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Mining Automation: Driving Productivity and
Sustainable Cost Control

By Eric Tusseau, Engineer, Malvern Panalytical

The mining industry continues to face a convergence of challenges
that directly impact profitability and long-term sustainability.
Lower commodity prices, declining ore grades, stringent
environmental regulations, and rising operational costs have
become daily realities for producers worldwide. These pressures
have sharpened the focus on cash cost reduction and process
optimization. Against this backdrop, automation has emerged as a
transformative pathway to achieving both productivity gains and
sustainable growth.
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Data as the foundation for smarter decisions

Mining has always depended on timely and accurate information. Yet traditional approaches
to sampling and analysis are often too slow to provide actionable insights. Manual “bucket
sampling,” for example, requires large teams and significant time to produce data that is
already outdated when decisions are needed.

Automated systems now provide a breakthrough. Cross-belt elemental analyzers, robotic
samplers, and laboratory automation can deliver continuous data streams. These tools
enable operators to monitor incoming materials and final products with unprecedented
frequency. By collecting, preparing, and analyzing samples far more rapidly than manual
methods, automation allows data to be transformed into near real-time process control.

The lesson is clear: monitoring tells us what has already happened, but true control requires
fast turnaround. Every minute saved in sampling and analysis can be reinvested in
optimizing processing conditions, reducing waste, and enhancing product quality.

Reducing human error

Another key advantage of automation is the elimination of operator bias. Manual analysis is
inherently subject to variability, both within a single operator’s performance and across
different operators. Studies comparing automated and manual ore classification show a
significantly lower incidence of false positives and false negatives when automated systems
are used.
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Figure 2 The graphs below illustrate the comparison between operator and robot. Manual is

on the right, while auto analysis is on the left. These graphs represent the classification of an
ore. A false negative is when an ore is qualified as waste. And a false positive is when waste

is qualified as an ore. The horizontal axis shows the first value obtained and the vertical

shows the replicate value. Red lines crossing is what the result should be (certified).

By enforcing consistent sample preparation, rigorous workflows, and systematic data
capture, robotic systems ensure more reliable and reproducible results. This consistency not
only improves quality assurance but also builds confidence in the data used to guide multi-
million-dollar operational decisions.

Tools enabling mining automation
The toolbox for automated mining laboratories is diverse and continually evolving. Powder
samplers, slurry collection systems, automated crushers and mills, fusion machines, and

robotic arms are increasingly common. These are complemented by analytical techniques
such as X-ray fluorescence (XRF), loss on ignition, and combustion analysis.
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Figure 3 An automated mining central lab by Malvern Panalytical

Together, these components form integrated laboratories that can operate around the
clock, handling high volumes of samples with minimal human intervention. The ability to
automate both sample preparation and analytical workflows creates a seamless pipeline of
information that supports end-to-end process optimization.

Evaluating the financial case

Automation does require significant upfront investment, and mining companies naturally
seek evidence of return. Two key financial metrics—payback period and internal rate of
return (IRR)—provide a useful framework for evaluation.

Case studies demonstrate that automated analysis can often pay back within two years,
particularly in operations with high sample throughput. One silver mining operation
compared manual inductively coupled plasma (ICP) analysis with automated XRF. The
results showed that while ICP analysis carried high per-sample costs and slower turnaround,
automated XRF offered lower costs, higher throughput, and sustainable savings. Over a 10-
year period, the IRR for automation exceeded 30%, underscoring its long-term value.

Importantly, beyond direct financial returns, automation offers predictability. Operating
expenses become more transparent and manageable, while the risks associated with

inconsistent manual analysis are significantly reduced.

Towards a sustainable mining future
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The imperative for mining is clear: improve productivity, reduce costs, and manage capital
effectively in a sustainable way. Automation directly supports these goals by creating
workflows that are fast, unbiased, systematic, and financially predictable. It is no surprise
that global mining leaders, including Rio Tinto, have already reported savings of hundreds of
millions of dollars annually through the adoption of robotics and big data technologies.

For the wider industry, automation represents not just a competitive advantage but a
pathway to resilience. As ore bodies become more complex and environmental expectations
grow stricter, the ability to make faster, smarter, and more sustainable decisions will
determine the industry’s future.

At Malvern Panalytical, we see automation as central to this journey. By enabling real-time
mineralogical and elemental insights, our solutions help mining companies extract
maximum value from every ton of ore while safeguarding both profitability and
sustainability.
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