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RANSFORMING MINING:
THE ROLE OF DATA SCIENG
N REVOLUTIONISING THE
MINERALS INDUSTRY

Abstract

Data analytics for mining industry is driving a transformative shift
across mineral exploration, extraction, and operations. With Al in
the mining industry enabling predictive maintenance, autonomous
systems, and real-time monitoring, mining companies are unlocking
new levels of efficiency, safety, and sustainability. By leveraging data
science and predictive analytics in mining, businesses reduce costs,
boost productivity, and meet ESG goals, redefining the future of
responsible mineral development.
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The mining and minerals industry is taking
cues from the technological growth in
other industries and driving the change.
As“smart mining” gains momentum,
digital tools and data analytics capabilities
are transforming the way mining

companies discover, process, and extract

Data science in mining industry

Artificial Intelligence (Al) and data science
in mining industry are reshaping how

the industry operates, breaking down
operational silos and enabling more
connected, digitised workflows. A more
integrated and data-driven strategy has

minerals. Experts estimate the global
smart mining market, although niche, will
grow to $34.59 billion in 2030. This reflects
the industry’s shift towards the adoption
of data analytics for mining industry,
integrating wireless sensor networks,

big data tools, and advanced analytics to

the potential to unlock solutions for

key challenges such as Environmental,
Social, and Governance (ESG) compliance,
productivity optimisation, and cost

control. For example, Al in the mining

industry can help uncover more financially

The key technologies underpinning these modernisation efforts are:

Predictive modelling

Uses historical and real-time data to
forecast equipment failures, mineral yields,
and operational risks, improving planning

and resource allocation

I o c Optimisation algorithms

Streamline processes like scheduling,
logistics, and resource allocation for
maximum efficiency
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Automates pattern recognition within
complex datasets, enhancing exploration
accuracy and operational efficiency

Simulation models

Replicate mining operations virtually

to test potential scenarios and predict
outcomes without the risk of real-world
disruptions or harming anyone involved

automate and optimise operations, reduce
costs, and improve safety standards. Data
is at the heart of this revolution, with

data science in mining powering new
efficiencies and sustainable practices

that are redefining the minerals industry
landscape.

viable mineral deposits and optimise
operations, while predictive analytics in
mining can offer actionable insights for
smarter decision-making.

[eee ]
Geospatial analysis

Maps and analyses spatial data to identify
mineral deposits and optimise mine

layouts

Wearable technology
and loT

Collects health, safety, and environmental
data from workers and equipment in real
time, enabling swift responses in case of
an emergency.



@ Real-time visualisation
&J and analytics

Provide immediate insights into
operational status through dynamic,
interactive dashboards, helping managers
make data-driven decisions quickly.

**

Advanced data analytics for mining industry: Use cases

61_5_1 Digital twins

Create virtual replicas of mines or
equipment to monitor performance,
predict maintenance needs, and optimise
operations remotely.

Together, these technologies empower the mining industry to
transform traditional practices, driving smarter, safer, and more
efficient operations through data science and Al.

The applications of data analytics for mining industry are unlocking significant value across every stage of the mining lifecycle. Here are key

practical use cases showcasing how data science and Al in the mining industry are revolutionising mineral extraction and processing:

Accelerating mineral

@ discovery with smart
targeting

Predictive analytics accelerates mineral
exploration by analysing geological,
geochemical, and geophysical data to
pinpoint promising deposits. This reduces
costly trial-and-error drilling and increases
the chances of discovery. By interpreting
complex datasets, companies can identify
high-potential sites faster and more
accurately, thereby reducing exploration

costs and timelines.

Streamlining operations
< with real-time insights

Data analytics and Al in the mining
industry offer real-time insights to
facilitate data-driven decision-making.
This streamlines workflows and transforms
resource management, enabling precise
allocation of labour, equipment, and
materials while optimising production
schedules. By forecasting operational
bottlenecks, mines can respond
proactively to ensure consistent
production efficiency, reduce waste, and
drive cost optimisation.

Improving ore grade
% accuracy through data
integration
Advanced analytics combine sample
data with machine learning to enhance
the precision of ore grade estimation,
which is crucial for profitability. This
allows operators to prioritise high-grade
zones, optimise extraction strategies,
and improve resource valuation, directly

boosting financial outcomes.

Preventing downtime
with predictive
maintenance tools

Integrating loT sensors with machine
learning enables real-time monitoring of
equipment health. Predictive analytics in
mining helps reduce unplanned downtime
by forecasting failures before they occur.
Such predictive maintenance not only
lowers repair costs but also extends

asset lifespan and increases operational
reliability, thereby maintaining production
continuity.
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Boosting productivity

through autonomous

mining systems
Al'in the mining industry is transforming
mine operations through autonomous
mining systems, a major leap towards
fully digitalised mining environments.
Autonomous vehicles and robotic drills
improve safety by reducing human
exposure to hazardous conditions. They
also boost productivity through precise,
continuous operations.

Advancing ESG goals
through environmental
intelligence

Advanced data analytics for the mining
industry support energy management,
environmental impact assessment, waste
management, and ESG compliance.
Continuous monitoring and real-time
data on energy use, emission levels,
water reuse, and air quality help improve
efficiency and reduce carbon footprint.
This is critical for advancing sustainability
goals while complying with regulations.

Safeguarding workers
26 with proactive safety
monitoring

Data-driven risk assessments, real-

time environmental controls, and
predictive analytics in mining support
improvements in health and safety
within mining environments. Wireless

loT sensor networks monitor air quality
and ventilation in real time, reducing
hazards like toxic gases. Analytics-powered
advanced safety protocols reduce the risk
of accidents and protect worker well-
being.

Leveraging data insights from predictive analytics in mining

Driving supply chain
agility with data-driven
decisions

Data science in mining plays a crucial role
in enhancing supply chain efficiency by
improving demand forecasting, inventory
management, and transportation routes.
Streamlined logistics reduce delays and
costs, ensuring timely delivery of raw
materials and finished products. This
end-to-end visibility helps strengthen

operational resilience.

3 _ Maximising yields through
smarter resource planning

Data science in mining enables precise
extraction planning and optimisation

by integrating geological models with
operational data. This plays a key role in
reducing resource waste, maximising yield,
and improving mine lifespan. Moreover,
data-driven smart resource management
also supports sustainable mining and cost-
effectiveness.

Mining operations generate enormous
volumes of data daily, but a fragmented
approach to digitisation often limits the
potential of advanced data analytics tools
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in the mining industry. The challenge

lies in managing data complexity and
volume to truly benefit from predictive
analytics in mining. As data science in

mining advances, companies must adopt
a focused, strategic approach to convert
raw data into actionable insights and real
business improvements, which includes:



Once the foundational strategies are in place, the focus must shift to implementation. The following steps outline how to embed data

science in mining operations effectively:

Defining business goals
and data priorities

Define business goals and develop a clear
plan for integrating data science into
mining operations.

E_ Building and validating
predictive models

Develop and validate predictive models to
ensure they align with operational needs.

Leveraging design thinking when defining KPIs and data visualisation strategy
Focusing on the needs of end-users ensures data dashboards and KPIs are relevant,
understandable, and actionable. Tailored visualisations help decision-makers track key
performance indicators clearly and stay agile when responding to any emerging issues.

Driving business improvement with predictive models

Building predictive and optimisation models helps simulate scenarios, identify operational
bottlenecks and risks, and forecast outcomes. These models can guide strategic decisions,
enabling operators to prioritise investments and improve operational efficiency.

Powering decisions with real-time data insights

Accessing real-time data from sensors and equipment allows for immediate detection of
anomalies and faster decision-making. This capability minimises unplanned downtime and
supports dynamic adjustments to production schedules.

Enhancing operations using machine learning models

Leveraging machine learning algorithms can help uncover hidden patterns and correlations
within complex data. These insights refine predictive maintenance, resource allocation,

and operational planning, continually improving performance and transforming mining
operations.

Setting up real-time
monitoring systems

Designing accessible

dashboards and reports

Build customised dashboards to make Implement data platforms for continuous
data accessible and actionable. monitoring.
. . o : +
Leveraging machine By adopting this strategic *
@;ﬁ learning for automated framework, mining companies
insights can unlock the full potential of
Deploy machine learning algorithms to their data, enhancing efficiency,
automate insights and enable adaptive sustainability, and profitability.
learning.

Implementing Al in the mining industry: Key considerations and benefits

Successful integration of Al in the mining industry requires a thoughtful approach that aligns technology with business goals and

operational realities. Mining companies must consider several critical factors to ensure Al and data analytics for mining industry deliver real

and lasting impact, including:

Stakeholder engagement: Involve all
stakeholders in the implementation
journey, from operational leaders and
frontline teams to IT. Such a collaborative
approach fosters buy-in and smooth

adoption.

Data visualisation: Tailor tools and Gap analysis: Analyse information
formats to different users, ensuring data is flows, operational gaps, and automation
clear and meaningful across all levels. opportunities. Focus on high-impact areas

to maximise benefits.
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Continuous monitoring and
improvement: Regularly
assess Al system performance
and update models as

Agility: Stay flexible to
adapt Al solutions as market
conditions and technologies
change.

Cost and scalability: Balance
investment with potential
returns and ensure your

systems can grow with

Security and integration:
Protect data assets and
seamlessly connect Al tools
with existing infrastructure.

business needs evolve.

operations.

Adopting predictive analytics and Al in the mining industry delivers more than just productivity gains. These technologies unlock safety, cost,

and sustainability benefits that transform operations from the ground up.

~

End note

Advanced analytics and Al in the mining
industry are not merely technological
upgrades but strategic imperatives

that shape the future of mineral
extraction. These technologies enable
mining companies to leverage vast

datasets, transforming raw information

Enhanced safety: Al-powered monitoring
identifies hazards early, reducing risks to

workers and improving compliance.

Cost reduction: Predictive maintenance
and resource optimisation cut downtime
and lower operating expenses.

Improved efficiency: Data-driven insights
optimise processes, boost productivity,

and streamline operations.

Environmental responsibility: Al in the
mining industry helps track emissions,
manage water usage, and support ESG
goals for sustainable mining.

Accelerated exploration and discovery: Advanced data analytics for mining industry speed

up the identification of promising mineral deposits, cutting exploration costs.

* The road ahead promises ongoing transformation as advanced analytics

and Al in the mining industry continue to evolve. Mining companies

embracing these technologies position themselves at the forefront of

innovation, driving smarter, safer, and more sustainable operations.

into actionable insights that improve
operational efficiency, safety, and
sustainability.

By integrating predictive analytics

in mining, businesses optimise
production, reduce costs, and improve

their environmental footprint, all

For more information, contact infosysbpm@infosys.com

while navigating complex regulatory
landscapes. As the minerals industry
evolves, embracing data science in mining
will unlock new opportunities and set the
foundation for resilient, innovative, and
responsible mining operations worldwide.
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