Digitalization will touch every
aspect of mining operations
and will transform all aspects
of the business — from the
field to the boardroom.

A digital path to more productive,
safer and greener mining

The smart
mine blueprint
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Modern mining companies face a future under a watchful
regulatory and public eye. They must contain the impact
of extraction related to CO2 emissions and maintain high
safety standards while meeting ever-increasing demands
for the minerals that underpin everyday life.

To do this, mining operators are integrating new and
sophisticated digital technologies to help them achieve safety,
efficiency, and sustainability targets that would have been out of
reach just a few years ago.
Like many asset intensive industries, the primary mechanism for
mining companies to address this risk is through
decarbonization. Digitalization, automation and other new
technologies are the innovation engines that are making
decarbonization achievable and enabling mines to continue to
serve their markets in an environmentally friendly way while
maintaining profitability.

With decarbonization driving change, the industry is also
encountering new challenges related access to resources. As
high-quality mineral resources in low-risk areas become
exhausted, mining companies must venture into areas where
extraction has not previously been economically viable or they
must integrate new technologies for extraction and processing
at existing sites.
Simultaneously, mines are expected to increase production in
some areas as the global economy moves toward carbon
neutrality. For example, according to the World Bank Group,
clean energy needs will escalate the demand for rare earth
minerals by nearly 500% by 2050. Automation and digitalization
will result in more targeted and efficient mining, especially when
coupled with enhanced communications networks.
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The mining industry is roughly
30-40% less digitally mature
than comparable industries.
By permitting fast, data-based decision making, digitalization
boosts efficiency of the mining business from pit to port.
It is the key enabler to dynamically managing risk and
successfully positioning operators as they move to become
“smart mines” and make the transition to Mining 4.0. With
digitalization offerings and capabilities starting to mature,
now is the time to apply more creative, agile solutions to
long-standing challenges around worker safety, situational
awareness, the cost of energy, and operational efficiencies.
Opportunities from digitalization
The new era of Mining 4.0 is being built on the foundation of
connected equipment and critical communications networks
that bring data together to enable better decision making.
These digital capabilities are at the heart of a “smart mine.”
With better data, mining companies can leverage tools and
enable processes that make operations safer, more sustainable,
and more efficient.
Digital solutions can expand business capabilities through a
combination of technologies like mobility, cloud computing, IoT

sensor data gathering, advanced analytics, and cybersecurity.
Collecting and processing massive amounts of data will be
essential for mining companies as they digitalize and automate
their operations. While digital transformation has its own
challenges, the mining industry generally understands the longterm implications of the digital shift – and of inaction.
In a 2021 study by KPMG, 82% of respondents viewed
technological disruption as more of an opportunity than a
threat.
What’s more, 46% of respondents believe their organization is
actively disrupting the sector.
This is a good sign for the industry as a whole and an indication
of the level of commitment being made by mining companies to
move their operations toward the next phase, Mining 4.0.
Advantages of a smart, digital mine
Digitalization is not just one technology, it’s an integrated
concept of strategies, technologies and support across the
value chain that provides the foundation for the smart mine of
the future. Digitalization boosts communication and cooperation
with all players in the ecosystem, enabling smart mines to
speed up production, reduce downtime, boost employee safety,
and reduce costs. This value is driven by three key areas:
optimized operations, evolved electrification and more
reliable and resilient communications.

Mining 4.0 is analogous with Industry 4.0 or the Fourth Industrial Revolution. It is a
concept in which digital technologies such as artificial intelligence and machine learning
augment and extend automation capabilities throughout industrial enterprises.

Industry 4.0
Industry 3.0
Industry 1.0
• Mechanization
• Steam power

Industry 2.0

• Automation

• Mass production
• Assembly line
• Electrical energy

• Computers and
electronics

• Cyber physical
systems
• Internet of Things
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• Weaving loom
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Optimized operations
Automation, advanced analytics, and decision support make
mining operations more agile, streamlined, and responsive.
Companies that institute data transparency policies can readily
share information across the organization so decisions of every
type are faster and better informed – from the field to the
boardroom.

automatically across the entire site, enabling decisions to be
centralized and data driven. The nature and type of data
available to a digital mine also improves compliance and
reporting capabilities that are central to the ongoing license to
operate.
From an operations standpoint, a primary goal is always to
minimize maintenance costs and effort while maintaining
equipment reliability and availability. Leading asset performance
management (APM) systems bring new levels of prognostic
capabilities that use asset condition and process data to
optimize maintenance schedules and anticipate risk of failure.
Modern APM systems use sophisticated asset models that
combine data such as load, vibration and lubricant data,
recorded manually during monthly inspections with sensor data
from the online monitoring system. This approach provides
operators with a comprehensive picture of asset performance
and enables more accurate future risk assessments that have
already proven to save millions of dollars in replacement costs.

By integrating operational technology (OT) with information
technology (IT), organizations have the ability to consolidate the
wealth of data on system loads, markets, inspections and
equipment sensors with full transparency into the health of their
critical assets. This capability extends to the modernized
workforce that is mobile, data savvy, and supplemented with
operational hardware such as drones and robots to improve
data gathering and safety.
Mining companies need accurate, consolidated, and
transparent reporting at the core of their operations, to provide
critical insight and foresight for strategic and operational
decisions. In smart mines, real-time information flows

Industry leaders are driving
innovation efforts across all
aspects of their operations
(where implementation
is taking place by %
of respondents given
three options).
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Evolved electrification
One of the biggest opportunities for mines in this new smart
mining era is to migrate to an integrated electricity mix. Because
most mines are situated in isolated locations, on-site energy
management is critical to maintaining power and productivity.
The initial direction for transitioning away from fossil fuels is a
hybrid scenario where mines rely less on diesel and more on
renewable sources for power generation. From a hybrid model,
mines can then become self-sufficient by transitioning to gridconnected microgrids for their power generation.
At that point, energy management becomes even more critical
as grid-provided power is less of an option. Enabling energy
management and optimization for enhanced reliability and
resiliency can be achieved in a variety of ways, but mine
operators that create their own grid are much better positioned
to reap the benefits of system flexibility that enables the
greatest potential for reducing CO2 emissions.

The problems associated with long-distance transmission and
integration of renewables in off-grid locations have mining
companies scrambling to assimilate technologies that ensure
power reliability and efficiency. To successfully transition, mines
need a solution designed for both grid-connected and off-grid
applications, ensuring reliable power, seamless renewable
integration, and grid stability while reducing operating costs and
complying with grid codes and standards.
For mines considering development of their own energy grid, it
is important to understand that microgrids create value in
several fundamental ways. By supporting key operational goals
such as improving resiliency, providing off-grid quality power
with black start capability, and reducing reliance on diesel,
microgrids can lower operating costs, lead to higher uptimes,
and improve gross margins. Microgrid project development
costs are becoming more favorable as the unsubsidized
photovoltaic LCOE (levelized cost of energy) per kWh is now
lower than diesel generation.

It should also be noted that larger mining operations that rely on a mix of energy sources –
including diesel, batteries, and renewable energy – need a modern network management/
SCADA system that enables them to harmonize and integrate increasing data flows to
manage and optimize operations.

Integrated energy matrix
• Provides essential off-grid
quality power

Remote asset
management
and data
analytics

Solar PV
Wind
power plant power plant

• Improves resiliency by having
storage, generation and loads
optimally coordinated

Distributed
control system

• Reduces reliance on diesel and
associated supply chain risk and
CO2 emissions
Conventional
power

Lower operating costs, higher
uptimes and higher gross
margins for mines

Diesel parity
reached: solar
LCOE now lower
than diesel

Modular scalable energy
storage and grid
stabilization

Offices

Camps

Advanced power
distribution and
protection

Industrial
mining
loads

6

| T H E S M A R T M I N E B L U E P R I N T A D I G I TA L PAT H TO M O R E P R O D U C T I V E , S A F E R A N D G R E E N E R M I N I N G

Reliable and resilient communications
Virtually all aspects of mining operations are improved through
enhanced communications. With a workforce and assets that
are connected anytime, anywhere, mine operators can increase
efficiency across their operations and, with the aid of
operational hardware, dramatically improve worker safety.
Unlocking societal value through
the connected worker
Connected worker technologies have numerous applications in
the mining industry. For instance, equipping workers with
connected, intelligent wearables and mobile devices allows
mine and plant management to capture critical information
in real time. This also enables seamless communication;
immediate, remote expert assistance, diagnosis and real-time
guidance; and “follow-complete-document” workflows that can
be carried out directly in the field.
Through better tracking of individuals, especially in dangerous
events, it is estimated that around 500 lives could be saved and
more than 20,000 injuries prevented during the next decade.
New levels of intelligence
One of the most exciting things about digitalization
is the potential to apply radically different and more effective
technologies to address the range of challenges faced by mine
operators. Some of the emerging technologies are giving us a
glimpse into the possibilities, and next-generation concepts are
quickly becoming realities that will further define and drive the
industry forward.

EMERGING TECHNOLOGY
APPLICATIONS

Through better tracking of individuals,
especially in dangerous events, it is
estimated that around 500 lives could be
saved and more than 20,000 injuries
prevented during the next decade.

Augmented reality
By pairing workers with real-time data streams and
sophisticated visualization capabilities, AR will bring
situational awareness to a new level and will be one
of the most powerful and game-changing
technologies in the smart mine.
Automated equipment/robots
Moving humans out of harm’s way is just one
positive outcome of introducing autonomous
vehicles and robots in mines. Automated equipment
will also improve productivity and efficiency by
enabling mine operators to tightly orchestrate tasks
and extend periods of activity in confined or
dangerous areas.
Artificial intelligence
The breadth of how AI can be applied is stunning. At
mine sites, some of the most high-impact ways will
be practical applications such as prognostic
maintenance that will drive down costs and
advanced analytics that will affect everything from
workforce planning to market insight and corporate
strategy.
Integrated operations
Integrated operations provide a single source of
truth built on real-time tracking of information. This
positions companies to deliver step-change
improvements in decision making through advanced
analytics, to enable remote management of
resources where feasible, and to streamline
workforce allocation and utilization. The aim is to
optimize the entire asset value chain, asset, or
ecosystem, rather than improving the outputs of
individual isolated functions.
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How to get there:
Digital technologies for a smarter mine
Digital technologies help mining companies become more
competitive by providing tools and enabling processes that
make operations smarter, safer, more efficient, and more
sustainable.
The fundamentals
Underlying a successful digital mining operation are two main
technologies: a converged communications ecosystem and
mature data management services. Most operations already
have some sort of communications network in place and are
familiar with how those assets support a successful business. A
converged communications ecosystem upgrades those assets
to form an ultra-high capacity, ultra-low latency network that is
extremely reliable and capable of moving the vast volumes of
data generated in a digital mining operation.
Data management capabilities tend to vary widely throughout
the industry and must allow for new and emerging methods of
data acquisition, storage and retrieval. Modern data approaches
must also factor in the needs of emerging technologies and
systems like machine learning and artificial intelligence, as well
as management of unstructured data such as video. These
capabilities are essential to digitalization, and organizations may
need to add new skill sets to direct their implementation.
Three core services
Once the fundamentals are in place, mining companies must
turn their attention to developing:
• Industrial Internet of Things (IIoT) services
• Automation services
• Process control services
This will facilitate the core of their digital operations.

Integration and optimization of all
technologies offers more than 50%
improvement potential.

IIoT services
IIoT solutions are designed to put massive volumes and types of
data to work by making the abstract practical. By harnessing
IIoT data, mining operations can perform analytics in near-real
time, consolidate workloads, optimize production, implement
predictive maintenance, and enable automation. These
solutions can help lower costs, speed time to market, and
improve safety, efficiency, and uptime.
Automation services
Machine learning is, in many respects, the pinnacle of intelligent
automation. Where analytics help human beings make better
decisions, machine learning enables systems to learn from data,
paving the way for them to make decisions on behalf of other,
autonomously functioning devices. This can reduce or eliminate
the need for human intervention and pave the way for better,
faster data-driven decision making. Combined with other
technologies, AI and machine learning can augment human
intelligence by allocating resources, managing and monitoring
recurring activities, and providing recommendations when
problems arise.
Process control services
Traditional mining process control networks often rely on a
separate vendor network. Converging separate enterprise and
vendor networks into a single network that delivers the
requirements of all applications is critical in supporting future
improvement and/or change initiatives, without costly and
disruptive deployment of new infrastructure and services.
The accelerating convergence IT and OT has the potential to
bring new levels of agility to mining enterprises with superior
decision-making and risk management capabilities by
enhancing visibility and collaboration across processes and
systems. Unified IT-OT protocols facilitate real-time monitoring
of process and environmental parameters. Operational visibility
drives data-driven decisions to increase production throughput,
minimize equipment downtime and mitigate risks. Significantly,
the integration of IT and process control networks rationalizes
cost of operations as well as enterprise security.
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The path to Mining 4.0
Digitalization can also provide a significant reduction in
operating costs by enabling companies to optimize their assets,
enhance operating efficiency, and improve decision making;
and by simulating scenarios that boost business performance
to increase margins.
One of the keys to maximizing returns from digital technologies
is selecting the right technologies and making necessary
operational changes to take advantage of the newfound
capabilities. An important factor in this process is identifying
solutions that can scale to accommodate data flows from
across the entire enterprise. With many choices available in the
market today, each mining company has its own set of unique
requirements based on where it operates. Several technology
providers offer industry-specific solutions and others feature
data and analytics capabilities that deliver additional value to
the mining industry. Some vendors focus on a platform for IIoT
services while others emphasize added functionality like
machine learning, advanced queries and bespoke visualization.
Selecting a technology partner with rich domain expertise,
superior software capabilities, and the ability to quickly scale up
across the enterprise while transforming each process will meet
the challenges of executives in the industry who are seeking to
achieve a fast return on their investment.
Leading mining organizations have already
enabled digitalization through focus on the
following capabilities:
• Converged mine-wide network
• Real-time location
• Digital communications
• Asset health and performance management
• Field worker enablement
• Connected workers
• Video intelligence
• Advanced visualization and operational convergence

Smart mines are future-ready
Companies that best leverage digital technology will be better
prepared to successfully weather the next economic downturn,
contain the environmental impact of extraction, address new
regulations, and establish new frontiers. Integrating digital
strategies, technologies and support across the value chain will
enable mines to move into the future with confidence. It will also
help them maintain their license to operate by lowering CO2
emissions, increasing electrification, and nurturing a safer
workforce. At the same time, smart mines can take advantage
of opportunities to reshape the business by increasing
payloads, improving production, and bringing operational costs
under control.

Only 10% of mining executives have
implemented at least one digital
transformation initiative.
How Hitachi Energy can help
For over a century, Hitachi Energy has been a leading
technology solutions provider to the mining and minerals sector.
Today, mining is about much more than extraction, and mine
operators face a broad range of challenges in managing their
day-to-day operations. To maintain productivity in the face of
declining grades, remote and technically challenging ore
bodies, and unprecedented cost volatility, more sophisticated
systems are required to manage and optimize complex
operations.
Hitachi Energy’s digital solutions, such as the advanced
prognostic capabilities in Lumada APM, empower our
customers to get more out of the ground faster, safer, cleaner,
and more cost-effectively, while equipping them to meet the
future of the industry head-on.

Digital transformation is a process that
begins with a single step, and the potential
for improvement is too great to wait.
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Smarter
long-term
planning

O&M
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cost reduction

Increased
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productivity

Improved
safety

Benefits of
digitalization in
the mining
Industry

Increased
reliability &
uptime

Better use of
capital
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