period, the Overband 
Magnet will lift and separate damaging tramp metal 
from approximately 2.7 million tonnes of conveyed ore, 
protecting crushers, screens, and other up-stream process 
plant.

MAGNETIC HEAD PULLEYS 
A permanent or electromagnetic Magnetic Head Pulley 
replaces the standard head pulley of a conveyor. In 
operation, any tramp iron present in the conveyed rock 
and reaching the end of the conveyor is attracted to the 
Magnetic Head Pulley and held onto the surface of the 
conveyor. As the returning conveyor leaves the under 
surface of the pulley, the separated tramp iron falls away 
under gravity into a designated collection area.

Larger and heavier tramp metal has a tendency to 
migrate to the bottom of the burden, making it more 
difficult to separate using a Suspension or Overband 
Magnet, but easier on a Magnetic Head Pulley. Long 
tramp metal is more difficult to separate using the 
pulley design as there is limited magnetic-field-to-metal 
contact as the long bar passes over, especially if aligned 
in the direction of flow.

The Magnetic Head Pulley suits existing installations where 
space is limited, restricting the possibility of installing 
Overband or Suspension Magnets over conveyors.

The Magnetic Head Pulley has one continuous magnetic 
field covering the whole circumference. The permanent 
magnet design is a solid structure with the whole pulley 
rotating as one and the magnet element integrally bound 
with the outer shell, rotating in unison. The electromagnetic 
version features a centralised stationary coil generating a 
deep and strong magnetic field and produces the strongest 
and deepest magnetic field and is better suited for high-
volume mining applications.

As the magnetic separator replaces the head pulley, the 
outer shell of both the permanent and electromagnetic 
models are commonly coated in a rubber lagging to 
provide extra grip to the conveyor.

CASE STUDY 
Two permanent Magnetic Head Pulleys, both 1.2m in 
diameter, operate in an iron ore mine in Sweden, removing 
large tramp metal from iron ore prior to crushing and 
screening. In this iron ore application, the conveyors are 
1.2 metres wide and travelling at 2 metres per second. The 
conveyor is carrying 650 tonnes per hour of iron ore with 
a bulk density of 2.4 tonnes per cubic metre. As the Pulley 
Magnets operate as the drive pulley, they are lagged 
with rubber to provide extra grip on the underside of the 
conveyor belt.

DRUM MAGNETS 
The Drum Magnet often provides the optimum separation 
of tramp iron but is less frequently employed due to 
installation space restrictions. Drum Magnets have a 
centralised, stationary magnetic element (permanent or 
electromagnetic) around which rotates a non-magnetic 
shell. Ore feeds onto the top of the rotating shell, commonly 
via a vibratory feeder. Tramp metal and other magnetics 
attract to the magnetic element and are held on the rotating 
shell before discharging when leaving the magnetic field 
beneath the drum. Other non-magnetic material flows in 
a normal trajectory and the two flows are separated by a 
strategically placed splitter.

The Drum Magnet achieves the highest possible level of 
tramp metal separation, with magnetic particles flowing 
close to the magnetic field. Larger diameter Drum Magnets, 
rotating at high speeds, handle larger volumes of rock. The 
close proximity of the magnetic field to the rock means 
that stronger Drum Magnets with neodymium magnets are 
capable of separating weakly magnetic rocks, the target in 
many mineral beneficiation plants.

As with the Magnetic Head Pulley, there are permanent 
and electromagnetic designs of Drum Magnet. 
Permanent models use both Ceramic Ferrite and Rare 
Earth Neodymium Magnet to generate either an axial 
or radial magnetic field. The axial field (i.e., with poles 
running across the width of the Drum Magnet) twists and 
turns the captured tramp metal to release any entrapped 
ore. Radial field Drum Magnets have poles running in the 
direction of flow, enabling the greatest level of magnetic 
separation, but can generate higher product loss due 
to entrapment. Typical applications for radial designs 
include the recovery of magnetically susceptible ores or 
removal of weakly magnetic minerals from non-magnetic 
ores.

METAL DETECTORS
Whereas magnetic separators find and remove tramp 
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iron, metal detectors focus on identifying all metal 
contamination. A Metal Detector features a coil either 
mounted under-and-over or underneath a conveyor. The 
conveyed rock either passes through or over the detector. 
The detection of metal occurs through the disturbance of 
the magnetic field produced by the metal detector coil. 
Detection of the presence of tramp metal sends a signal to 
the remotely located control. On receiving the signal, the 
control either stops the conveyor and initiates an alarm; 
sets off a diverter gate to reject a batch of material; or turns 
on the following Overband or Suspension Magnet.

In many large volume mining operations, stopping the 
conveyor is not an option. In such installations, a section 
of metal-contaminated ore diverts into a collection area, 
where the rock is either manually checked for metal or 
sent through a separate secondary system for tramp metal 
location and removal.

There are different Metal Detector designs to suit a wide 
range of mining applications.

TN77 Industrial Metal Detectors The tunnel-type TN77 
Industrial Metal Detector provides a continuous inspection 
of any non-metallic or non-conductive material, identifying 
and locating problematic tramp iron and manganese 
steels.

Unlike many other Metal Detectors, the TN77 is capable 
of indicating the simultaneous detection of 1 or 2 pieces 

of tramp metal. The Metal Detector also overlooks non-
magnetic copper-alloy belt fasteners (present in many 
rubber conveyor belts), which may cause false ‘trips.’

BESPOKE ENGINEERED SOLUTIONS
The removal of tramp metal is often critical. Damage to 
crushers, screens and conveyors disrupts and even stops 
production, at a huge repair and downtime cost. Failure to 
meet end-customer specifications for tramp metal content, 
especially in coal-fired power stations, results in costly 
financial damages or even the rejection of shiploads of 
material.

Large volume mining projects often require bespoke 
designed equipment. Bunting’s applications engineering 
team works closely with contractors and designers to 
understand the scope of the project. Once the challenges 
are identified, e.g., deep burden depth, wide conveyors, 
Bunting’s engineers design the optimum magnetic 
separator and metal detector solution, which is commonly 
bespoke to a project.

This understanding and knowledge is the result of 
designing and manufacturing magnetic separator and 
metal detectors for large mining projects for over 40 years.

For further information, please contact us on press@
buntingmagnetics.com or visit our website: Bunting-
Redditch – www.bunting-redditch.com

TN77 Metal Detector operating in an aggregate quarry.
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For conveyor belts to provide genuine value for money, 
they need to stand the test of time. The longer they run 
and the less maintenance and repair intervention that 
is needed then the lower the cost.  Apart from the most 
extremely aggressive applications, modern-day conveyor 
belts should run with little or no problem for several years. 
The past two decades have seen a growing domination by 
Southeast Asian manufacturers. In line with that growing 
domination has been a corresponding decline in life cycle 
and a parallel decline in the level of expectation amongst 
end-users, invariably encouraged by those who choose to 
supply, fit and maintain them.

SACRIFICED ON THE PRICE ALTAR
Such low levels of life expectancy are unwarranted 
because good quality belts can achieve up to five times 
longer working life compared to low-grade imported belts 
that are 50% or more, lower in price. In many cases, 
quality and longevity is knowingly sacrificed on the price 
altar but, in just as many cases, the sacrifice is being 
made unwittingly. Conveyor belts may look smooth 
and shiny when they first arrive on site but looks can 
be very deceptive. Poor quality belts contain a whole 
set of ‘timebombs’ caused by poor quality, unregulated 
materials and low production values. They start ticking 
the moment the belt is installed and, in some cases, even 
earlier.

INHERENT WEAKNESSES
Conveyor belts are much more complex than many 
people give them credit for. The ‘ticking timebombs’ are 
weaknesses commonly found in both the outer covers and 

Standing the test 
of time

Poor quality belts contain ‘timebombs’ that quickly start 
ticking.
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the inner carcass of poor-quality belts. Individually they 
lead to excessive repair and maintenance intervention 
and ultimately to significantly premature replacement, all 
of which massively inflates whole life cost and destroys 
any perceived ‘savings’. These in-built weaknesses can be 
categorised as follows: 

•	 Poor resistance to abrasive surface wear, cutting and 
gouging.

•	 Rubber degradation.
•	 Prone to rip and tear damage.
•	 Carcass failure caused by delamination.
•	 Unreliable splice joints.

ABRASIVE SURFACE WEAR, CUTTING AND GOUGING
The physical properties of the rubber are the single 
biggest influence on the length of a belt’s operational 
lifetime. The primary cause of cover wear and damage is 
the use of low grade ‘economy’ rubber with an inadequate 
resistance to abrasive wear, ripping, cutting and gouging 
rather than rubber engineered to withstand such demands 
over much longer periods. Much also depends on the 
overall strength of the rubber and its resistance to cut 
and tear propagation. If the latter is insufficient then even 
a small, seemingly insignificant area of damage in the 

cover can easily increase in size due to the continuous 
material loading and the flexing around the drums and 
pulleys. In time, this spreads and links up with another 
area of damage causing small pieces of rubber to be 
cut out from the surface rather than being simply worn 
thinner. 

 
Rubber forms some 70% of the volume 
mass and more than 50% of the material 
cost so it is the biggest opportunity 
for manufacturers to cut costs and 
improve their price competitiveness. 
Most conveyor belt rubber is synthetic. 
Dozens of different chemical components 
and substances are used to create the 
rubber compounds needed to cope with 
the different demands placed upon them. 
These chemicals and polymers are costly 
so using low-grade, unregulated versions 
at the absolute minimum levels, or in some 
cases not using them at all, is integral to 
the manufacturer’s ‘lowest sales price’ 
objective. 

A good example is carbon black polymer, 
which is a key component of rubber and 
makes up around 20% of a typical rubber 
compound. Carbon black prolongs belt 
life by slowing the ageing process and is 
also an important reinforcing compound. 
Despite its crucial role, it is a prime cost-
cutting target because good quality carbon 
black is costly. This is more significant than 
ever because Russia was a major source of 
good quality carbon black but the Russian 
– Ukraine conflict has stopped this source 
of supply. Belts offered with significantly 
lower prices are virtually certain to contain 
low-grade carbon black, much of which is 
now sourced from Southeast Asia. 

There are two internationally recognised 
sets of standards for abrasion, EN ISO 
14890 (H, D, and L) and DIN 22102 
(Y, W, and X). The longer-established 
DIN standards are usually the preferred 
reference in Europe. Generally speaking, 
DIN Y relates to ‘normal’ service conditions 

Surface cuts can propagate and link up with other areas of damage, causing 
pieces of rubber to detach completely if low grade rubber is used.
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and is the most commonly used, with a maximum volume 
loss of 150 mm³. Good quality DIN Y (EN ISO 14890 L) 
abrasion resistant rubber should be sufficient, but marginal 
or low quality rubber is quickly compromised, requiring 
frequent patch repairs and resultant loss of output due 
to stoppages. DIN X (EN ISO 14890 H), with a maximum 
volume loss standard of 120 mm³, is a little more versatile 
because in addition to resisting abrasive wear it also 
incorporates good resistance to cutting, impact (from high 
drop heights) and the gouging that is often caused by 
heavy, sharp materials. However, as far as abrasive wear 
is concerned, the highest grade is DIN W (EN ISO 14890 
D), with a maximum volume loss standard of 90 mm³. 

It is important to remember that DIN and ISO standards 
are only the minimum benchmark of acceptability. Even 
so, laboratory tests consistently confirm that more than 
50% of conveyor belts are significantly below the minimum 
standard. Even if a belt does marginally meet the required 
standard, manufacturers using higher quality rubber 
compounds can produce a significantly better resistance to 
abrasive action. In fact, one manufacturer’s DIN Y grade belt 
can outperform another manufacturer’s allegedly superior 
DIN X grade belt by a considerable margin. For example, 
Fenner Dunlop’s DIN Y standard rubber (RA grade) has 
an average volume loss of 96 mm³, so it has some 36% 
greater abrasion resistance than the DIN Y standard and 
20% superior abrasion compared to the DIN X standard.

PREMATURE RUBBER DEGRADATION
The most common but most unrecognised cause of belt 
deterioration is degradation caused by ozone and

 ultraviolet light. At ground level, ozone becomes a pollutant 
that is created by the photolysis of nitrogen dioxide (NO2) 
from automobile exhaust and industrial discharges. The 
reaction, known as ozonolysis, affects the molecular 
structure of rubber. Exposure, which is unavoidable, 
increases the acidity of carbon black surfaces and causes 
reactions within the molecular structure of the rubber. This 
has several consequences including surface cracking and 
a marked decrease in the tensile strength, all of which 
accelerates the wear and general degradation of the 
rubber.

The first visible sign is cracks in the surface of the rubber. 
These steadily grow until they complete a ‘circuit’ and 
the product separates or fails. Its ‘partner in crime’ is 
ultraviolet light from sunlight and fluorescent lighting, 
which accelerates rubber degradation by producing 
photochemical reactions that promote the oxidation of the 
rubber surface resulting in a loss in mechanical strength. 
Although damage may only start to become visible after 
a few months, these processes begin as soon as rubber 
is vulcanized. Prevention is achieved by the inclusion of 
antioxidants in the rubber compound but the overriding 
desire to gain a price advantage means that this life-
prolonging option is widely ignored, with laboratory testing 
revealing that up to 90% of belts sold in Europe, Africa and 
the Middle East do not have such protection. 

RIP AND TEAR DAMAGE
A great many belts are prematurely replaced as a result 
of catastrophic damage caused by impact and trapped 
objects. There is often a temptation to fit imported

Belts that are not fully resistant to ozone and UV have a much shorter lifespan.



 ‘sacrificial’ belts. This is neither a good technical 
nor economical solution. The reason why a belt 
is prone to damage is that the rubber and the 
inner fabric plies are low-grade and simply not up 
to the task. More frequent stoppages for repairs 
and change-outs make sacrificial belts even less 
sensible.

The only genuine solution is to fit a conveyor belt 
that has been specifically engineered to withstand 
the kind of punishment that would destroy a 
normal belt. Despite the higher purchase price, 
they are also the most cost-effective solution by 
far. The best examples use uniquely designed 
fabric plies that allow the nylon weft strands to 
stretch. As the belt is being pulled through the 
trapped object, the strands gather into a bundle 
that eventually becomes strong enough to stop 
the belt rather than propagate over a much long 
distance. The design of the fabric weave also 
allows energy created by heavy impact to be 
dissipated over a much wider area.

CARCASS FAILURE CAUSED BY DELAMINATION
The adhesion properties of a belt are a critical 
influence on both performance and longevity of 
any ply construction rubber conveyor belt. The 
term ‘adhesion’ relates to the adhesive bond 
between the inner ply layers to adjoining layers 
and between the surfaces of the outer plies and the 
rubber covers. It is defined as the force required 
to separate (pull apart) the adhesion between 
adjoining plies and/or between the plies and the 
outer covers. Good adhesion is fundamental to the 
durability, functionality and structural integrity of a 
conveyor belt. Conveyor belts continually flex over 
pulleys and drums. This repeated action creates 
stress. It is therefore essential that the belt has 
adequate ply adhesion to withstand this stress 
without delaminating, which is where the various 
layers separate, and the belt literally falls apart.
 
Good adhesion enhances the belt’s ability to 
trough and carry heavy loads without the risk of ply 
separation, making it suitable for more demanding 
applications. It also has an enormous impact on the 
reliability of splice joints because an inadequate 
level of adhesion compromises the strength and 
longevity of the joint. Unsurprisingly, the root 
cause of poor adhesion is the use of low-grade raw 
materials such as polymers, fillers such as carbon 
black, vulcanizing agents,  plasticisers, resins and 
curatives. Other causes include overheating or 
overcooking during the vulcanization process and 
the use of bulking fillers such as chalk or clay. 
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CONCLUSION
It is physically impossible to make a belt that can stand the 
test of time and provide a cost-effective operational lifetime 
if anything less than top-grade raw materials are used to 
make it. Belts produced in order to compete on price rather 
than reliability and longevity will always contain in-built 
weaknesses that vastly outweigh the perceived savings of 
a lower sales price.

AUTHOR
Jeremy Clark

Ripping, tearing and impact – the best solution is to fit a belt 
specifically engineered for the purpose.

Delamination – layers separate and the belt literally falls apart.
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BlastIQ Quarry™

O rica Digital Solutions combines Orica’s 150 
years of experience and know-how with 
powerful technologies to mobilise the earth’s 
resources more precisely, efficiently, and 

sustainably. The ecosystem seamlessly connects the 
physical and digital worlds, giving customers the right 
intelligence at the right time across their operations for 
better decisions and more predictable outcomes at every 
step of the value chain, from exploration to processing.

Digital technologies are becoming increasingly vital to 
a quarry’s daily operations, and Orica Digital Solutions 
has shared how customer feedback has shaped BlastIQ 
designed for the quarrying sector.

BlastIQ Quarry (Figure 1) delivers streamlined and 
improved blasting through smart and integrated 
solutions, offering quality control throughout the drill and 
blast process to deliver cost savings and superior blast 
outcomes. It allows quarry operators to design blasts 
according to performance objectives and presents drill 
and blast insights for continuous blast optimisation. 

Orica Digital Solutions Senior Manager for Technology, 
Matthew Craft, details the key benefits of the blast control 
solution for the quarrying industry.

“BlastIQ Quarry guides an operation through better 
blasting by digitising drill and blast data while also 
implementing a best practice workflow. The technology 
tracks change by monitoring compliance to design and 
blast performance. BlastIQ Quarry can provide further 
value by being augmented with natively integrated 
products such as Advanced Vibration Management and 
FRAGTrack™ for a true continuous improvement loop.” 

Designed in collaboration with customers, BlastIQ Quarry 
is a user-friendly system that saves engineering and 
operations time across the drill and blast process, from 
planning to blast performance analysis. 

Craft said the smart digital blast optimisation platform 
provides a single source of truth and delivers instant 
pre- and post-blast insights. Operators can collate their 
data digitally instead of manually handling paper-based 
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information and derive insights to inform their drill and 
blast performance. 

Complementary applications to enable a synergistic 
workflow include the SHOTPlus™ blast design and 
modelling software; BlastIQ Mobile, which places 
blast designs and hole conditions in the palm of field 
operators and engineers; and BlastIQ Insights, which 
enables the tracking of key performance indicators and 
comprehensive document storage. 

“These technologies work together to offer customers 
improved productivity. The blast loading instructions 
and rules are instantly digitally communicated to field 
operations to ensure the right explosive product and 
quantity is used at the right place and initiated at the right 
time.” Craft said. 

Operations can achieve improved in-field blast quality 
control and assurance by using the BlastIQ Mobile 
application, which captures auditable data directly. 
Operations and engineering personnel can share the 
blasthole condition, which is captured in near real-time, 
allowing data to empower rapid decision-making and 
improved operational efficiencies. 

With these features, BlastIQ Quarry can integrate easily 
into existing operational systems and processes. 

“This allows quarries to improve blast quality control, 
eliminate rework, and reduce excess drilling and 
explosives consumption,” Craft said.

“It allows quarry operators to confidently optimise their drill 
and blast activities, reduce costs, improve productivity, 
and manage regulatory compliance, ensuring the long-
term success of their quarry operations.”

BlastIQ Quarry is compatible with the public application 
programming interface and allows custom reporting and 
software integration in a single workflow. The electronic 
capture and transfer of field data to BlastIQ Insights 
eliminates manual entry and enables rapid reporting, 
intelligence, and audits with minimal transcription errors. 

Orica Digital Solutions designed the platform to 
eliminate excess expenses and reduce the risk of 
poor environmental outcomes while enabling efficient 
documentation management. 

“Smart and automated capabilities ensure the right 
explosive product with the right energy is loaded. Blast 
documentation and job pack functionality ensure relevant 
documentation is uploaded through the drill and blast 
execution process,” Craft said. 

Craft said other key features include remote auditing, 
centralised collaboration, and market-leading blast 
design tools. 

“With information securely and centrally stored, drill and 
blast information can be audited remotely. In addition, 
information can be shared collaboratively via cloud-
hosted web portals,” he said. 

“Exception reports can be generated to provide better 
visibility to manage blast quality control. Market-leading 
blast design tools are available for survey, profiling, 
loading and timing rules.

“BlastIQ Quarry undergoes continuous development and 
the team at Orica Digital Solutions continues to work with 
users to improve its value.”

Figure 1: BlastIQ™ Quarry offers extensive quality control throughout the drill and blast process to deliver cost savings and 
superior blast outcomes
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1.	 The rise in deep-sea mining and offshore exploration 
activities has led to increased demand for specialised 
mining trucks capable of operating in challenging and 
remote environments. These sectors require heavy-
duty trucks designed for robust performance in harsh 
conditions, contributing to the market's growth.

2.	 There is a growing trend of partnerships between 
mining companies and truck manufacturers to develop 
customised, efficient, and tailored solutions. These 
collaborations focus on improving the performance, 
safety, and reliability of mining trucks, ensuring they meet 
the evolving demands of modern mining operations..

3.	 Key Market Trends:
•	 Technological Advancements: Increasing 

automation and integration of AI, IoT, and GPS 
technologies to improve fleet management and 
operational efficiency.

•	 Energy-Efficient Models: The development of 
trucks with lower fuel consumption or electric 
alternatives to meet sustainability goals.

•	 Demand from Emerging Markets: As mining 
activities expand in regions like Africa and Latin 
America, there is a growing demand for mining trucks 
suited to different terrains and mining practices.

In recent years, the mining industry has undergone a transformation with the rise of autonomous 
mining trucks and robots, replacing traditional manual methods. The global mining truck market 
is experiencing notable growth, with its size expected to increase from USD 25.2 billion in 2024 
to USD 35.1 billion by 2033, reflecting a CAGR of 3.74% from 2025 to 2033. Several factors are 
driving this expansion: Gordon Barratt of Mining & Quarry World looks at the evolving demands 
of mining operations via the use of Haul Trucks and Automation.

The mining truck is a colossal vehicle designed to transport 
heavy loads of mined materials from excavation sites. 
Towering in size, these trucks can carry hundreds of tons 
of minerals, ores, or coal in a single haul. Engineered for 
extreme conditions, they boast robust frames, powerful 
engines, and durable tires, enabling them to navigate rugged 
terrain and steep inclines easily. Advanced safety features 
and autonomous technologies have revolutionised the sector, 
thus enhancing productivity and minimising human risk. The 
product contributes significantly to the efficiency of large-scale 
mining operations, ensuring the steady flow of resources and 
bolstering the foundations of modern industries worldwide.

The increasing integration of real-time monitoring and data 
analytics is fostering the market. Mining companies are 
leveraging advanced sensors and telematics systems to 
gather real-time critical data from the product. These sensors 
track fuel consumption, engine health, tire pressure, load 
capacity, and operating conditions. The data collected is 
then transmitted to centralised systems where sophisticated 
data analytics tools process and analyse it. By harnessing 
the power of data analytics, mining operators can identify 
inefficiencies, track equipment health, and make informed 
decisions to enhance overall productivity. Predictive 
maintenance models can anticipate potential breakdowns 
and schedule maintenance proactively, minimising downtime 
and increasing equipment availability. Furthermore, real-

Technological demands of the 
mining industry and the way 
forward
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time monitoring aids in optimising truck routing, enabling 
better load balancing and fuel efficiency. The integration of 
real-time monitoring and data analytics streamlines mining 
operations and enhances safety by providing insights into 
driver behaviour and potential risks. This is revolutionising 
the mining industry, driving cost savings, improved resource 
utilisation, and sustainable mining practices.

I was impressed by the technological advancements 
showcased at MINExpo 2024 in Las Vegas. The event 
highlighted the crucial partnerships between mining 
companies and heavy equipment manufacturers like 
Caterpillar, Liebherr and Komatsu all striving for a 
sustainable future. These collaborations are key to 
achieving the industry's net-zero emissions target by 2050. 
The focus on technology, particularly on carbon emission 
reduction, driven by the shared goal of achieving net-zero 
operations by 2050, mining companies are collaborating 
with heavy equipment manufacturers. My attendance at 
MINExpo, with its impressive display of equipment and 
machinery, reinforced my belief in the power of technology 
to achieve these sustainability targets. The following 
content highlights some of the key areas of progression 
from some of our leading mining manufacturers:

CATERPILLAR AFFIRMS LARGE MINING TRUCK PRODUCT 
LINE COMMITMENT THROUGH THE ENERGY TRANSITION
Caterpillar is reinforcing its commitment to deliver product 
design choices in alignment with customers’ operational, 
sustainability and productivity goals that increase the 
value of a machine throughout its lifetime. These designs 
align with Caterpillar’s strategy to deliver integrated site 
solutions to support customers today and through the 
energy transition.

As the industry looks to the future, Caterpillar is purposefully 
designing a modular Cat® 793 large mining truck platform 
with powertrain flexibility. This platform will include diesel 
mechanical, diesel electric and battery electric options.
Additionally, Caterpillar is leveraging the knowledge and 
validation acquired through its Early Learner battery 
electric large mining truck program to drive common 
platform benefits for its ultra class trucks, including diesel 

electric and battery electric offerings for the Cat 794, 796 
and 798 models.
 
Caterpillar has a legacy of designing products with 
‘customers’ current and future needs in mind. For decades, 
Caterpillar and the Cat dealer network have provided 
flexible solutions to extend the life of mining trucks, 
including retrofit kits, update and upgrade programs 
and full machine rebuilds. These options can extend a 
customer’s equipment to align with current products and 
technologies while reducing total cost of ownership.

Caterpillar Group President Denise Johnson quoted, “No 
matter the powertrain you desire, we will have a solution. 
Designing and supporting machine platforms that drive 
commonality, modularity and a seamless experience 
across our product lines is not new to us. Our large mining 
trucks are engineered to integrate with the technologies of 
today and of the future.”

All current diesel electric and battery electric large mining 
truck platforms are also compatible with the recently 
announced Cat Dynamic Energy Transfer system, 
providing immediate benefit to mine sites that want to 
lower their operating costs and greenhouse gas emissions 
while providing flexibility for the future. 

Caterpillar Senior Vice President Greg Hepler said, 
“Caterpillar recognises every mine site requires a unique plan 
to meet their sustainability objectives, which is why we are 
delivering a suite of integrated energy transition solutions, 
including machines with powertrain flexibility, energy transfer 
systems, energy storage and management capabilities, 
autonomy, and fleet management systems. Together with 
our Cat dealers, we are committed to supporting customers 
through every step of their energy transition journeys.”

CAT® MINESTAR™ COMMAND FOR HAULING MANAGES 
THE AUTONOMOUS ECOSYSTEM TO INCREASE HAULAGE 
EFFICIENCY, ENHANCE SAFETY
Caterpillar’s continuous investment and innovation in 
autonomous haulage with Cat® MineStar™ Command for 
hauling has resulted in hundreds of trucks operating at 
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dozens of sites across three continents. Offering multiple 
layers of protection to enhance safety at the mine site, the 
Caterpillar autonomous haulage solution drives hauling 
consistency and predictability at operations to enhance 
productivity and reduce cost. 

Leveraging decades of development and more than 11 years 
of operational experience, trucks equipped with Command 
for hauling surpassed 8.3 billion tons (9.1 billion tons) of 
material autonomously hauled as of September 2024. 
MineStar Command manages the autonomous ecosystem to 
increase haulage efficiency through less idle time, bunching 
at the loader, unnecessary empty travel and wasted fuel. 

"Caterpillar stands at the forefront of autonomous 
technology for a reason. They consistently advocate for a 
well-rounded solution that delivers and showcases value 
in safety, productivity, and efficiency. “We are constantly 
striving for excellence and innovation. We understand that 
achieving long-term sustainability requires a united focus 
on people, processes, and technology."

Cat autonomous technology is key to enhancing mine 
site safety. Command for hauling enhances safety by 
removing haul truck operators from potentially hazardous 
conditions. Cat autonomous trucks can detect and react to 
surrounding conditions and obstacles as well as interact 
safely with staffed equipment and light vehicles using a 
combination of our advanced onboard perception system 
and proximity awareness. 

"As the mining industry navigates the energy transition, 
Caterpillar recognises that productivity and energy 
management are interconnected and can influence 
the total cost per ton. To tackle this, Caterpillar is 
continuously developing and integrating new MineStar 
capabilities to support battery-electric technology and 
charging solutions. These innovations will manage  
the coordination of energy and production across a mine site.

"The mine site of the future will be more complex than ever 
before as customers strive to meet the same production 
goals while balancing new challenges like energy 
management. We believe that the connection between 
automation and electrification will unlock the potential for 
a comprehensive ecosystem, integrating technologies to 
meet or exceed the demands of today and tomorrow." 

These technologies enable the trucks to maintain optimal 
following distances and safe operating speeds and, 
upon detecting an obstacle or anticipating an interaction, 
automatically stop or slow the truck’s speed. 

Marc Cameron, senior vice president of Caterpillar 
Resource Industries, adds, “Of all the autonomous 
statistics and milestones Caterpillar has achieved over the 
past 11-plus years, the most important is that all of this has 
been reached without any reported injuries resulting from 
the mining trucks operating autonomously. We know that 
safety is of the utmost importance to our customers, and it 
is our top priority at Caterpillar as well.” 

Cat MineStar Solutions impact the hauling operation in 
multiple ways – enabling fleet assignment, fully autonomous 
haulage, equipment tracking, production recording, 
material management, business insights, safety solutions, 
maintenance solutions and more. An optimised hauling 

strategy leveraging autonomy helps to support sustainable 
operations by moving more tons with fewer machines. 

With retrofit kits available, today’s range of Cat mining 
trucks capable of fully autonomous operation span the 
190- to 370- ton (210- to 410-ton) class sizes, including 
the Cat 789D, 793D, 793F and 797F, as well as the electric 
drive 794 AC and high-altitude 798 AC models. These 
models can be equipped with a portion of the autonomous 
kit from the factory, making them “Command-ready” to 
reduce installation time in the field.

Beyond haul trucks, the Cat 789D water truck platform 
can be equipped with Command for hauling, providing 
a fully autonomous solution to manage haul road dust. 
Additionally, Caterpillar now provides Command for hauling 
as a fully integrated factory offering on its 139-tonne (153-
ton), Cat 785. 

Commodities mined around the world using Command 
for hauling include iron ore, copper, gold, coal, oil 
sands, lithium, and traprock. The trucks face extremely 
challenging mining conditions, from the 40˚ C (104˚ F) heat 
and red dust in Western Australia to sub-freezing -40˚ C/F 
temperatures of the Canadian oil sands. They also operate 
in the deep pit copper mines of South America. 

“We create software tailored specifically for each application, 
allowing trucks to efficiently navigate the axle-deep ruts 
of the oil sands or the steep grades of deep pit mines,” 
says Corey Wurtzenbacher, Vice President and General 
Manager of Technology and Global Sales Support. “Our 
engineers maintain close contact with mining customers 
and continuously improve software functionality, which is 
essential in the fast-paced technology sector to stay at the 
cutting edge with real-time advancements.”

COMMANDING REACH
Autonomous trucks of the future will play a crucial role in 
the energy transition, as systems like MineStar Command 
and Fleet will be essential to managing the battery usage 
for battery-electric trucks. Planned new capabilities will 
play a role in helping mines manage power by monitoring 
and orchestrating the complex balance of onboard energy, 
available charging assets and production targets to 
achieve the lowest operating cost. “It’s critical that one 
system manages all the energy usages, so, in the future, 
we are not just managing ore but managing energy as 
well,” adds Wurtzenbacher.

Caterpillar is also scaling into quarry applications, 
demonstrated by the company’s collaboration with Luck 
Stone to deploy Command for hauling at its Bull Run 
Plant in Chantilly, Virginia, USA. This is Caterpillar’s first 
autonomous deployment – technology, process, and 
people – in the aggregates industry and will expand the 
autonomous truck fleet to include the 90-tonne-class 
(100-ton-class) Cat 777. 

“Instead of automating more than 100 trucks on a mine 
site that operates 24/7, we’re automating four trucks in a 
quarry that work 10 hours a day, so it’s not just about the 
technology,” says Johnson. “It is about how to transform 
our technology and processes to manage a smaller 
operation, so it makes money for the customer and does it 
safely. This can be a foundation for how we as a company 
move forward into autonomy in other industries.” 
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MineStar Solutions offers a range of remote and autonomous 
applications besides autonomous haulage to help further 
optimise mine site operations. This includes Command for 
drilling to automate the drilling operation, Command for 
dozing to enable remote dozer operation and Command for 
underground to enable remote operation of load-haul-dump 
(LHD) machines. 

CAT® 785, 789 AND 793 NEXT GENERATION TRUCKS 
ADVANCED FEATURES IMPROVE PRODUCTIVITY AND 
SAFETY
The Caterpillar 125-to-240-ton (150 to 260 ton) productivity 
class mining trucks – Cat® 785, 789 and 793 next generation 
models – feature multiple new product developments. 
Next generation trucks are built on an advanced common 
platform with common electronic architecture, cab, and 
controls. “These next generation mining trucks feature a 
flexible technology platform and optional configurations to 
help each mining operation meet their goals,” says David 
Rea, vice president and general manager of Cat Rigid 
Frame Trucks, Bodies and Buckets. 

All models are direct mechanical drive and boast the latest 
electronically controlled transmission with Advanced Power 
Electronic Control Strategy (APECS). The transmission 
offers smooth gear shifts for a smoother ride and delivers 
productivity and efficiency improvements. Forward 
momentum and torque are maintained while shifting with 
optimum gear selection resulting in faster acceleration. 

There are more than thirty new or improved features 
with the next generation truck design, focusing on safety, 
productivity, and operator confidence. Truck development 
is focused on six key areas: 

•	 Productivity-boosting cab 
•	 Operator-focused environment that ergonomically 

accommodates a wider range of drivers
•	 Confidence-building controls that advance safety and 

operator confidence

•	 Innovative connectivity that offers increased data 
transfer speed, power of electronic control modules 
(ECMs) and advanced underlying architecture

•	 Improved maintenance 
•	 Built for the future 
 

CAT® DYNAMIC ENERGY TRANSFER SYSTEM, THE CAT® 798 
AC MINING TRUCK 
With its 372-tonne (410-ton) nominal rated payload, 
the Cat® 798 AC electric drive trucks deliver the highest 
standard payload available in its class size, higher speed 
on grade, easier maintenance and excellent resistance 
braking performance. The high-altitude arrangement 
(HAA) 798 AC features a 363-tonne (400-ton) payload, 
refreshed cab plus the latest performance, maintenance, 
and safety upgrades. 

At MINExpo, the hardware was installed for the new 
Cat® Dynamic Energy Transfer system prototype which 
can be used to power the 798 AC’s electric drive system 
during operation. This fully Caterpillar-developed system 
is designed to transfer energy to both diesel electric and 
battery electric large mining trucks while they are working 
around a mine site. This allows it to charge a battery 
electric truck’s batteries while the machine is operating, 
improving operational efficiency and machine uptime. 

Cat DET is comprised of a series of integrated elements, 
including a power module that converts energy from a 
mine site’s power source, an electrified rail system to 
transmit the energy and a machine system to transfer 
the energy to the truck’s powertrain. During the show, the 
798 AC truck was positioned with the prototype onboard 
attachment arm connected to a 73-meter (240-foot) 
section of the Cat DET rail system. 

FEATURES AND PERFORMANCE 
Standard Cat Payload Monitoring System technology 
delivers accuracy within 3%, with less sensitivity to load 
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placement in the truck bed. Offering better accuracy 
with overload situations, it also reports carryback 
measurements to improve payload tracking. Consistent 
with other Cat mining trucks, the haul road management 
tool tracks and benchmarks haul road conditions to 
improve road maintenance and maximise truck lifecycle 
performance. The ability to correlate trend data to repair 
records and failure data helps to improve productivity, 
performance, and safety. 

All high-altitude AC-drive mining trucks, like the exhibited 
798 AC, can now be equipped from the factory Command 
ready to streamline integration of Command for hauling for 
future autonomous operation. The latest controller design 
improves data communication capability by increasing 
transfer rates through the serial port in Command mode. 
Monitoring of ton-kilometer per hour improves tire health 
monitoring for better tire management, especially at 
Command sites. An available health interface module 
(HIM) provides an interface for third-party collision 
avoidance/proximity detection, tire monitoring and driver 
safety systems. 

Like all Cat mining trucks, the 798 AC now has braided 
harnesses and replaces p-clip fasteners with more 
rugged systems to improve durability. Monitored through 
onboard diagnostics, the integrated auto lube system 
improves greasing capability, enhances pump reliability, 
and prevents tank overfill and pressurisation via auto 
shutoff. A ground-level reservoir provides easier access 
for inspection, refill, and maintenance. Also available,  
the solid bar rock ejector improves performance in 
demanding applications where chain rock ejectors are 
less effective.

REDUCING EMISSIONS   
The diesel-electric design of the 798 AC, as well as all 
Cat AC-drive trucks, delivers high payload, fast speeds, 
and excellent acceleration, so miners get the most from 
the fuel burned. Equipping the truck with DET to make 
use of electric power on certain sections of the haul road 
provides opportunities to reduce fuel burn even more. 
To optimise fuel consumption at the mine site, the 798 
AC offers a range of engine power options from 2,050 
to 3095 kW (2,750 to 4,150 hp). Engines are compatible 
with diesel blended with lower-carbon intensity fuels 
like biofuels and renewable fuels, as well as blends with 
synthetic fuels. 

"Caterpillar and Cat dealers provide a variety of tools 
to assist miners in achieving their emissions-reduction 
goals. These tools include scale studies designed to 
optimise empty machine weight, minimise carryback, and 
ensure maximum payload. Site assessments examine 
multiple aspects of the mine site to enhance haul road 
efficiency, resulting in faster cycle times, improved 
productivity, reduced maintenance costs, and lower fuel 
consumption per cycle. Additionally, Cat Reman and Cat 
Rebuild programs help preserve raw materials, conserve 
energy, and reduce emissions."

KOMATSU: CONTINUITY, EFFICIENCY …AND IMPRESSIVE 
RESULTS.
When it comes to mining machines hauling their 
unimaginable loads Komatsu are also one of the leaders 
within this great industry of ours.

For more than a century the company has been creating 
value for its customers through manufacturing and 
technological innovation, partnering with others to empower 
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a sustainable future where people, business and the planet 
thrive together. Every aspect of their truck manufacturing 
capability is rigorously engineered to help reduce cost per 
tonne. From multiple innovative fuel saving features to 
industry-leading build quality and longevity, Komatsu offer 
a super-sized range of truck hauling capacities. 

The technological advancements showcased at recent 
international exhibitions were impressive, and I appreciated 
the opportunity to reach out and engage with the Komatsu 
team.

The technological advancements showcased at recent 
international exhibitions were impressive, and I appreciated 
the opportunity to reach out and engage with the Komatsu 
team.

MQW: QUESTIONS 

1.	 MQW: How does Komatsu integrate new 
technologies to improve fleet management? 

•	 Answer: At Komatsu, we leverage decades of 
experience optimising mining operations to help our 
customers increase productivity, improve efficiencies, 
and reduce operating costs. Whether a mine aims to 
move more material with its existing fleet or achieve cost 
savings through operational enhancements, our fleet 
management technologies provide intelligent solutions 
tailored to those needs. Our industry-leading solutions, 
including DISPATCH Fleet Management System (FMS) 
and Frontrunner Autonomous Haulage System (AHS), 
offer real-time optimisation of loading and hauling 
operations, ensuring efficient dispatching and decision-
making at every stage. Komatsu’s autonomous haulage 
technology, coupled with the reliability and durability of 
our electric drive trucks, has helped mines worldwide 
improve productivity while reducing the total cost of 
ownership, delivering cost savings and promoting zero 
harm through safer, more consistent operations.

•	 We recognise that a truly optimised fleet extends 
beyond individual truck performance to the entire 
mining operation. Our open supervisory platform allows 
customers to manage mixed fleets by integrating with 
various systems and equipment across mine site 
operations. Using Wi-Fi and LTE connectivity, real-time 
data from onboard health and performance monitoring 
helps drive predictive maintenance strategies, ensuring 
truck servicing is based on actual conditions rather than 
fixed-hour intervals. Additionally, our mining technology 
solutions team works closely with customers to integrate 
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and implement these technologies, analyze data, and 
drive optimisation across all tools within the platform. 
As a leader in autonomous haulage, Komatsu has 
commissioned over 815 autonomous haul trucks across 
more than 20 sites in five countries, setting the standard 
for efficiency, safety, and productivity in modern mining.

2.	 MQW: How are Komatsu trucks evolving to take into 
account challenging and remote environments?

•	 Answer: As mining operations push further into remote 
and challenging environments, equipment must evolve 
to withstand extreme conditions while maintaining 
efficiency and reliability. Komatsu collaborates closely 
with customers to anticipate these challenges and 
develop solutions tailored to their specific needs. 
Whether it’s increasing payload capacity, optimising 
engine performance for high altitudes, or equipping 
trucks with cold-weather kits, we take an application-
engineering approach to ensure our machines are 
optimised for the conditions in which they operate.

•	 Our engineering process follows a continuous 
improvement methodology – Plan, Do, Check, Act 
(PDCA – to ensure that our equipment is not only 
designed to meet initial specifications but is also 
continually assessed for real-world performance. 
This iterative approach allows us to work alongside 
customers over time, making necessary adjustments 
based on operating data and feedback. Our truck 
designs consider key factors such as haul distance, 
lift, ground conditions, and material abrasiveness, 
ensuring that mining operations in even the harshest 
environments can maximise efficiency and 
uptime. By remaining flexible and adaptive, 
Komatsu provides the performance and 
reliability mining companies need to operate 
successfully in these evolving conditions.

3.	 MQW: There is a growing trend of 
partnerships between mining companies 
and truck manufacturers to develop 
customised, efficient, and tailored 
solutions. Who is Komatsu partnering 
with and are there any case studies of 
how this has developed over time?

•	 Answer:  At Komatsu, we recognise that 
meeting the evolving demands of the 
mining industry requires collaboration with 
strategic partners who bring specialised 
expertise to the table. For example, in the 

development of trolley-assist systems, we focus on 
building reliable haul trucks and electric drive motors, 
while partners such as ABB and Siemens contribute 
their expertise in designing and optimising trolley 
lines, electrical substations, and power distribution 
systems. By working together, we ensure that the 
full trolley-assist solution maximises productivity, 
reduces fuel consumption, and lowers carbon 
emissions, helping mines achieve their sustainability 
goals while improving operational efficiency.

•	 In the pursuit of alternative energy solutions, 
Komatsu is collaborating with General Motors to 
develop hydrogen fuel cell technology, positioning 
us at the forefront of power transformation in mining. 
Our Power Agnostic Drive Train (PADT) platform is 
designed to accommodate future energy sources, 
allowing for seamless integration of new power 
technologies as they become viable replacements for 
traditional mechanical drives. Additionally, our long-
standing partnership with Cummins continues to drive 
innovations in high-altitude engine performance, 
ensuring that our trucks can deliver the necessary 
horsepower in oxygen-limited environments.

•	 As the mining industry evolves, Komatsu remains 
committed to embracing new technologies and working 
with partners to develop the most efficient, sustainable, 
and adaptable solutions for our customers. These 
partnerships enable us to stay ahead of industry shifts 
and deliver mining trucks that meet the challenges of 
today while preparing for the demands of tomorrow.
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LIEBHERR: INNOVATIVE TECHNOLOGY, COMMITMENT TO 
EXCELLENCE AND A SHARED VISION.
Recent exhibitions showcased impressive technological 
advancements, notably Liebherr's Haul Trucks, which represent 
years of dedication toward achieving zero-emission goals. 
Among several announcements was the unveiling of their 
autonomous, battery-electric T 264 Haul Truck. Developed in 
partnership with Fortescue, this truck demonstrates Liebherr's 
experience in developing, manufacturing, and providing 
innovative solutions for the mining industry. This article will 
examine how Liebherr is establishing itself as a leading global 
mining equipment partner.

It is the single largest equipment deal in the Liebherr 
Group’s entire 75-year history.

The partnership includes jointly developed technology that 
paves the way for carbon-free mining and features a total 
of 475 zero emission Liebherr machines – approximately 
360 autonomous battery-electric trucks, presented to the 
industry at an exciting event at MINExpo: fifty-five electric 
excavators and sixty battery-powered dozers. 

As part of the deal, Liebherr and Fortescue will deploy a 
complete autonomous battery-electric haulage solution for 
large scale mining operations. 

A zero-emission battery power system used in the battery-
electric trucks has been developed by Fortescue Zero, 
Fortescue’s technology arm.

Fortescue Zero’s battery power system will also be 
integrated into an electric version of Liebherr’s flagship 
mining dozer, the PR 776.

The large scale zero emission mining ecosystem 
developed by Liebherr and Fortescue will be available to 
the rest of the mining industry in the near future.

This deal is expected to create one of the world’s largest 
zero emission mining fleets and represents a major 
breakthrough in the pursuit of a mining industry no longer 
reliant on fossil fuels.

During an impressive event at MINExpo in Las Vegas, 
USA, Liebherr and Fortescue announced a significant 
expansion of their partnership and unveiled the jointly 
developed autonomous battery-electric T 264 truck. 
Both Dr Andrew Forrest and Dr Willi Liebherr attended 
the event to celebrate the historic deal. Together, the 
two companies will develop and validate a range of zero 
emission mining solutions, which will result in the supply 
of 475 new Liebherr machines featuring Fortescue’s 
innovative green technology to Fortescue’s operations 
in Western Australia. This represents about two thirds 
of the current mining fleet at Fortescue’s operations. 
Fortescue’s mining fleet consumed approximately four 
hundred million litres of diesel in FY24 and accounted 
for 51% of its Scope 1 emissions. Liebherr and 
Fortescue are committed to having a comprehensive  
and large scale zero emission mining ecosystem 
operational by 2030. Both companies have confirmed 
that, through their continued cooperation, customers will 
be able to access this ecosystem for their own operations 
in the coming years. The deal, with all the equipment  
and technological innovations, amounts to the single 
largest deal made in the Liebherr Group’s 75-year  
history.
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LIEBHERR-COMPONENTS: EXCELLENCE AT THE HEART OF 
MINING MACHINES
Liebherr’s components product segment presents 
innovative technologies that are at the core of every 
powerful mining machine. Liebherr’s commitment to 
excellence and decarbonisation can be seen in every 
product manufactured – be it a hydrogen engine, a 
travel, or a wheel drive, a CFRP hybrid hydraulic cylinder, 
an advanced slewing bearing with bearing clearance 
monitoring or the Reman program. Further, Liebherr 
offers exchange components for the mining aftermarket, 
providing customers with a comprehensive service they 
can profit from.

LIEBHERR AS A COMPONENT MANUFACTURER.
When manufacturing mining machines, Liebherr’s priority 
is to design matching components to withstand the highest 
loads and most challenging conditions in mines over 
a long operation time. Liebherr’s vast expertise in the 
development and manufacturing of powertrain technology 
brings clear advantages – from reliable components at 
the heart of reliable machines to continuous powertrain 

development based on the results 
of field tests.

Recently, Liebherr has begun to 
integrate its own series of engines 
into its excavators and trucks in 
new markets all over the world at 
first fit or as repowering projects.

‘As a part of its international 
strategy, Liebherr equips its 
machine fleets with its own high-
performance components. In this 
way, Liebherr guarantees that the 
entire machine meets the most 
stringent standards in terms of 
safety, performance, and reliability,’ 
says Steffen Apel, key account 
manager, combustion engines 
for the mining industry, Liebherr-
Components AG.

To master one of the significant 
challenges of this generation – the 
reduction of global greenhouse 
gases – Liebherr is working on 
alternative powertrain concepts. 
For example, Liebherr’s 
components product segment 
is developing ammonia internal 
combustion engine technology. 
The latter can be used in mine 
operations, where electrification 
is either not possible or not 
economical. Ammonia offers 
several advantages such as 
high energy density, ease of 
transportation and excellent 
storage capacity.

Liebherr also transforms used 
components into new parts in 
accordance with industry standards 
through its Reman program, 
contributing to the preservation 

of important resources. ‘Up to 75 % of raw materials and 
energy can be saved through the remanufacturing of used 
components. The carbon footprint can also be reduced by 
over 50 %,’ adds Jens-Christian Wannenwetsch, managing 
director, Liebherr-Ettlingen GmbH. Moreover, the 
remanufacturing of used parts cuts material costs, reduces 
downtime, and increases the availability of equipment. 
The Liebherr Group is currently remanufacturing used 
components at around fifteen locations with a total of 550 
employees worldwide. Each year, approximately 7,500 
components and countless individual parts are given 
a second life. Most of these locations are operated by 
Liebherr’s mining product segment, with a smaller portion 
belonging to the component’s product segment. A regular 
exchange of experience between these product segments 
ensures a continuous process improvement.

To increase efficiency, Liebherr uses both lightweight 
design and fibre composite technology (CFRP) for 
the manufacturing of a wide range of products. ‘Our 
manufacturing approach brings with it the significant 
advantage of component properties comparable or superior 
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to those of steel, 
alongside weight 
reduction. When 
applied in mining, the 
latter allows the use 
of larger attachments 
for mining excavators, 
which increases 
digging performance, 
operational efficiency 
and reduces emissions 
as a side benefit,’ says 
Dominic Gottwald, team 
leader composites 
technology, Liebherr-
Components Kirchdorf 
GmbH. ‘Liebherr is 
well-known for its 
quality management 
processes, which also 
apply to CFRP hybrid 
hydraulic cylinders.’

BHP AND LIEBHERR 
SIGN NEW GLOBAL FRAMEWORK AGREEMENT 
In 2024 one of the largest mining events in the world took 
place in the USA, Liebherr and BHP announced the signing 
of a Global Framework Agreement. Built on an existing 
agreement, this renewed partnership solidifies Liebherr 
as one of BHP’s preferred mining equipment suppliers 
across the company’s global assets, strengthening their 
collaborative efforts with the aim of advancing operational 
innovation and reducing greenhouse gas emissions across 
BHP’s global operations.

Liebherr, a world leader in mining equipment innovation, 
and BHP, one of the world’s foremost resources companies, 
have announced a Global Framework Agreement (GFA). 
This agreement further cements the long-standing 
partnership, uniting both companies in their shared pursuit 
of innovative mining solutions.

Building on a history of successful collaboration, the GFA 
merges BHP’s drive for responsible resource extraction 
with Liebherr’s technological expertise in heavy machinery. 
Together, they aim to continue pushing the boundaries of 
operational efficiency while enabling 
greenhouse gas emission reductions 
for BHP’s operations.

‘This extension is a testament to the 
strength of Liebherr’s relationship with 
BHP and our shared vision for the future 
of mining,’ says Dr Jörg Lukowski, 
executive vice president, sales and 
marketing, Liebherr-Mining Equipment 
SAS. ‘Over the years, we have worked 
closely with BHP to develop solutions 
that not only improve operational 
efficiency but also drive more 
sustainable outcomes. We are excited 
to continue this journey and deliver the 
latest advancements in automation, 
digitalisation, and electrification to 
their operations globally.’ Under this 
agreement, Liebherr and BHP will 
collaborate closely on delivering world-

class machine performance and integrating the latest 
advancements in safety, automation, digitalisation, and 
electrification across BHP's global mining operations.

PARTNER FOR SUCCESS
The partnership between Liebherr and BHP, which spans 
more than two decades, has seen the deployment of 
Liebherr ultra-class excavators across BHP’s global 
assets, including R 9600 Generation 8 machines. 
Notably, BHP's flagship South Flank iron ore operation in 
the Pilbara region of Western Australia received its first 
R 9600 in March 2020. In early 2024, BHP took delivery 
of its first electric excavator at its Yandi mine – a Liebherr 
R 9400 E. This machine is a fully electric version of the 
R 9400.

BHP’s chief commercial officer, Ragnar Udd, says, ‘This 
renewed agreement between BHP and Liebherr not only 
reaffirms our trusted partnership over the years but also 
signals our collective ambition towards helping to influence 
the future of mining through innovation, safety, productivity, 
operational excellence and greater sustainability.’



A leader in proven low emission solutions.
The Liebherr Zero Emission Mining Program was established to further develop the roadmap for a decarbonised future. 
Liebherr strives to provide customers with a range of methods to help meet emission reduction targets with solutions that 
use alternative energy sources like batteries, electricity, and alternative and hybrid fuels. By 2030, Liebherr Mining will offer 
entirely fossil fuel free solutions for digging, dozing, and hauling.
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