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Survey Background and Overview

= Purpose: to explore the drivers and barriers to technology
adoption in the Canadian mining industry

= Literature Gap

= Survey launched at PDAC in June 2022, still open

= CIM and MineConnect September Newsletters

= British Columbia, Alberta, Saskatchewan, Manitoba,
Ontario, Quebec, Prince Edward Island, Newfoundland
and Labrador, Nova Scotia, New Brunswick, the Yukon

» Excluded: Nunavut and the Northwest Territories
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Type of Organization

Organization type Percent respondents

Mining company 38.2%

Mining supply and services company 26.5%

Non-profit mining industry 14.7%
organization

Technology company 12.1%
Other (please describe) 9.1%

UNIVERSITY OF FACULTY OF
% WATERLOO | environment



—

Geographic Overview of Respondents

Ontario |1 351
British Columbia |IEEE - 5.~
Quebec NG 229
Newfoundland and Labrador |GGG 1.1
Manitoba I 1 4 - 3
Saskatchewan | 1./
Yukon NG 0.6
Alberta HIININEGEGEGE 3.6
Prince Edward Island N 4
NovaScotia 1N 4
New Brunswick [l 4
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Technologies Adopted in the Last 5 Years

Battery electric vehicles  |INEE—S e 5. 5
Autonomous technology | IS, 1 5
Sensors on technology | I 6.4
Mapping I - . 3
Connectivity, 5G, LTE I - . 3
Drones I 243
Al I, 15.2
Autonomous operations | INIGINGTNGNGNGNGGEGNGGGG o
New ventilation [ IIINIINGEGEEEEEE .1
Other NG 0.1
RFID wearables |GGG o .1
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How Technologies are Acquired

Co-developed in house with external partners
Developed in-house

Unsure

Other (please specify) - 2.9
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Where Technologies are Acquired

Provincially - 6.1
Locally - 3
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Industry-Specific Drivers in the Decision to Adopt Technology

Productivity and efficiency | EEE—R . 72
Deeper and more difficult to access mineral deposits ||| KGN
Health and safety hazards | S R, - .7
Bt =000 PEE
Environmental concerns ||| GGG 11
Other (please specify) || EKGTcGcN R .7
ESGand CSR |G 1.2

Compliance with government regulations ||| GzNG 1.4

Depleting access to resources [ 1.1
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The Rate of Technology Adoption

A\

Approximately 82.4% of respondents
state that technology adoption has

increased in the mining industry

over the last five years
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DRIVERS AND BARRIERS - TOE FRAMEWORK
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TOE Framework

Environmental
Factors

Technology

Organizational

Factors Factors

Technology
Adoption
Decisions
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Technology-Related Drivers

Proven track record of technology | IS 5.4
Reliability/durability of technology | I ;2.9
Ease of use I / O
Compatibility with existing systems [ R 53
Ability to test a technology before adoption I -

In-house employee technological skills/expertise I oo o

In-house employee knowledge of the technology IIIIIIININGTGTGNNNNENGNGNGNGEGEGNENENENENGNNN 0
In-house management technological skills /expertise | I INNIIINGEGEGEGNE 1.4

Other (please specify) I S.6

In-house management knowledge of the technology I S.6

0 10 20 30 40 50 60
% of Respondents

Note: Respondents could select more than one response
7] (UNIVERSITY OF FACULTY OF

@ WAT E R Loo ENVIRONMENT



—

Technology-Related Barriers

Cost of the technology I /(3.6
Difficulty integrating new technology I /| 5.7
Increased implementation costs I 3.3
Lack of employee technological skills/expertise I 1.4
Lack of technology-related service/maintenance support locally/regionally I - S .6
Lack of technology testing I O .~
Other (please specify) I 17 -1
Issues with network connectivity I 1.3
Lack of in-house management technological skills /expertise I S ¢
Technology not suitable to solve existing challenges I S.6
Lack of management knowledge of the technology I 5.7
Lack of employee knowledge of the technology I 5.7
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Organization-Related Drivers

Leadership that promotes innovation (e.g. corporate and management) | IIIININININIGGEGEGEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 62,9
Corporate culture that emphasizes creativity and learning | NI 48.6
Open communication and knowledge sharing within a mining company [ IS /.3
Access to internal capital (e.g. slack resources) HIIIININGEGIIIIEEEEEE 3.3
KPT's that recognize performance improvements to the entire production system | IIIIIINININGNGGGNGNGNGNNN 314
Employee willingness to learn and use new technologies [ IIIIINGEGEGEGE - .9
Providing employees with greater autonomy to adopt solutions to solve problems | EREEEE 1.1
Assigning decision-making responsibilities to employees | INIINIINIE 14.3
Providing employee rewards and recognition for innovation | NG 11.4
Unsure [l 2.9
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Organization-Related Barriers

High risk related to the adoption of unproventechnology |GGG 68.6
Inability to see immediate results from technologies | IIININGNGEGEGEGEENEEEEEEEE .
Limited internal capital (e.g. slack resources) [ HIININININGBGEGEN S .6
Strong hierarchical decision-making structures within mining companies | IIINNINIEEN - .9
KPIs focused on productivity and efficiency versus creativity and learning | R ERRERERE@SMEGEGEEGE - - .9
Fragmented access to information within mining companies | NG -0
Limited employee involvement in decision-making | RN 14-3
Limited communication between mine site employees and corporate office(s) IINIGTNGNGNE 14.3
Employee/union concerns over job losses, changes to type of work | NN 11.4
Low emphasis on employee creativity and learning | 5.7
Limited trust between management and employees [l 2.9

o 10 20 30 40 50 60 70 8o
% of Respondents

Note: Respondents could select more than one response E/@ UNIVERSITY OF FACULTY OF

@ WAT E R Loo ENVIRONMENT



—

Environmental Drivers

Knowledge sharing and creation with mining companies and external stakeholders I 5.3
Competitive pressures I 1.4
Trusting relationships between mining companies and MSS companies I 3.1
Compliance with provincial or federal government regulations I 3.3
Existing local and/or regional labour force technological skills/expertise I 2o .0
Trusting relationships and collaboration between mining companies and... I 0
Provincial and/or federal government funding and support I 0

Trusting relationships and collaboration between test centres and mining... I 17.1

Other (please specify) I 8.6
Unsure M 5.7
Geographic proximity between mines and researchers/research institutions [l 2.9

Geographic proximity between mine sites and R&D testing facilities Il 2.9
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Environmental Barriers

High capital intensity I 514
Short-term focus on return on investment to satisfy shareholders I (5.7
Limited engagement with external stakeholders in co-creating solutions N 3.3
Lack of provincial and/or federal government funding/support I 00 .9
Cyclical nature of the mining sector NN 0.0
Provincial and/or federal government regulations NN 0
Uncertainty about the deposits underground I 1.3
Geographic distance between mining head office(s) and mine sites I 8.6
Other N 5.7

Unsure M 2.8
Industry health and safety standards N 2.8
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Next Steps

= Close the survey at the end of November 2022

= Further analysis on the data
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Thank you

= Remote Controlled Research Team

= Funding
= Ontario Graduate Scholarship (OGS) Program
= President’s Graduate Scholarship (PGS), University of Waterloo

= Social Sciences and Humanities Research Council (SSHRC)
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Questions?

Mackenzie Crabbe
mcrabbe@uwaterloo.ca



