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Technology and Innovation 
Driving Mining Forward

Context & Overview

1. The prevailing mining model is breaking down and operating financially 
sustainable operation is more difficult than ever.

2. What  is the problem?

3. What does the pathway forward look like?

4. New design  rules for the mining industry.

5. In practical terms where should we start?

6. Who can we learn from to speed up the improvement? Case studies.

7. Roadmap moving forward.
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… and now it’s time to turn to the strategic application of technology.

‐ 50%

Big miners write off $US200 billion over five years
PwC head of mining, Chris Dodd, said the miners appeared to have "written off" a large chunk of the value of 
the boom by writing down $US53 billion worth of assets last year after buying mines at the top of the cycle.

07:59 EDT Monday, September 12, 2016 

TORONTO, ONTARIO and SAN JOSE, CALIFORNIA‐‐

(Marketwired ‐ Sept. 12, 2016) ‐ Barrick Gold 

Corporation (NYSE:ABX)(TSX:ABX) (Barrick or the 
"company") and Cisco today announced they will 
partner for the digital reinvention of Barrick's 
business, bringing together cutting-edge technology 
and expertise to unleash the full potential of mining

There's a warning in that for Barrick, 
which arguably has the world's 
best large gold mines …. let other 
players shoulder the risk of 
developing new technologies.

Right now, Barrick has a prized 
geological endowment few can hope 
to match. Extending that resource 
base further would be a much better 
use of capital than innovating to level 
the playing field.

• Technology is 
strategic.

• You can’t buy 
transformation.

• Deposits are not 
the 
differentiator.

• Low risk mining 
locations.
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What does it mean to focus on VALUE?
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Traditional Mining Design
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Evolution of Underground Mining
We are trying to automate by extending the thinking from mechanisation …

… rather than focus on controlling the environment and thinking from the 
future. 

Time

Manual Era

• Labour intensive and 
handheld tools and 
low productivity … 
more people is 
better. People used 
tools.
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Mechanized Era

• Machine energy 
displacing human energy 
and on scale … bigger is 
better. 

• People serve the 
machine.

• Move to bulk mining 
methods

Automation Era

1970 2012

•Separation of people 
and machines. People 
serve the system.
•Behaviour dominant.
•Bigger is better is 
running out of steam.
•Automating off a 
mechanisation platform 
requires robotics …  
technology is not ready.

Digital Era

•Thinking dominant
•Decision speed
•Access to people
•Collaboration
•Innovation

With the separation of  
people from 
machines the 
behavioural framing 
is no longer relevant

People organising Managing maintenance Managing logistics Managing decisions
Margin 
generation

Future

Three aspects of work
1. Decision making
2. Physical work
3. Technology

4

What has the mining industry been trying?

Manufacturing controls the work environment such that automation is possible...

… and the mining industry must think the same way in order to automate 
and drive a step change in productivity and mining intensity.

Source: MDM  Mining Consulting
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Technology – Mission
1. Technology drives the development of 

mine design, methods, processes, 
plants, and is a corporate resource for 
Boliden mines and plants.

2. Technology contributes to drive 
productivity and optimization utilization 
of mineral reserves by determinedly 
pursue R&D.

3. Technology is an important link to 
making Boliden an attractive employer 
for engineers and managers.

Boliden have always viewed technology as being strategic ….

… where senior executives have a significant leadership role in 
generating value.
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Taking the Lid of the mine

10x faster at 
1/10th of the 

cost
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Create a 
“Paradigm Shift”
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Reducing process variation is not cost cutting

%
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Technology Roadmap
ParametricParametric

DesignsDesigns

Parametric

Designs

Agile Value Chain

Continuous Automated Operations

Small

Data

Real‐time Digital Mine

Increase flow Synchronize & 
Integrate

Optimize 

Innovation Technology Collaboration

Strategic Alliances

Decision 
speed

Predictive

Enabling Technology
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Early concept drawings
Micro Mobile Miner Micro Mobile Miner – Top View Width 1.8m 

Micro Mobile Miner – Top View Head Swings 30 degMicro Mobile Miner – Cutter Head Drive

Mini Slot Borer (NB: Picture showing large slot borer)  Mini Slot Borer – View From Opposite Side

Slot Borer ApplicationSlot Borer Application

Early concept drawings



MDEC - 2016

S1P1 - 9

Think big‐test small‐scale fast
The key to successful innovation is testing small and thinking end‐to‐end ….

… and these machines are big – expensive and point solutions!
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This Lays the Foundation for Intelligent Mining

The transformation to continuous Hardrock mining has started in 
South Africa ….

… and it won’t stop there!
Source: AngloGold Ashanti

Continuous Mucking System

Eliminate oversize
In the draw point

Muck continuously

Transport continuously

Hoist continuously

1&5

2 & 5

2&5

3 &5

4 & 5
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New Modular Mining

Geological Modeling
• Real‐time blast hole 

information – DGI
• Differentiate ‐

ore/waste in field in 
real‐time to drive Zero 
waste to the mill

Mine Design
• Rapid flexible 

designs to deliver 
Zero Waste

Operation Modeling and 
Simulation
• Prove before execution
• End‐to‐End Integration

Modular Mining
• Flexible for complex orebodies
• Start small and scale up – new economics
• Enables a transportation ore sorting 

design

Modular Processing
• Zero waste = modular mill
• Scalables up and down
• Low Capex – Opex & risk
• Full automated = low Opex
• Reusable and portable

Ore Transportation
• Transportation 

design sorts ore 
and delivers zero 
waste to the mill

Automated & Modularized – Real-time & Integrated  - Scalable & Flexible

Modular 
Mining System

Strategic Application of Technology

How to get to 1st Quartile without Big – Low cost – Long life Orebodies?

Develop technology to focus on value not just unit cost. 

Leapfrog down

Cumulative Volume (Mt)
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Seeing what others can’t see …

… is a huge strategic advantage.

What can the future look like?


