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Introduction 
To respond to ever-increasing challenges, mining companies have been experimenting with 
new business models and technologies to speed mine development, production, processing 
and transport.  The various experiments involve mobile access to data, intelligent sensors, 
advanced analytics, virtual collaboration, virtual reality, automated equipment, remote 
operations centres and strategic partnerships.  

A number of mining companies are also conducting major initiatives to reinvent the way 
operational processes are carried out to achieve a step change in performance, including 
safety and environmental outcomes.  Central to this new way of working are improvements 
to the way we connect people, process, information and technology, resulting in a more 
highly collaborative business model, with roles and processes designed to take advantage of 
new technology.  The components of the mining operation act as a connected network 
aimed at a common goal, regardless of the boundaries of organisation and location. 

The design of this new organisational ecosystem should take into account the recent IT 
advances that enable the ‘plug and play’ integrated collaborative environment, including 
cloud computing, mobile devices, telecommunications and social networking, as well as 
advances in robotics, sensors, geo-location, digital labelling, simulation and analytics. 

Benefits from adopting a new approach to mining include the more effective use of scarce 
expertise, improved data and information analysis, reduced process variance, and more 
informed and faster decision-making.  

The future of mining will see more technology savvy workers who will drive adoption of 
new processes.  The operations will shift from a relatively static and disparate set of 
functions, to a digitally aware, dynamic, automated, integrated and interactive environment, 
with increased agility, lower operating costs, higher productivity and improved safety. 

The content in this position paper has been largely derived from a paper presented at the 
International Mine Management 2012 conference (Farrelly, Malherbe, Gonzalez, Bassan 
and Franklin, 2012) and the co-authors of that paper are acknowledged as having 
contributed significantly to this view of the mining industry. 

Drivers for Change 

Commodity Prices 

The mining industry has been in a growth cycle for the last 10 years and is likely to 
continue to grow to meet the demand for commodities from the urbanisation and 
industrialisation of developing economies.  This demand is driving increased prices, but 
within this overall trend there has been a much greater variability due to the volatile market 
conditions in the developed world.   
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The main impact in Australia of this increased demand has been the increased number of 
capital projects in mining and petroleum, although the recent economic conditions have 
seen a decrease in the less advanced projects. 

 

Input Costs 

This rapid growth in the mining industry has also led to chronic shortages of expertise and 
equipment, which in turn has driven up costs to the point that getting them under control is 
a key objective of many mining CEOs. 
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The cost of labour is getting widespread press, but it’s only one part of the rising cost story. 

 

The need to build supply chain infrastructure to support growth has also been a major factor 
in the escalating costs of projects.  This is usually in the form of railway and port 
infrastructure, but can also include long-range slurry pipelines and conveyor systems. 

Severe shortages in some key consumables (e.g. truck tyres) are also driving up input costs 
and leading to new ways of managing the operations to optimise these costs, both on site 
and in the back-office for reduction of the energy and material inputs. 

The imperative for most mining companies to maintain control of the costs of existing 
operations means that major transformations involving the automation of systems and 
processes will take time, and initiatives need to demonstrate a clear business case at every 
stage to justify the effort against a portfolio of many other useful ideas for advancing day to 
day operational excellence. 

The increased costs have been the main reason given by mining companies for the overrun 
in the cost of the major capital projects. 
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Ore deposits are not what they used to be 

Mines are becoming more difficult to build and operate due to decreasing grades, 
increasing depths, more complex mineralogy and less convenient locations.  In response to 
these challenges, the methods of mining and processing are becoming more automated and 
the ore product supply chain is becoming more continuous from the mine face to the 
delivered shipment. 

 

Running large scale projects and complex mining operations in remote locations is also 
becoming more difficult due to the increasing difficulty of attracting experienced staff to 
work in these locations.  This has led to the rise in the use of remote operations centres in 
mining and petroleum, which were already in widespread use in other industries such as 
aerospace, defence, utilities, IT and telecommunications. 

Maintaining the Mandate to Operate 

Mining companies are under increasing community scrutiny and government regulation in 
the way they run their operations, particularly in regard to: 

• Occupational health & safety 

• Environmental management 

• Effects of climate change 

• Higher taxes 

• Threat of resource nationalisation 

In response to these challenges, the mining companies need to continually lift their game in 
operating excellence for existing mines and through proper design for new mines. 
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Industry Response 
These drivers are creating a change response in most mining companies, who are running 
mostly independent initiatives aimed at: 

• Faster processes – with fast tracked capital projects to bring additional product to 
market as quickly as possible, as well as various methods of operational business 
improvement to improve the efficiency of end-to-end processes, such as Lean six-
sigma projects. 

• Cost cutting – the attitudes to business change for many executives in the mining 
industry were developed during their formative years as managers throughout the 
1990s, when commodity prices were in chronic decline (recall the debate about 
"sunset industries" versus "sunrise industries").  So it’s not surprising to see a quick 
return to cost cutting measures as a response to the rising cost of production.  This 
includes both “Sweating the Assets (operations)” and “Sweating the Suppliers”. 

• New business models – there are a number of different approaches to changing the 
traditional methods of mining processes, including: 

o Converting from largely mechanical/manual processes to various methods of 
automation – including remote tele-operation of equipment through to 
almost fully autonomous vehicles. 

o Converting from batch to continuous processes – for example changing from 
a drill & blast cycle to continuous mining, enabled by new rock breaking 
machines, and moving from truck-shovel operations to in-pit crushing and 
conveying systems. 

o Reorganising the business process to enable greater end-to-end integration – 
for example a coordinated supply chain process for moving the finished 
product and providing visibility to all involved parties, including external 
parties. 

o Developing strategic partnerships with key suppliers to outsource key parts 
of the value chain – for example, handing off the blasting operation to 
explosive companies. 

o Implementing Remote Operations Centres (ROCs) as collaborative hubs to 
monitor and control almost every aspect of the operation, including 
providing the data and information necessary at different levels of the 
business and across different functional boundaries. 

o Creating innovation partnerships to develop new generation technologies for 
core mining processes, especially for the development of automation. 

o Continued expansion of IT into every aspect of operations, which is now 
accelerating due to disruptive changes in consumer markets, and leading to 
the convergence and integration of Operational Technology (OT) and 
Information Technology (IT) – this is covered in more detail later. 

These change responses amount to the mining industry attempting to transform in order to 
become faster, cheaper AND better, and to do all three requires a ‘step change’ in the way 
value is generated, particularly in regards to both increased productivity and reduced risk. 
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Step Change is: 

• Ambitious, with quantum leaps in performance, delivered rapidly 

• Business enabling, to create agility in a changing world 

• Sustainable, giving long lived competitive advantage 

• Technology-enabled, using latest thinking which gets beyond mere substitution 

Step Change is NOT: 

• Just cost reduction 

• Continuous improvement 

• Automating existing processes 

• Implementing a technology silver bullet 

• Another fad 

Some exampes of mining companies implementing a coordinated step change through 
major initiatives are: 

• Rio Tinto – Mine of the FutureTM 

• BHP Billiton – Next Generation Mining 

• AngloGold Ashanti – Technology & Innovation Consortium 

• Codelco – Digital Codelco 

These initiatives are similar to a series of transformations that swept through the global 
petroleum industry about 15 years ago and it’s not surprising that some of the solutions 
being implemented, such as remote operations centres, are very similar in form and 
function. 
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There are also a number of different approaches to collaborative innovation being used in 
the mining industry, where research organisations partner with one or more mining 
companies to develop new methods of exploration, mining and processing.  In Australia, 
the mining research organisations include: AMIRA International, CSIRO, CRC ORE, CRC 
Mining and JK Mineral Research Centre.  

Technology Enablers 
At the core of the various attempts to create step change in mining is the integration of 
systems and processes that are enabled by generic IT systems, which have been on an 
exponential growth path for the last 20 years.  The available storage, computing and 
communication capabilities have reached a level of change that helps unlock new ways of 
working in any industry, including mining. 

The main driver for IT change has been the impact of the internet on consumer markets, 
and the dominant disrupting trends can be summarised as: 

• Cloud Computing – backend infrastructure and commoditised applications that 
scale cheaply to massive storage volumes with easy access over the internet using 
standard protocols and “pay-by-use” costing models. 

• Mobile Devices – intuitive access to any software via handheld phone and tablet 
devices with software implementation and costing made easy via “App stores”. 

• Social Networks – collaboration software services that are designed to connect 
people around topics of common interest and share information and knowledge on 
an as-needs basis. 

• Advanced Communications – underpinning the other three trends is the significant 
improvement in high-speed networks for wired (fibre) and wireless 
communications, particularly with the convergence of data and voice technologies. 
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For the mining industry, the main impact of these trends is to create the opportunity for the 
“plug and play” integrated collaborative environment, which in turn becomes the basic 
enabler of other technology applications that have a more direct impact on transformational 
change in mining.   

The following is a list of technology topics that are applicable in most operationally 
focussed industries, but which have a high relevance to the changes happening in mining 
today.  This is not an exhaustive list covering the entire mining value chain, but does focus 
on the topics of main interest to mining operations in reference to IT enablement. 

Robotics and Equipment Automation 

Continued improvements in robotics and automation have enabled mining applications to 
move from the fixed plant environment to the more complex mobile equipment arena.  
Success in the remote operation of underground mining equipment has now been translated 
into open cut mines, with autonomous trucks, drills and trains all being trialled in the Rio 
Tinto iron ore mines in the Pilbara and by other companies elsewhere. 

The term “Operational Technology” (OT) covers systems that directly monitor and control 
equipment, and are usually managed outside the realm of corporate IT groups.  These 
systems have been developed over many years by the OEMs (e.g. Caterpillar, Komatsu, 
Sandvik , Atlas Copco and others) and automation vendors (e.g. ABB, Honeywell, 
Schneider, GE and others).   

The development of the associated engineering and data standards that allow these systems 
to be integrated in a real-time “system of systems” environment have mostly been 
developed by the manufacturing, defence and aerospace industries, due to their reliance on 
more fully automated equipment.  By comparison, there is a notable lack of these sorts of 
standards in the specialised mining equipment sector. 

With the relentless improvement in capability and performance of the consumer IT 
systems, OT vendors are moving to more generic IT components and standards, and so 
reducing the need for specialist real-time components.   IT departments in every major 
company have long ago learnt the advantages of open standards for creating environments 
that can be easily integrated and supported.  The OT environment is therefore becoming 
more and more like a normal IT environment.  Similarly, the applications of IT to the 
analysis and interpretation of field data have been applied to increasingly real-time 
operational processes. 

This trend has been labelled “IT-OT convergence” (Roberts and Steenstrup, 2010), and is 
fuelling a power struggle in many companies between the control system engineers and the 
IT people.  An early battleground for this struggle has been the provision of 
communications to the operations areas, which were once highly specialised “industrial 
networks” but are now rapidly moving across to generic standards such as IP, Ethernet, 
WiFi and others. 
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Sensors and Spatial Location 

Sensors that work independently to an existing automation system are proliferating in all 
industries.  Cheaper, smaller sensors with more “intelligence” are opening up a range of 
applications.   The smart phone is also becoming an intelligent sensor, initially by replacing 
portable computers for data collection and analysis in the field.  An average mobile phone 
now has more compute power than the Apollo missions to the Moon, which had the most 
powerful industrial computers of their day.  Added to this is the ability to easily capture 
photos, video and audio, and so the amount of field data being collected is exploding.  
Furthermore, the proliferation of software for mobile phones and tablets has extended to all 
areas of human endeavour, and a common question is changing from "Is there an app for 
that?" to "Which is the best app?".  

Part of the intelligence in many sensors includes location awareness, and the use of cheap 
GPS chips in phones has helped create a whole new range of geospatial applications.  This 
includes automatically geo-locating field data through to a variety of portable mapping and 
visualisation applications.  The ability to manipulate data on maps has moved from 
specialist CAD draftsmen and geologists to being anyone with a phone.  This is allowing 
data to be visualised in different ways and is one of the major areas of opportunity for 
handling the deluge of field data. 

The use of smart cards is transforming the way a workforce can be managed, and in fact the 
mobile phone could also become the "one card" device for all manner of access and control 
applications, as well as being the portable computer for managing workflow. 

There are also other technologies that can determine location when GPS is not available, 
such as inside buildings or underground.  Alternatives include using:  

• additional ground stations to augment the GPS satellites to improve precision and 
coverage,  

• smart cards that use a wireless network to locate by triangulation, 

• an on-board gyroscopic compass,  

• a laser scan of the tunnel wall for accurate positioning,  

• active RFID sensors to position between known points, and 

• radars to position moving objects.   

Combinations of these techniques can be used together to create redundancy in location 
measurement, which is especially useful in support of critical applications like collision 
avoidance for autonomous vehicles. 

Another form of sensor being widely implemented includes digital labelling systems such 
as RFID tags, which have largely replaced barcodes as a means of identifying an object.  
There have been a number of mining case histories of RFID tags being used to track items, 
such as: parts and material along a logistics supply chain; tracking piping for construction 
lay down yards; tracking people and vehicles in underground mines.  There is no doubt that 
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RFID sensors and a whole range of new sensors, often location-aware, will continue to 
proliferate across all working areas of a mine, and the main challenge will be to link them 
into the overall IT environment in a “plug and play” manner. 

Mine Site Communications 

High bandwidth and redundant communications across all working areas of a mine is a 
fundamental requirement for any automation or IT application.  This has been a challenge 
to date for the mining industry because of physical constraints imposed by the layout of 
mines, particularly in deep open cuts and underground workings.  There are also regulatory 
constraints over network spectrum availability.  Underground coal mining has additional 
challenges based on the need for intrinsic safety certification for any electronic device due 
to the possible presence of explosive methane gas and coal dust. 

Traditional radio telemetry has been the mainstay for wireless communication, and the 
usual wired solutions have been leaky feeder, category 5 Ethernet cables and optic fibre.  
The advent of WiFi networks using ISO standards based equipment (802.11) has seen a 
proliferation of wireless solutions in mining operations.  The standard office-grade 
solutions, however, lack the quality of service for reliable real-time communications, and 
bandwidth will still be a limiting factor, particularly in a shared network with many 
different applications running on the same wireless network or multiple networks operating 
on the same frequency bands.  

While the rate of improvement in mine communications has lagged the rest of the IT 
industry, it has now developed to a stage where replacement technologies are now 
becoming available.  Fibre optics is already the preferred solution for the common 
backbone, and a number of broadband wireless technologies (Next Gen WiFi 802.11n and 
4G/LTE) can address many of the current limitations with existing wireless networks, 
especially when combined with military-grade levels of reliability and ruggedness.   

The application of these more advanced wireless broadband solutions may be severely 
restricted by the policies for spectrum management implemented by different national 
regulators, with consumer applications usually being given priority over industrial 
applications.  Some technologies will simply not be available in some jurisdictions, or will 
be only available from Internet Service Providers and Telcos for rental at a premium price 
and with restrictions on how it can be used.   It is likely therefore that WiFi networks will 
be needed for some time and the limitations factored into the design. 

The use of high definition video in particular will need to be carefully managed and only 
used at high frame rates when absolutely required.  Strategies will also be needed for 
storing and forwarding data on a schedule that optimises the network for data rich 
applications such as equipment health monitoring.   Network hungry applications that need 
high availability, such as automation and remote equipment operation, will need real-time 
bandwidth control, including handling fail-over redundancy, managed inside the devices in 
the field.   
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Systems and Data Integration 

Once the data is collected in the field and transmitted to the back office from a myriad of 
sources, it needs to be stored and shared with anyone who needs it.  The master database 
approach has been tried in mining and other similar industries and failure has always been 
the result, mainly because it is expensive, hard to maintain and inflexible, and so reducing 
the ability of the business to change.   

Intelligent integration solutions that allow for data to be moved and translated on the fly are 
a way to treat data like a network and so allow for multiple islands of data that can talk to 
each other.  Some mining vendors that have tried this approach but none have solved the 
problem completely.  The best of these approaches uses a messaging system to automate 
the connections, allowing parts of the network to drop out for a period of time and 
resynchronise when reconnected. 

Any integration solution is difficult to implement, particularly where there are no common 
data standards, even de facto proprietary ones being driven by a dominant vendor.  This is 
in stark contrast to the petroleum industry, where data standards have been supported by the 
major oil companies and made easier to implement due to the existence of only three 
dominant core system vendors (Halliburton, Schlumberger and Baker Hughes).   Attempts 
to develop mining specific data and inter-operability standards have failed to gain wide 
acceptance and this issue remains a significant barrier to full automation and systems 
integration in mining (Miklovic and Robertson, 2010). 

Another approach is to make the islands of data as big as possible within a defined scope 
and so reduce the complexity of integration.  Examples include storing and managing:  

• all financial and work process data in a single ERP system (eg. SAP), 

• all performance measures in a data warehouse,  

• all sensor data in a process historian (a time series database that scales to very large 
volumes), 

• all geospatial data in a specialist geospatial database, and  

• all documents in a document management system.   

Dividing the data landscape in this manner means that tight integration is required between 
these big systems to achieve anything of genuine value to an operation, thus leading back to 
the issues with a big database approach. 

New ways of doing smarter integration are being developed all the time in the wider IT 
industry, but most (such as a Service Oriented Architecture) rely on strong industry 
standards to be successful.   Some show considerable promise, such as Business Process 
Management Systems (BPMS) that can orchestrate a number of separate application 
systems to follow a defined business process while being managed independent to the 
applications.  Another approach is a Business Process Guidance Systems (BPGS) that does 
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not at all try to integrate the applications, but instead guides the worker through a defined 
process and so makes it a lot easier to use a complex set of systems.   

None of these potential integration solutions are mutually exclusive and the best way 
forward is likely to be a combination of all these approaches (Bassan, Srinivasan, Knights 
and Farrelly, 2008). 

Analytics and Simulation  

The quantity and variety of data and the complexity of the end-to-end mining processes 
require better methods of analysing data to render it into forms that can be more easily 
discussed with a broader audience.  More advanced applications also allow running 
different scenarios to improve the quality and speed of decisions. 

The deluge of sensor data and associated information can be managed by automating, as far 
as possible, the minute-by-minute decisions involved in the collection and processing of 
data and in the control of equipment.  This automation will also reduce the variability of 
process and outcomes. 

In the past, analytical methods were time consuming for both collecting data and analysing 
it with complex software, and it was not practical to apply analytics (advanced or 
otherwise) on a regular basis for operational data-based decision making.  Normal practice 
has been the delivery of reports containing historical data describing “what happened”.  

New, more advanced techniques can be used to optimise business processes and allow 
organisations to make faster and better decisions.  These advanced analytical techniques 
include statistical analysis, predictive modelling, optimisation, simulation, modelling of 
risk, advanced visualisation and expert systems.  Automating these capabilities will help 
business decision makers, who have limited time and limited statistical background, to 
make better quality decisions from extensive volumes of data (Bassan and Knights, 2008). 

Scenario planning uses a broad range of analytics to feed an automated planning process, 
and involves the use of simulation to derive and assess multiple possible interpretations of a 
particular data set.  This approach has been used for grade simulation, pit simulation and 
supply chain simulation for many years, but is now starting to be linked together for more 
significant scenario based planning decisions (Vann et al, 2012). 

These more advanced techniques are used extensively in industries such as aerospace, 
defence, semi-conductor manufacture and power generation to improve uptime, improve 
quality, reduce cost and enable real-time decisions to be made from massive data sets.  

Large volumes of data are available in a mining operation from instrumentation on fixed 
plant, mobile mining equipment and numerous environmental sensors (e.g. monitoring air 
quality, temperature, radiation, seismic).  Major global mining companies are starting to 
collect and retain this data, but few mining operations are gaining much benefit from any 
detailed analysis of the data.  
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Visualisation and Virtual Reality 

Situational awareness is the provision of real-time information about where everything is 
and what everything is doing.  Technologies that combine location tracking, visualisation 
and geospatial representations are becoming important for enabling the relevant network of 
people to assess and discuss the relevant context for operational decisions.   

Fly-over and walk-through views have been provided by 3D CAD vendors for many years 
for design reviews in capital projects for major new facilities.  There is also widespread 
adoption of 3D modelling and 2D GIS in specialist areas such mine planning and 
environmental management.  In mining, the progress beyond those areas of application has 
been far less than has occurred in other industries, but is expected to rapidly expand as the 
technology continues to get cheaper and better. 

The use of graphics and visualisation is not limited to spatial dimensions.  Any data 
variables can be compared in visual form, and the traditional cross-plots are easily extended 
into multiple dimensions by the use of colour and movement, as well as the use of 
advanced analytics to combine multiple dimensions into two or three that can be easily 
visualised (Bassan and Knights, 2008).  These techniques are in common use in minerals 
exploration to analyse airborne geophysical data and multi-element geochemical data, but 
have not often been applied in mining operations. 

Virtual Reality is a computer-generated environment that mimics a real environment.  This 
requires a virtual world created as a 3D model of the environment, often rendered with 
colour and textures to match reality as much as possible.  Stereo sound is also an integral 
part of the experience.  This is the basis for training simulators, which were pioneered in 
the military and aerospace and are now used in every industry that has expensive and often 
dangerous equipment, including mining. 

The use of computer animation in movie making has helped drive developments in this 
area, but the on-line computer game industry has driven the recent progress.  Early adopters 
in mining are starting with the existing applications that had previously used expensive and 
specialist 3D systems, such as geoscientific data interpretation, engineering design reviews, 
environmental impact assessment, and vehicle operator training.  The ready availability of 
cheap and even free tools on the web will extend the areas of application, especially those 
involving massive data sets and complex processes. 

There are also opportunities in taking the virtual world into the field for reconciling 
expected results from plans and models against reality using a technique called “augmented 
reality”.  The use of smartphones to show a heads-up display of data overlayed on the real 
world is raising awareness of this technique, initially by doing such things as translating 
text on the fly, recognising people in a crowd, labelling business names in a street view and 
identifying constellations in the night sky.  This idea is being piloted by mining companies 
for applications such as providing visual instructions to mechanics in the field and heads up 
operator guidance in vehicles (Bassan, Srinivasan and Tang, 2011). 
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Collaboration and Knowledge Sharing 

To operate mines in the future, the level of capability and knowledge of the smaller 
workforce will need to be increased significantly in comparison to existing operations.  
Even maintaining the operational knowledge in existing mining operations has become a 
challenge due to staff turnover and a reduced workforce.   The explicit and tacit business 
knowledge held by individuals is rarely captured, is often difficult to codify, and is most 
commonly transferred through personal experience.  Even when knowledge is well 
maintained within a business function, transferring information and knowledge between 
disciplines is slow and inefficient, often lacking details like contextual information.   

Addressing this issue requires smarter systems and supporting processes that intelligently 
capture business knowledge for subsequent re-use when decisions need to be made.  The 
future mine will require the improved sharing of knowledge over organisational and 
geographic boundaries as well as the retention and recall of knowledge over time.  In other 
industries, knowledge is being dynamically captured through self-service and self-managed 
on-line communities and reference sites similar to Wikipedia and del.icio.us.   

As described in some detail by Dixon (2000), the main impediment to the ability of an 
organisation to learn over time is neither the availability of knowledge (encoded as 
information) nor the willingness of people to share their knowledge, but is mostly in the 
ability of the receiver to accept and adopt the knowledge.  Hence the "not invented here 
syndrome" and the common statement "our operation is different".  The focus needs to be 
on the actual knowledge transfer process and setting up the behavioural and cultural 
conditions for it to work.   

Other operational industries have realised that organisational learning only happens when 
there are active and sustained efforts to ensure knowledge is captured and made available in 
a form that is easily replicated and where employees are actively rewarded for the adoption 
of other people’s ideas.  The technologies already exist to support this; the changes in 
behaviour are much harder to achieve.  

A better strategy, at least in the early phases, is to focus on real-time collaboration through 
the use of video-conferencing and on-line social networking, which allows knowledge to be 
shared using methods already in common use in mining, where most people learn on the 
job.  The behavioural changes necessary for this to work are becoming less of an issue 
since the new generation of workers (“Generation Y”) have grown up with the internet and 
the active use of interactive technologies and mobile devices, and so are more willing to 
make use of any collaborative on-line learning environment.  The boom in social 
networking tools (Facebook, LinkedIn, Yammer, Google+, etc) is driving new ways of 
achieving better virtual collaboration and knowledge sharing. 

Core Business Applications 

The core business applications are those that directly support the mining value chain; 
starting with exploration and mine planning systems, through to production and 
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maintenance of mining equipment and processing plants, through to managing the product 
supply chain to customer shipment.  Most of these systems, especially at the front end of 
exploration, mine planning and mining operations, are specific to the mining industry and 
are serviced by vendors who grew up in the industry. 

The main purpose behind the integration, visualisation and collaboration technologies 
mentioned above is to assist workers using these specific core business applications to carry 
out their work, and to promote the free flow of information between the various disciplines 
and their enabling systems.  The lack of dominant vendors and lack of common industry 
standards for mining means that the industry needs to continue to struggle with multiple 
applications that are not only hard to integrate, but present problems in consistency in the 
user interface and the ways they work.   

Many of the generic tools such as word processors, spreadsheets, web applications and file 
sharing systems are in widespread use because a dominant vendor (Microsoft) was able to 
dictate the user interface for the whole industry.  The same is now happening with the 
dominance of Apple in the mobile device market.  

The vendors that sell specialist applications in mining try to adopt these general de facto 
standards for the user interface, but in many other ways their systems are unique, 
particularly in the way they deal with data.  This uniqueness makes it difficult for people to 
learn and maintain their skills and makes it difficult for IT departments to integrate the 
systems.  

To manage a collection of inconsistent applications, each mining company therefore needs 
to reinvent the overall architecture and this not only adds time and cost, but inevitably leads 
to constant change as new theories of IT architecture enter different companies at different 
times.  One approach is for a critical mass of mining companies and their suppliers to get 
together and develop and support an industry standard architecture framework (Miklovic 
and Robertson, 2010). 

For basic integration, one approach is to use a Web portal system that incorporates freely 
available visualisation and mapping tools from openGIS and Google to deliver applications 
that are easy to use simply because they are familiar, while still keeping the data in an 
industrial strength geospatial database.  The data technicians managing the data would use 
the full set of specialist tools, but the engineer or geologist would only need the web 
overlay.  Yet another approach is the use of orchestration systems (BPMS and BPGS as 
mentioned earlier) to sit on top of the applications and act as the standard interface, leaving 
only the specialists in a discipline needing to use the applications in their native form.   

One problem with the insular nature of the mining software industry is that the specialist 
vendors have often not kept up with the rapid trends in the IT industry, largely because of 
their need to survive through the feast and famine cycle of the mining industry, when they 
are either too busy with new clients or else struggling with a lack of income.  There has, 
however, been a trend in recent years for large vendors in other industries to move into 
mining, which they see as one of the few global growth industries, and acquiring mining 
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software vendors with a significant existing client base.  This is bringing an influx of new 
thinking and new money into a software industry that needs the impetus. 

Some of the new thinking is really old thinking from more technologically mature 
industries such as aerospace and defence.  Examples include CAE acquiring Datamine in 
2010, Hexagon acquiring Intergraph in 2010, ABB acquiring Mincom in 2011, Triple Point 
Technology acquiring Qmastor in 2011, Dassault Systèmes acquiring Gemcom in 2012 and 
Schneider Electric acquiring SolveIT in 2012.  This influx of outside expertise and finance 
should help accelerate the move to better ways of working simply because the pathways to 
success are already understood by the new players. 

Business Support Applications 

Business Support covers all the non-core business processes and are enabled by the same 
applications as are required for any industrial business, including systems for finance, HR, 
legal, office tools, email, document management, etc.  The IT strategies for most global 
mining companies have included standardising these systems across the enterprise in order 
to reduce overall management costs and to standardise and optimise support processes.  
Other benefits claimed are to improve information security, facilitate people moving 
between divisions and to speed the integration of acquisitions. 

The main implications of this standardisation for the core mining processes are in regard to 
the need for integrating data and information across end-to-end business processes.  This 
means that the enterprise standards have an important role in reducing the complexity of 
integration and improving the maturity of the IT governance processes to optimise support 
of the systems and services.   Unfortunately, it can also mean that innovation initiatives in 
the operations are impaired by the difficulty in making any changes to the enterprise 
environment and by the risk-averse position taken by many corporate IT departments, who 
are primarily charged with providing reliable and secure basic services. 

The main support system that impacts the integration of end-to-end processes is the ERP 
system for finance and HR (usually SAP for major mining companies), since activities such 
as tracking costs and KPIs, procuring parts and equipment and recording compliance 
training directly impact most of the core business processes at the operations.   

The time and expense, however, in rolling out an enterprise ERP system can distract the 
business for years at a time, and can make it very difficult to progress any transformational 
activities in the operations. 

The corporate policies and services for unstructured information management are also very 
important, including email, document management, collaboration and information sharing.  
The information security policies in particular can have a significant impact on the move 
towards external collaboration with partners and can be a key reason why companies find it 
very hard to improve their level of collaborative end-to-end process maturity.  The IT 
departments in most large companies struggle with the trend towards the business use of 
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social networking tools and cloud computing, since they offer numerous ways to bypass the 
information security barriers. 

The other common corporate policy that can restrict innovation is in regards to PCs and 
mobile devices.  The need to keep the company communications secure usually leads to 
strong enterprise standards for end-user devices and their operating systems, which are 
managed in a way to minimise security risks and support costs above all other objectives. 

These and other enterprise IT policies and services can have a negative impact on the 
ability to implement operational transformations, and there is often a disconnect between IT 
governance and the needs of operations for high availability and high performance in the 
real-time OT environment.    

The IT systems environment should be standardised for adaptability and robustness rather 
than cost and simplicity.  Achieving this requires a well-crafted business alignment strategy 
that is business led and cascaded down from the enterprise to all divisions and partners in 
such a way that the strategic needs of the business (e.g. to transform to a new operating 
model) take priority over many of the other non-core competing needs. 

Discussion on Future Mining 
Advances in technology, business models and work practices in many industries and in the 
consumer market have demonstrated it is possible to design and operate mines in a very 
different way.   The innovators in the industry are implementing Remote Operations 
Centres and extending the use of autonomous and tele-operated vehicles.   This trend is 
only just beginning, and as technology develops at exponential rates, whole new 
operational models will emerge. 

Early gains will be from improvements in situational awareness through an increase in the 
number of mobile devices and sensors in the field, all connected to the back-end via 
redundant and high performing telecommunications.  The mass of data collected will be 
processed and interpreted with the help of advanced analytics and simulation, with an 
increased use of visualisation and web technologies to collaborate with internal and 
external experts.  

The result is that better information will be delivered to all levels of a mining operation to 
enable more robust and timely decision-making and allow end-to-end business processes to 
be properly coordinated and orchestrated.  

The industries that have implemented more advanced IT systems in support of operational 
processes have all reported significant benefits in terms of improved decision-making and 
lower operational risk.  In a study of remote operations initiatives in the defence, aerospace 
and petroleum industries (Farrelly and Records, 2007) it was found that there was a 
remarkable consistency in the lessons learnt during implementation.  At a high level, there 
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were really only two lessons: 1) designing the appropriate solution and 2) enabling the 
change.   

The key to designing the solution was to:   

• take a balanced approach and cover all dimensions of people, process, information, 
technology and culture,  

• focus on the integration technologies (as described in the previous section), and  

• properly plan a staged implementation to climb successive levels of maturity. 

The key to implementing the change was to 

• attain executive stakeholder commitment for the whole journey, and  

• embed the behaviour changes necessary for successful operation. 

The best way to cover both these lessons is to focus the business case and the design on the 
value generated by improved decision-making.  That is, a key factor in designing solutions 
for the future mine is to look more carefully at the critical decisions that need to be made in 
the business, who makes them, what data and information they need and the required cycle 
time.   

These critical decisions for an operational business like mining can be grouped into 
different levels, largely based on cycle time and value potential, and these levels can 
become the basis for the design of new processes and enabling systems.  The needs of long 
cycle planning decisions are fundamentally different to the needs for short-cycle shift 
decisions, where, for example, the former have a focus on information in the form of 
documents and maps while the latter have a focus on time-based operational data. 

These decision levels can be illustrated in a pyramid (Farrelly and Records, 2007) that 
highlights the fact that shorter-term decisions are dependent on a much larger base of data 
and involve a lot more people. 
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The labels on the decision levels are arbitrary, and can be misleading regardless of what 
they are called, so some companies just refer to “Level 1/2/3/4 decisions”.  Every level in 
this model includes a planning component, since most of the key decisions in a mining 
operation are made as part of a planning activity.  The base of the pyramid, Level 1 
Manage, represents the day-to-day (down to minute-to-minute) decisions made in the 
operation, and includes both the production and maintenance processes, whereas the short-
term planning activities for these processes would be in the Level 2 Optimise level. 

There are a number of business reference models used in mining that use a hierarchy of 
functions similar to this decision pyramid.  They form the basis of the enterprise 
architecture models for which applications and thence infrastructure can be mapped out.  
The lack of a common reference model for the mining industry has been highlighted as a 
deficiency that will hold back the industry in terms of the ability of suppliers and mining 
companies to collaborate around systems that will eventually need to inter-operate 
(Miklovic and Robertson, 2010). 

Increasingly, mining companies are collaborating closely with partner organisations to 
create and operate this new business environment.  The mining companies and their 
partners will evolve appropriate technologies, business processes and organisational 
structures to allow them to operate as extended virtual enterprises at a higher level of 
technology and collaborative process maturity.   

The transition to the new way of working will be made by progressive mining companies 
partnering with equally progressive partners, who will transcend the traditional client-
supplier relationship to create new enterprises that simply out-compete their competition 
with increased agility, higher productivity, lower operating costs, reduced environmental 
impacts and improved safety. 
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