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Underground Diesel Emissions

Mission Statement: The Mining Diesel Emissions Council (MDEC) is 
committed to providing a global forum for the dissemination of the latest 

scientific and technologically advanced research to reduce and control 
diesel emissions in the mining workplace environment.
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1. Mines are getting deeper and productivity continues to decline

2. We need to find a way to improve productivity

3. Where can we look for inspiration – Manufacturing O&G?

1. What about mechanization – automation and autonomous and the Smart Factory?

4. Where is underground mining heading with automation?

1. What about soft rock?

5. Are we making any progress?

6. What about Digital?

1. Case studies

2. Roadmap

3. Where to start

7. What is the Agile Ecosystem?

…and how to improve productivity

Underground hard rock mining…
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A look into Glencore’s “Mine of the Future”
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Deeper mines are logistically complex with long travel times to the work place... 

…underpinning declining productivity.
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—PETER XAVIER, VICE PRESIDENT OF GLENCORE’S SUDBURY 
INTEGRATE NICKEL OPERATIONS
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1.0
MINE AUTOMATION
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How can the mining industry 
leverage this thinking?

Industry 4.0 refers to a new phase in the Industrial Revolution that focuses heavily on interconnectivity, automation, 
machine learning, and real-time data. Industry 4.0 encompasses IIoT and smart manufacturing, coupled with smart 
digital technology, machine learning, and big data to create a more holistic and better-connected ecosystem.
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Mechanization vs Automation

Refers to the replacement of human power with 
mechanical power of some form.

Can also be defined as the process of following 
a predetermined sequence of operations with 

little or no human intervention. The equipment 
performs and controls the manufacturing 

process.
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The mining industry needs automation
Worldwide mining operations have 
reached an inflexion point and are 
28% less productive today than 
they were a decade ago. McKinsey 2020

Automation technologies can 
dramatically improve the 
performance of the industry.
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More work from surface

We have been successful in automating our fixed plant.

“Doing 
more work from surface”
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Tele-remote mining operations

12 12

Underground Development Mining Process

(removing 
people from the process operations) 
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Turning machines into robots
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Turning machines into robots
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What can hard rock mining learn from soft 
rock?
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Osisko – Cariboo Mine (MT720 Roadheader)

• The roadheader was assembled in February 2021.

• It has cut over 100 m of drift (5.8 m wide x 5.3 m 
of height) with up to 7 m of advancement 
achieved during a 12-hour shift including rock 
support, services installation and mucking.

• The company states: “This equipment is 
engineered to mechanically cut the hard and 
abrasive rock mass and is expected to improve 
the development performance by 25%, and to 
reduce costs by 50% compared to traditional ‘drill 
and blast’ development.” Osisko

Roadheader operating on Cow Mountain



MDEC  2021

Key-note-MDEC 2021-MacFarlane- 10

19 19

Komatsu MC51 – Garson Mine

20 20

Komatsu MC51 – Hillgrove’s Kanmantoo Mine
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Epiroc and Sandvik – latest prototypes 

22 22

• OSLO (Reuters) Some 160 kilometres (99 
miles) from land, Equinor's EQNR.OL 
Valemon oil and gas field became the first in 
Norway to be operated entirely onshore in 
2017.

• Aker BP AKERBP. OL took a step further last 
year when its Ivar Aasen field became the first 
manned offshore platform to be managed 
remotely. 
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2.0
DIGITAL 

TRANSFORMATION TO 
DRIVE PRODUCTIVITY 

24 24

Digital Transformation 
A roadmap for digital transformation… 

1. Digitization
• Move from paper base to 

digital – Straight forward

2. Digitalization
• Digital data flows based on a 

system – Hard

3. Digital transformation
• Digital now transforms the 

operation at a strategic level 
(i.e. breaks the Bigger is Better 
paradigm) – Really hard

…to unlock sustainable value over the long run.
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Priority is to move from paper to DIGITAL
In many cases, it is still a paper based system.

26 26

Kidd Creek – Transition is just starting
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Boliden is focused on productivity

28 28

Boliden has developed a road map
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Sitting on a gold mine of future technology
In an industry that, globally, is struggling to adapt to digitization, Boliden stands out as having 
undergone a digital transformation and having positioned itself in the vanguard of automation. 

-Skelleftea
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Some are beginning at the enterprise level
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Integrated Business Systems
A new system bridges the gap between Engineering Planning and execution by providing structure and 
focus for Operational Planning…

… for the purpose of making a step change in Operational Excellence resulting in industry leading productivity.

Feedback Loop

Strategic 
Direction

Exploration

Portfolio Optimization

Technology

Company

Strategy

Exploration Program

Portfolio Management

Mining

Milling

Refining

HSEC

Innovation Program

Business 
Planning

Resource Optimization

LOM

Integrated Planning

Annual Plan

AP Update

Survey

Geotech

Reporting

MVP’s

Digital Work 
Management

7-21 Schedule

In-Shift Performance

Execution

Business 
Intelligence

Asset Performance

Continuous 
Improvement

Accounting Plan v. 
Actual

Reporting

Importance
• This will digitize the last major piece of the 

Integrated Planning and Execution process 
and lay the foundation for the next step in 
the digital transformation. Complete the 
move from paper based.

Objective
• Install a better mine execution process to 

consistently realize the value of continued 
optimised mine plans. Higher 
productivity.

Focus
• Complete the digitization of Integrated 

Planning and Execution processes. Feedback Loop
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Digital Work Management
Is a system that provides structure and focus for Operational Planning…

… for the purpose of making a step change in Operational Excellence resulting in industry leading productivity.

Purpose: To achieve industry leading productivity. 

What is it: DWM is an Operational Planning process 
that
• 7-21 Schedule – Systematically identifies and 

plans key tasks. Tasks are specified to a level of 
detailed such that they can be reliably completed 
on time.

• In-shift Performance – is a system to track and 
monitor tasks in real-time to highlight variances 
and provide the opportunity for the supervisor 
to make an in-shift course correction as required.

• Introduces new digital tools 

Key objectives: higher productivity at OD by 
reducing variability while maintaining reliable 
production (using digital tools) 

Key focus: Compliance to the integrated Mine Plan.

In-Shift 
Performance

Operational Planning (7-21 Schedule)

Task ID
Work 

Approval
Task 

Planning
Work 

Integration
Task 

Scheduling
Task 

Execution

DWM Management Metrics

Leading Indicators

Bottleneck 
review

Critical 
Inventory 

Levels

Process 
Variation

Process 
Capability

Task Status 
Report

Lagging Indicators

Tons Grade
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Pathway to Digital
New digital tools create a transparent environment.. 

…that engages people and results in Execution Excellence.

Connectivity

Everyone/everything is 

connected 

People to people & assets

Data Flows 

Electronically 

Eliminate paper – require 

complete, accurate, timely 

data

Digitize the work 

identification and capture 

process with mobile devices

Visibility

See work progress in real-

time through voice, data, 

video

Mobility

Being able be anywhere all 

the time

Collaboration Tools

Unlocking discretionary effort

Applications with simple 

intuitive user interfaces

Limited customization
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Our biggest challenges

36 36

3.0
AGILE ECOSYSTEM
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The old R&D model is dead
Agile ecosystem – what is it and how does it work?

Why?
We still need innovation and the old R&D model is dead. 

How?
Redefining the employee in order to build a more 
productive team.

What? 
Agile on common problems to solve. 
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Bridges to build new ecosystems
What have we learned along the way?

Text here

What have we 
learned along the 
way
1. Focus on existing 

technology – combine 
technologies and build 
on them. Think adopt

2. Find real common pain 
points.

3. Demonstrate all the 
time: it is faster and 
cheaper.

4. Just start and build out
5. Be flexible with the 

“rules”.
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Building an ecosystem to support execution
Collaboration as a core principle for SDD technology development…

Glencore’s Safe Deep Develop Program

…to  continue to improve safety and drive productivity.

1. Big picture – Do more work from 
surface

2. Purpose – All work to be completed 4m 
back from the face

3. Develop new technology development 
model

4. Encourage as many prototypes as 
possible

5. Collaboration is a core principle

Glencore

Safe Deep Development Technology 
Emerging at Glencore
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Setting the direction is messy

This 
way

42

To consider when developing a 
productivity road map
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