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Glossary
(Adapted from Wikipedia and the Gartner IT Glossary)

Analytics: the discovery, interpretation, and communication of meaningful patterns in
data

Automation: the use of computer-controlled systems to operate equipment with
minimal or reduced human intervention

Automation Anxiety: fear about the impacts of automation on peoples’ work and daily
life, including fear about the safety of automation technology and its capacity to replace
human labour and expertise

Big Data: large and/or complex data sets that cannot be processed using traditional data
processing software

Artificial Intelligence (Al): intelligence exhibited by machines to mimic the cognitive
functions that humans associate with other human minds, such as learning and
problem-solving

Autonomous Vehicles: a vehicle that can drive itself using various digital technologies
for route planning, navigation, environmental sensing, and obstacle avoidance

DARPA: Defense Advanced Projects Research Agency in the United States
Digital Technology: computerized devices, systems, and processes
Digitalization: ongoing adoption of digital technologies across society

Disruptive Technology: technology typically produced by outsiders and entrepreneurs
rather than market-leading companies that creates a new market and value network
and eventually disrupts an existing market and value network, displacing established
market leading firms, products, and alliances

E&P: exploration and production within the oil and gas industry

Geomatic Survey: using instrumentation to gather geographic or spatially referenced
information

Gross Domestic Product (GDP): the total value of all goods and services produced
within a country or a region, which gives an indication of the size of an economy

Human-computer Interaction: the interface between people (users) and computers
Human-robot Interaction: the interface between people (users) and robots
Industry 4.0: the current trend of automation and digitalization across industries

Innovation: the application of better solutions to meet new requirements, unarticulated
needs, or existing market needs through more-effective products, processes, services,
technologies, or business models

Intelligent Systems: a physical system that incorporates artificial intelligence into its
function



Internet of Things (loT): the network of physical devices, vehicles, and other items
embedded with electronics, software, sensors, and actuators that enable these objects
to collect and exchange data

LHD: Load-Haul-Dump mining vehicle that is similar to a front-end loader
Metocean: the combination of wind, wave, and climate conditions

Mobile Computing: human—computer interaction using a computer transported during
normal usage

NSERC: Natural Sciences and Engineering Research Council which funds academic
research in Canada

Peak Oil Demand: corresponds to the time when the global demand for oil reaches its
maximum level, after which demand decreases

Production: the process of extracting minerals and oil and gas resources
R&D: Research and Development

Remotely Operated Vehicle (ROV): a tethered underwater mobile device that is
unoccupied, highly maneuverable, and operated by a crew aboard a vessel

Robots: computer-programmable machines that can take the place, partially or fully, of
humans to carry out a complex series of actions automatically

Seismic Survey: generating sound waves and measuring their reflections from within
the surface of the earth in order to build up an image of the subsurface

Small and Medium-sized Enterprise (SME): in Canada a small or medium-sized
enterprise is a business that has less than 500 employees, with 98% of SMEs having
fewer than 100 employees

Supply Chain: system of organizations, people, activities, information, and resources
involved in moving a product or service from supplier to customer

Tele-operation: operation of a system or machine, typically a robot, at a distance

Transportation-as-a-Service (TaaS): describes a shift away from personally owned
modes of transportation and towards mobility solutions that are consumed as a service -
also known as Mobility-as-a-Service (MaaS$)

Upstream Oil and Gas Industry: companies that search for potential underground or
underwater crude oil and natural gas fields, drill exploratory wells, and subsequently
drill and operate the wells that recover and bring the crude oil or raw natural gas to the
surface

Value Chain: set of activities that a firm operating in a specific industry performs in
order to deliver a valuable product or service for the market

Wearable Technology: digital technology worn by a human in order to carry out a
particular function, such as to collect data or provide sensory augmentation



Executive Summary

Industries based on extractive resources, primarily minerals and oil and gas resources,
are important to the Canadian economy in terms of their contributions to employment,
gross domestic product (GDP), capital expenditure, construction-related investment,
revenues to governments, export value, and investment in Canadian companies.
Extractives industries are truly pan-Canadian and important from both a national
perspective and a regional perspective, especially for resource regions. The companies
are multinational in scope, with global workforces, supply chains, and consumers of

their commodities.

As more accessible resources are fully exploited, there are technical and scientific
challenges to be overcome to dig deeper or extract lower grade minerals and to drill in
more remote or challenging areas to produce oil and gas. There are also challenges
arising from the complexity of the underlying economics of extractive industries, which
are exacerbated by protracted commodity price variability, interspersed with occasional
and surprising price shocks. These difficult economics are further compounded by the
increasing challenges resulting from satisfying the perceived and real entitlements of
various stakeholders. There is a requirement to achieve and maintain win-win-win
relationships among communities, governments, and industry stakeholders, all of which
are ‘invested’ in resource development projects and have increased expectations with

respect to returns.

Extractive industries, like many other sectors of the economy, will be significantly
impacted by disruptive digital technologies, variously referred to as digitalization,
Industry 4.0, and the Fourth Industrial Revolution. These technologies include advanced
robotics, big data and analytics, artificial intelligence, mobile computing, wearable
technology, internet of things (IoT), and autonomous and near-autonomous vehicles.
While there is widespread belief that digitalization will transform extractive industries,

the timelines and consequences for such a transformation are less clear.



Looking forward, extractive industries operating in Canada must address challenges by
developing, adopting, integrating, and applying recent and emerging digital
technologies. It is only through innovation that the challenges experienced by extractive
industries in recent years, and which are expected to persist or worsen into the future,
can be addressed successfully. In addition to helping to address challenges, an embrace

of digital technology could lead to new and currently unknown opportunities.

For both mining and oil and gas companies, the future could include heavily digitalized
assets (i.e., oil rigs, mining equipment), capable of high levels of autonomy and inter-
asset cooperation, operating within challenging natural environments (e.g., a deep or
remote mine or far offshore oil field) monitored using advanced embedded and remote
intelligent sensor technology. These digitalized assets and intelligent sensor
technologies could be connected via innovative communication systems to digital
enterprises (i.e., mission control centres and other remote centres of excellence), where
experts would monitor production operations remotely, interact via technology with a
limited number of field workers at production sites, and perform computational analysis
on data collected from remote operations to optimize production, equipment
maintenance, and asset utilization, while simultaneously ensuring regulatory
compliance. The digital enterprise could be part of a digital world in which technology
would be deployed to improve supply chain management and resource management, to
balance supply and demand for product, to manage contracting among project partners,

and to help secure and maintain public confidence.

Globally, digital technology will transform extractive industries. For Canada, this
provides an opportunity to lead in developing and commercializing the enabling
technologies, in integrating these technologies into global operations, and in
considering the broader socio-economic and regulatory consequences of digitalization

of these extractive industries.



Digitalization of extractive industries in Canada will pose opportunities and challenges
for a diverse range of stakeholders. In addition to the operating and supply and service
companies, individuals and communities will be affected by digitalization, as will
governments and institutions (e.g., education systems, regional development
organizations, unions, and regulators). Successfully addressing the opportunities and
challenges will require early and effective engagement of all stakeholders that is
informed by realistic digitalization scenarios, timeframes for their implementation, and

assessment of the broader issues and impacts.



(1.0) Brief Introduction to Digitalization

Disruptive digital technologies, including advanced robotics, artificial intelligence,
mobile computing, internet of things (IoT), and autonomous and near-autonomous
vehicles, were assessed to be among the top 12 emerging technologies that are
expected to transform peoples’ lives and the nature of work (Manyika, Chui, Bughin,
Dobbs, Bisson, & Marrs, 2013). Variously referred to as digitalization, Industry 4.0, and
the Fourth Industrial Revolution, such technologies will likely be ubiquitous, with

applications across industrial and consumer markets (BDC, 2017).

As digitalization is advanced and applied across industries, the development of these
digital technologies will, by necessity, include diverse players, many of which have not
traditionally been part of the supply chain for large industry. The competitive advantage
of firms “might erode or be enhanced a decade from now by emerging technologies—
how technologies might bring them new customers or force them to defend their
existing bases or inspire them to invent new strategies” (Manyika, Chui, Bughin, Dobbs,
Bisson, & Marrs, 2013). This is true for Canada’s natural resource industries, in

particular “extractive’ industries based on mineral and oil and gas resources.

(2.0) Canada’s Extractive Industries and Digitalization

Canada’s natural resource industries are important to the Canadian economy in terms of
their contributions to employment, gross domestic product (GDP), capital expenditure,
construction-related investment, revenues to governments, export value, and
investment in Canadian companies (NRCan, 2017a). Furthermore, they help Canada
contribute toward meeting the projected global demand for energy. On an annual

basis, the economic impacts of natural resource industries include approximately 1.75
million direct and indirect jobs (~¥11% of national employment), 16% of GDP, 38% of

non-residential capital investment, $25 billion in government revenues, $201 billion in



export value, and $582 billion in publicly traded company value. The majority of these

contributions are associated with development of mineral and oil and gas resources.

According to Statistics Canada, “mining, quarrying, and oil and gas extraction” are
among the top contributors to Canada’s GDP, with a combined annual contribution of
approximately $150 billion and almost 25% growth in the 12 months prior to May 2017
(Statistics Canada, 2017a). In 2016, there were approximately 260,000 people directly
employed in these extractive industries (Statistics Canada, 2017b). There is mineral
production in all provinces and territories of Canada, with Ontario, Quebec, and British
Columbia leading in terms of production value, followed by Saskatchewan, Alberta, and
Newfoundland and Labrador (NRCan, 2017b). There is oil and gas production in seven
Canadian provinces, including Newfoundland and Labrador, Nova Scotia, New
Brunswick, Manitoba, Saskatchewan, Alberta, and British Columbia, with prospects for
resources in Northern Canada, Quebec, and Prince Edward Island (CAPP, 2017a). These
industries are truly pan-Canadian and important from both a national perspective and a
regional perspective, especially for resource regions. The companies, however, are
multinational in scope, with global workforces, supply chains, and consumers of their

commodities.

While it is important to recognize the significance of extractive industries to all regions
of Canada, it is equally important to appreciate that the future of these industries
entails considerable uncertainty. As more accessible resources are fully exploited, there
are technical and scientific challenges to be overcome to dig deeper or extract lower
grade minerals and to drill in more remote or challenging areas to produce oil and gas.
There are also challenges arising from the complexity of the underlying economics of
extractive industries, which are exacerbated by protracted commodity price variability,
interspersed with occasional and surprising price shocks. These difficult economics are
further compounded by the increasing challenges resulting from satisfying the perceived

and real entitlements of various stakeholders. There is a requirement to achieve and



maintain win-win-win relationships among communities, governments, and industry
stakeholders, all of which are “invested’ in resource development projects and have

increased expectations with respect to returns.

In general, mining and oil and gas companies have adopted a conservative approach to
investing in research and development (R&D) in Canada compared with other industrial
sectors (Researchinfosource, 2017a). By way of illustration, with the exception of
Canadian Natural Resources Limited, there were no oil and gas or mining companies in
the top 15 corporate R&D spenders in Canada in 2016. In addition, for all oil and gas
and mining companies, the R&D expenditures as a percentage of total revenues were
among the lowest of any industries. In many cases, their R&D expenditures were lower
by a factor of 10 or more. It is important to appreciate that weak R&D investment by
extractive industries in Canada predates the current depression in commaodity prices. In
fact, the position of extractive industries among Canada’s corporate R&D spenders

remains similar to their position in 2010 (Researchinfosource, 2010).

There is also considerable discussion about the appetite for mining and oil and gas
companies to adopt new technologies. Canada’s mining industry was once thought to be
a world leader in terms of embracing new technology. For instance, a 2001 report
prepared for the Mining Association of Canada noted “the Canadian mining industry has
undergone a profound transformation to a high-tech industry and is now one of the
world’s most dynamic and technologically advanced. With its strong links to other high
technology industries both as a user of their technologies and as a supplier of inputs, it
is a driving force in Canada’s new knowledge-based economy” (Global Economics,
2001). Fast forward to 2017 when Barrick’s Chief Innovation Officer, reflecting on the
role of digital technology in the mining industry, stated “the mining industry is the least
digitized industry in the world. It is also an industry that has been slow to adopt change
and innovation” (Barrick, 2017). A recent review of the start-of-the-art of robotic

mining technology also noted that “the resource industry has a conservative history and

10



the implementation of new technologies and processes must often overcome significant
resistance to change” (Marshall, Bonchis, Nebot, & Scheding, 2016). This resistance is

thought to result from “skepticism about technology and fear of losing one’s job”.

Some analysts believe the slow pace of technology adoption is not due to a lack of
receptivity to new technology, since there are examples of “digital mining’ dating back
to the 1950s. Rather, practical issues challenge mining companies, including the
perception of a high cost of implementation, poorly-defined business cases, and a lack
of digital education and understanding (EY, 2017a). Others, however, feel the mining
industry is simply content to utilize the same technology and processes that are
standard across the sector (Koven, 2014). Preliminary work to compare the adoption of
digital technology in Canada’s agriculture and potash/uranium mining industries
suggested agriculture follows standard adoption theory when it comes to digital
technology, while that is not the case for the potash/uranium mining (Phillips & Wixted,

2017).

As discussed by Steen et al, the nature of innovation in the mining sector may be
“different from other industries” and would not be “well captured by traditional
innovation measures such as R&D expenditure and patents” (Steen, Macaulay, Kunz, &
Jackson, 2017). Innovation tends to occur in the supply chains, and understanding the
relationships between mining companies and the supply chains is important for

understanding how innovation occurs in the mining sector.

Concerns have also been expressed with respect to the adoption of new technologies by
the oil and gas industry. In particular, it was suggested the “speed of adoption lags
behind other industries that are subject to the same rash of safety, legal, commercial
and financial pressures faced by energy companies” (LR, 2015a). Others, however, see

the current low-price oil environment as providing the impetus for oil and gas
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companies that have been slow to adopt the latest innovations to embrace innovative

technology-based solutions (Constas, 2017).

There are heightened expectations related to the health, safety, and environment (HSE)
performance of extractive industries and to the achievement of shared-values among
extractive industries and the communities and regions where these resources are
exploited. By their nature, extractive industries modify the environment in which they
operate, often impacting the environment negatively. With growing political and public
awareness about anthropogenic climate change and the need, from countries to
individuals, to counter the effects of climate change, extractive industries are challenged

to minimize the negative environmental impacts from their operations.

Increased concern about risks to public health and worker safety from the processes
used by extractive industries have further raised the stakes for mining and oil and gas
companies. Addressing public concern about the impacts on the environment, public
health, and worker safety will be a prerequisite for securing the public confidence
required to initiate future resource development projects, to increase productivity and
the efficiency of existing operations, and to be competitive and well-positioned to
export Canadian commodities into volatile world markets. Moreover, this cannot be
achieved by a "business-as-usual’ approach. For example, cost-cutting as a tactic for
achieving productivity improvement is thought to have reached a point of diminishing
returns for the oil and gas industry (Farah, 2016). As proposed by E&Y, “the present
low oil price is disruptive by nature and calls for more than just rapid reduction of cost

through downsizing or budget cuts across the organization” (EY, 2015b).

Extractive industries operating in Canada must “disrupt’ the way they do business. This
could include the development, integration, and creative wide-spread application of
recent and emerging disruptive technology, particularly digital technology. It is only

through innovation that the challenges experienced by extractive industries in recent

12



years, and which are expected to persist or worsen into the future, can be addressed

successfully.

In addition to helping address challenges, an embrace of digital technology could lead to
new and currently unknown opportunities. A digital transformation could give rise to
potential benefits of capitalizing on new revenue opportunities, lowering costs, and
improving efficiency (Geissbauer, Vedso, & Schrauf, 2016). Digital technology may also
help extractive industries meet corporate social responsibility expectations (Roscoe,
2015). For example, digital technology may enable improved traceability of the social
and environmental impacts of global supply chains for extractive industries.
Furthermore, use of digital technology could help increase transparency and improve

communications among diverse stakeholders.

Communities, companies, and governments that have traditionally benefitted (e.g.,
employment, royalties, taxes, revenues, and profits) from Canada’s extractive resources
need to understand how disruptive technologies could affect the future benefits that
may be derived from exploiting these resources. The question about who is benefitting
from resource extraction projects is an emerging issue for resource development, with
concern about decoupling value creation from the site of production. For example, in
the case of employment benefits in mining regions, the introduction of remote
operations centres, depending on their locations, could lead to an urbanization of the
mining workforce, with a reduction in rural employment opportunities (McNab, Onate,
Brereton, Horberry, Lynas, & Franks, 2013). It is also important to understand and
acknowledge that digitalization has the potential to facilitate a greater decoupling of
value creation from the site of production and, as a result, further change the nature

and distribution of benefits.

Canada’s extractive resources are exploited by multinational corporations that require a
Y

competitive advantage to operate in Canada. Any competitive advantage arising from

13



digitalization that may benefit Canada will depend on a number of critical factors,
including a corporate culture that supports innovation; effective and efficient regulation
that can accommodate technological change; access to highly qualified people who can
support a digitalized industry; and innovative win-win-win relationships among
communities, governments, and industry. Technology alone will not provide the

competitive advantage that will keep these industries operating in Canada.

(3.0) Mining Context

Canada’s mining industry “supplies the raw materials needed to produce many of the
consumer goods we rely on in our daily lives, as well as those of the future, from
utensils and hand tools to smartphones and electric cars” (NRCan, 2017b). The Mining
Association of Canada reported the Canadian mining industry provided over 550,000
direct and indirect jobs, contributed $56 billion towards GDP, and accounted for 19% of

the value of goods exported from Canada (MAC, 2016).

Over the past 10 years, China emerged as the single largest consumer of many base
metals (Armbrecht, 2015). These base metals are essential for global industrial
production and construction, with commodity prices serving as an important indicator
of global economic changes (Matsumoto, 2015). The prices for iron ore and base metals,
including copper and nickel, generally declined between 2011-2016, but showed some
modest increases in 2017 (InfoMine, 2017). Concerns about whether there would be
sustained demand for base metals by China, coupled with increases in supplies from
developing countries, are thought to be behind the decline in base metal prices after
2011 (Matsumoto, 2015). Copper, however, rallied at the end of 2016 based on an
increase in imports by China and, following the U.S. election, based on the mistaken
belief that the President-elect’s $500 billion infrastructure plan would significantly
increase demand (Jamasmie, 2017). While prices for precious metals, such as gold, are
subject to different forces than those influencing base metal prices, gold prices have

declined significantly since 2011 (InfoMine, 2017).
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In 2016, Canada’s primary mineral products by production value included gold, copper,
potash, iron ore, coal, and nickel, representing 60% of the total minerals production
value. Commodity prices and production volumes, however, can change rapidly, as
illustrated by significant changes in production values between 2015 and 2016 for
Canada’s primary mineral products. For metal production, iron ore and gold production
values increased by over 30% and almost 9%, respectively. Nickel production value was
down approximately 16%, while copper production value was down by just over 9%.
Metal production volumes were comparable between 2015 and 2016. The production
volume of potash declined by just over 11%, while the production value decreased by
almost 37%. Canada also aspires to be a major producer of rare earth elements that are
increasingly important for manufacturing components and devices, such as wind
turbines, hybrid and electric vehicles, batteries, medical imaging equipment, speciality

glass, lasers, and computers (NRCan, 2016).

In general, mineral prices are based on a complex set of factors, including geopolitics,
speculative investment, and supply and demand, in particular the evolving demands of
emerging economies. As a consequence, prices are prone to shocks and cycles resulting
in long-term uncertainty within the global mining industry. The downturn in mineral
prices between 2011-2016 forced the mining industry to drive down costs to the point
where further cost-cutting would result in diminishing returns (Deloitte, 2017).
Embracing new technologies, many of which would be found beyond the mining

industry, could enable significant productivity gains by mining companies in the future.

As noted by McKinsey, lower grade ores and longer haul distances have contributed to
decreasing productivity levels across worldwide mining operations, with a drop by as
much as 28% over 10 years (Durrant-Whyte, Geraghty, Pujol, & Sellschop, 2015). Other
factors contributing to the decline in productivity include a decrease in labour

productivity due to inexperienced teams, high turnover, an aging workforce, and a focus

15



on volume rather than efficiency; a decrease in capital productivity due to poor
equipment utilization and a lack of innovative technology; and a failure to capitalize on
economies of scale as mines expanded, leading to increased overhead costs and
management inefficiencies (EY, 2017b). In general, there has been little incentive to
invest in innovation initiatives during periods of high commodity prices and little

capacity to do so during times of low prices.

For some minerals, extraction depends on being able to mine efficiently and safely at
great depth. Some of the deepest mines in the world are gold mines in South Africa at
depths of approximately 4 kilometres (World Atlas, 2017). Canada’s deepest mines are
the Kidd Creek copper/zinc mine in Timmins, Ontario at a depth of almost 3 kilometres,
and the Creighton nickel mine in Sudbury, Ontario at a depth of approximately 2.6
kilometres. Deep mining exacerbates the efficiency and safety challenges for
underground mining. In the case of deep mining in Sudbury, at depths below 2.5
kilometres there are challenges from heat and rock stress conditions that can negatively
impact on the safety and stability of the underground environment, requiring increased

ventilation and other infrastructure to support people and equipment (Vella H. , 2017).

The move toward sources of renewable energy raises the prospect for seabed mining to
meet the demand for minerals required to manufacture renewable energy systems. For
example, high efficiency solar panels are manufactured using tellurium (DOE, 2016)
(Shukman, 2017). One tellurium deposit near the Canary Islands is thought to represent
one-twelfth of the world’s supply at concentrations vastly higher than land-based
deposits. The International Seabed Authority, of which Canada is a member state, is
developing a Mining Code to support the regulation of marine minerals prospecting,
exploration, and exploitation in seabed areas outside of national jurisdiction (ISA, 2017).
Development and application of automation technologies feature prominently in a

Norwegian pilot programme on deep sea mining, particularly in relation to mineral
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exploration and extraction (NTNU, 2017). Automation could help minimize the negative

environmental impacts of such industrial activity.

(3.1) Digitalization in Mining

It has been proposed that digitalization would enable a breakthrough in improving
productivity, safety, and environmental performance for the mining industry (Arnoldi,
2017). In its prediction of the top trends for 2017 for the mining industry, Deloitte rated
the digital revolution among the top issues with the potential to transform the industry
(Deloitte, 2017). While the mining industry has adopted advanced mine planning and
modeling software tools to optimize mine designs and production operations, these
tools tend to generate designs that are based on a standard suite of mine designs or

that use existing operating equipment and methods.

For many years, underground miners have been working with tele-operated drilling and
loading machines (Cosbey, Mann, Maennling, Toledano, Geipel, & Brauch, 2016). Early
advances included tele-operated Load-Haul-Dump (LHD) vehicles that utilized line-of-
sight remote operation. The operator stood at a safe distance from the LHD as it was
being loaded under unsupported ground. In this application, the operator used a chest-
mounted console to guide the LHD through the loading process and in backing away
from the ore pile. The operator would then get back on the LHD and manually drive the
vehicle to its unloading point, unload the vehicle, and return to the loading point where
the tele-operated loading process was repeated (Caterpillar, 2017). Marshall et al
provided an overview of modern mining practice and a state-of-the-art review of mining
robotics for both surface and underground mining operations (Marshall, Bonchis, Nebot,

& Scheding, 2016).
In late 1990s and early 2000s, Canadian industry and academia were leaders in R&D

related to tele-operated mining with the support of PRECARN, an industry consortium

designed to translate advanced research in robotics and intelligent systems into
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practical use (The Scientist, 1987). In 1998, Canadian nickel mining company Inco
articulated a vision for automated mining whereby “from any location in the world, a
tele-operator can instruct intelligent, automated mining equipment to execute their
missions. If the equipment encounters an unexpected situation beyond its ability to
manage, it will ask for help. The tele-operator will respond immediately to requests for

help from a wide range of intelligent, automated mining equipment” (Inco, 1998).

With the support of PRECARN, Inco along with technology providers and academic
partners pursued a series of technology development projects to automate various
types of mining vehicles and operations in order to improve productivity (Werniuk,
2001). In 2007, Orica Ltd., in collaboration with the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) from Australia and C-CORE from Canada,
demonstrated tele-operation of an explosive emulsion loader (C-CORE, 2007). Due to
the technology limitations of the time, these projects generally focused on single-point,
rather than system-wide, solutions. Today’s technology can support more radical
innovation, targeting the entire value chain and providing the greatest prospect for
transformation in productivity. PRECARN was also instrumental in supporting industry-
university collaboration related to human-machine interaction for heavy equipment,
leading to the spin-off of Motion Metrics International from the University of British
Columbia in 2000 (ICICS, 2010). Today, Motion Metrics International continues to
develop machine vision and sensor systems directed toward improving “safety,

efficiency, and productivity in mining” (MMI, 2017).

During this period, there were also research chairs at Canadian universities focused on
mining automation, including the NSERC/Noranda Chair in Mining Automation at Ecole
Polytechnique de Montreal and a Canada Research Chair (CRC) in Robotics and Mine

Automation at Laurentian University. Penguin ASI, a technology company based near
Sudbury, Ontario and developing automation technologies, is a spin-off from the work

of the CRC at Laurentian (Mining Global, 2014).
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Other recent advances have been demonstrated for underground mine operations,
including locating miners on the surface, or away from the mine site, and out of danger,
with advanced human-machine interface tools for remote supervision and control of
multiple highly-automated mining robots having auto-pilot and navigation capability.
The current state-of-the-art involves automation of discrete phases of the mining cycle

rather full automation of the mine site (Watkins, 2017).

In September 2016, Barrick and Cisco announced an ambitious partnership to integrate
digital technology across all of its mine operations at Cortez, Nevada (Barrick, 2016).
Mining and construction equipment manufacturer Altas Copco offers tele-operated and
autonomous vehicles, with the primary drivers for automation being safety,
productivity, qualified labor, and production costs (Atlas Copco, 2015). Sandvik, another
manufacturer of automated LHDs, reported a 30% improvement in haulage productivity
through use of their systems (Sandvik, 2017). There have been reports of considerable
advances in the development and application of autonomous trucks for surface mining
applications at BHP Billiton and Rio Tinto mines, and at Suncor oil sands operations

(Simonite, 2016) (Gershgom, 2016) (Topf, 2016).

In the future, many direct production jobs in mining could be carried out from operation
centres distant from production sites. Such operations could be safer because of

reduced exposure of workers to dangerous and inhospitable environments, with

increased productivity, lower environmental impact, reduced energy requirements, and
lower capital and operating costs. For example, while locating equipment operators at a
distance from production sites may decrease productivity by removing some of the cues
(i.e., visual, audible, tactile and olfactory) they have at the rock face, there are efficiency

gains from significantly decreased transit times to the production sites.
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Overall, disruptive technologies, such as the internet of things (loT), big data and
analytics, automated vehicle technology, robotics, advanced imaging and sensing
systems, wearable computing, and other intelligent systems technology, could become
commonplace within the mining industry. Their widespread application would facilitate
greater connectivity and autonomy of assets, with increased amounts of data collected
and processed in real-time to aid in planning, optimization, and execution of operations.
These technologies could help manage and coordinate various manually-operated,
remotely-controlled, semi-automated, and automated vehicles and machinery working

simultaneously at a production site.

While the benefits of emerging digital technologies may be realized by the mining
industry, this would require companies to embrace Industry 4.0, a choice that “could be
the most important strategic decision that companies make” (Yeates, 2017). Currently,

fewer than 10% of mining companies are thought to have developed a digital strategy.

(4.0) Oil and Gas Context

Canada’s oil and gas industry is the fifth largest producer of oil and gas in the world,
with significant resources exported to international markets (NRCan, 2017c). Canada
ranks third in terms of largest crude oil reserves. The contribution of oil and gas to
Canada’s GDP was estimated to be 7.5%, or around $135 billion annually (lvey, 2016).
The Canadian Association of Petroleum Producers (CAPP) estimated the direct and
indirect employment in Canada’s oil and gas industry was approximately 425,000 people
(CAPP, 2017b). Furthermore, every province in Canada benefitted from the direct and
indirect jobs created by the oil and gas industry, with Ontario, a province currently
without oil and gas production, experiencing 12% of the employment impact (CERI,
2017). There is concern the recent loss of talent from the oil and gas industry to other
industries as a result of the downturn in oil prices will make it difficult to attract

qualified employees when the oil and gas industry rebounds. The contributions by oil
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and gas workers to GDP significantly exceeds the national average of GDP contributions

from workers in other industries (lvey, 2016).

As with projections of demand for mineral resources, there is also considerable
uncertainty and debate regarding the long-term demand for petroleum resources.
Currently, gasoline consumption for automobiles counts for almost 50% of petroleum
consumption (EIA, 2017). Disruptive technologies and changes in driver habits, such as
improved electric vehicles (EVs) capable of greater distances, autonomous vehicles, and
Transportation-as-a-Service models of personal transportation, could lead to a
reduction in fuel consumption by owners of light vehicles, as could decisions by

governments to ban or limit the number of vehicles using internal combustion engines.

The United Kingdom and France recently announced bans on the sale of new vehicles
with internal combustion engines (ICEs), effective 2040 (UK, 2017) (Chrisafis & Vaughan
, 2017). Volvo also announced that, effective 2019, all of its new vehicles would be
hybrid or electric vehicles (Marshall A., 2017b). It has been proposed, however, that
there may be insufficient differentiation between the performance of electric vehicles
and conventional ICE-based vehicles to cause consumers to move away from ICE-based
vehicles in significant numbers (Tertzakian P., 2017a). The decisions by some countries
to announce bans, therefore, are attempts to override market forces. This is not to
minimize the immediate impact of EVs on the oil and gas industry. The bans and plans
of companies like Volvo are thought to be impacting the “psychology of investors who
finance oil assets, services and infrastructure” such that “the result of all this next-
decade confusion is that less money is going to be flowing into the oil business”

(Tertzakian P., 2017b).

While oil companies have started to discuss the notion of ‘peak oil demand’, there is

disagreement among major oil companies with respect to when this will occur. Itis

important to note that the recent discussions around peak oil demand are in contrast to
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previous references to "peak oil’, which referred to the time when maximum oil
production would be reached, after which production would decline despite continuing
strong demand (Rapier, 2017). Earlier peak oil concerns predated the surge in the
development of unconventional oil resources in the U.S. using hydraulic fracturing
technology and the push toward alternative sources of fuel. The Wall Street Journal
recently reported Statoil and Shell are projecting peak oil demand will occur by 2025-
2030, while Exxon and Chevron do not believe peak oil demand is in sight (Cook &

Cherney, 2017).

In its 2017 Outlook for Energy, ExxonMobil projected a 25% increase in the global
demand for energy over the next 23 years, driven by an increase in population and in
the standard of living in developing countries (ExxonMobil, 2017).  This growth would
be predominantly from India and China, and it would also be driven by a 50% increase in
the energy demand from commercial transportation and by natural gas replacing coal as
a fuel source. BP projected a similar increase in global energy demand, with an increase
by 30% over the next 20 years, primarily from rising prosperity in emerging economies
(BP, 2017). In the BP forecast, the demand for oil would continue to grow, but at a
slower pace than recently experienced and with demand growth driven by non-
combusted use of oil. BP also projected reductions in fuel demand from improved fuel
efficiency and electrification would be overpowered by increased demand for car travel

as the middle class grows in emerging economies.

Regardless of their projected timeframes for peak oil demand, major oil and gas
companies see renewables as a fast growing component of the energy sector and are
positioning their companies in that space accordingly. There also appears to be a
consensus that low-cost oil producers will have a significant competitive advantage
during periods of slow demand growth. With the anticipated slowdown in the demand

for oil, some analysts predict natural gas will emerge as the dominant energy source
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over the next 20 years, supplying 27% of the energy demand, with various renewable

sources supplying approximately 50% (Ambrose, 2017) (DNV GL, 2017).

As discussed previously for mineral commodity prices, the world price of oil is based on
a complex set of factors, including supply, demand, geopolitics, and speculative
investment. Oil prices, like mineral prices, are prone to price shocks and cycles leading
to long-term uncertainty. Unlike oil, however, challenges to date with transportation
have limited the scope for natural gas to be a global commodity and for convergence to
a global price for natural gas. This could change with Liquefied Natural Gas (LNG), which
facilitates marine transportation of natural gas and represents a “supply source mobile
enough to plug supply and demand gaps in international markets” (Bresciani, Inia, &

Lambert, 2014).

From 2002-2008, the world price for oil saw a generally steady increase from
approximately $25/barrel to a high of approximately $145/barrel in mid-2008
(Macrotrends, 2017). Over the following 6 months, oil prices declined dramatically to a
low of approximately $S35/barrel. QOil prices rebounded from 2009-2011 and leveled out
near $100/barrel until June 2014. By Jan 2015, prices had dropped to approximately
S45/barrel. In early 2016, the price of oil dropped further to just under $30/barrel, and
in the second half of 2017 prices rose to approximately $S65/barrel. There is debate
among analysts about whether the recent oil price changes are cyclical, as had been
thought to be the nature of the oil industry, or structural, corresponding to a period

when oil prices will be lower for much longer (Fattoch, 2016).

(4.1) Digitalization in Oil and Gas

With this tumultuous backdrop, digitalization of the oil and gas industry has been
proposed as a necessary radical transformation of the industry (PwC, 2016a). Digital
technologies are seen as key to transforming operations in order to create new

opportunities for profits following the latest period of oil price decline (Choudhry,
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Mohammad, Tan, & Ward, 2016). It has been suggested that digital technology has
traditionally been employed by the oil and gas industry as a means of cost reduction
(PwC, 2016a). It could, however, provide much more, including enabling new
approaches to operations that would allow companies to continue to produce “oil and

gas, but in ways that will be virtually unrecognizable”.

Other drivers of a digital transformation in the oil and gas industry include a push of “oil
and gas operators into new frontiers — deeper waters, more remote reservoirs and
unconventional plays — that were once out of reach” (EY, 2016). In the Canadian
context, digitalization may be essential for developing deep-water, far-offshore oil and
gas resources, such as those being pursued by Statoil and Husky Energy in the Flemish
Pass Basin, located approximate 500 kilometres off Canada’s east coast (Statoil, 2017b)
(Husky, 2017). For such far-offshore development, it will not be practical to transport
the large numbers of workers back and forth from production platforms as required

using conventional approaches to operations.

A significant collaboration based in Norway, which included Statoil, BP, IBM, and other
industry and academic partners, was carried out from 2006-2014 with the objective to
“develop new methods and tools for ‘integrated operations’, which can be embedded in
improved work processes in the oil companies and enhanced products and services
from the suppliers” (CIOPI, 2006). In 2016, Statoil opened a Joint Operations Centre in
Bergen, Norway to utilize integrated operations in support of safety, vessel
optimization, emergency response, supply logistics, and machinery condition monitoring
across multiple operating oil fields. Petroleum Research Newfoundland and Labrador
(PRNL), an organization that funds and coordinates research on behalf of the east-coast
offshore oil and gas companies, identified integrated operations as a priority area for
research and development investment by its member companies (PRNL, 2017). In the

case of Newfoundland Labrador, PRNL highlighted an opportunity to leverage expertise
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locally in areas such as ocean and subsea technology, remote sensing, and autonomous

underwater vehicles (AUVs).

A recent report by Accenture highlighted digitalization as a key enabler for the oil and
gas industry with respect to value creation in the future (Accenture, 2017).
Digitalization could help industry deal with increasing challenges in attracting talent and
in meeting higher expectations to reduce climate change impacts. While the oil and gas
industry has adopted digital technology as it has matured, there is considerable
variability among upstream operators with respect to the extent to which digitalization

has occurred (PwC, 2016b).

Regardless of the uptake to date, digitalization in the oil and gas industry is anticipated
to bring structural changes similar in impact on costs and operations to that felt by the
introduction of horizontal drilling and hydraulic fracturing (Endress A., 2017a). Itis
expected oil and gas operations will evolve from primarily manual operations requiring
large numbers of people on a production platform to more automated operations,
where a small number of highly trained generalists work on a remote platform
connected to sophisticated mission support in much the same way as astronauts work

on the space station.

Digital technology could enable improved real-time monitoring of the offshore
operating environment, leading to better operational decision-making; lower
operational risk; positive impacts on health, safety, and environment; and enhanced
productivity. Inthe near term (i.e., 3-5 years), the top digital technology focus areas
are anticipated to include big data, analytics, internet of things (l1oT), and mobile
devices, while the subsequent 5-year period is expected to see a focus on robotics,
autonomous vehicles, artificial intelligence (Al), and wearable technology (Accenture,

2017).
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Statoil recently articulated a vision of being a global digital leader and outlined a
roadmap for seven specific digitalization projects to be executed under a Digital Centre
of Excellence (Statoil, 2017a). For Statoil, the areas of particular interest under its digital
roadmap include digitalization of work processes, advanced data analytics, robotics, and
remote control. Similarly, Shell embraced digital innovation with priority areas for
upstream oil and gas operations, including 3-D printing, robotics, advanced analytics,
and high performance computing (Shell, 2017a). For BP, artificial intelligence could
make it possible to “combine datasets about areas such as flow rates and pressures and
equipment vibration with data from the natural environment, such as seismic
information and ocean wave height, to transform the way we run and optimize our
operations” (BP, 2016a). Chevron sees automation of their operations, generating
better data, and translating that data into useful information as enabling the company
to “operate more safely, reliably and efficiently; reduce costs; recover more resources;
and better manage risks”, thereby helping to realize the potential value from billions of

dollars of assets across the company (Chevron, 2017).

Remote control of oil production systems is not new. In 1975, Exxon demonstrated
remote control of a submerged production system in the Gulf of Mexico (New Scientist,
1975). Modern remote drilling operations, which utilize distributed sensors, high-speed
communications, and data-mining techniques to facilitate access to deeper, more
remote, and more complex resources, have been demonstrated over the last decade
(Leber, 2012). Chevron estimated such technology could lead to productivity
improvements of 8% and recovery improvements of 6% (Chevron, 2017). Collaborative
work environments, which utilize high-quality videoconferencing, smart wells, reservoir
surveillance solutions, fibre optics, and real-time production monitoring, are
commonplace in the oil and gas industry (Shell, 2017b). This technology allows field
workers to interact with specialist colleagues who remotely monitor field conditions in
order to optimize operations. The Perdido project in the Gulf of Mexico was Shell’s first

fully integrated digital oil field (Perrons, 2010).
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There are also examples of robotic-type systems being used within the upstream oil and
gas industry. These include tele-operated “iron roughnecks” which allow drillers to
handle drilling operations remotely as pipe segments are connected or disconnected
automatically, increasing the safety and efficiency of a once dangerous job (RIA, 2017).
This equipment operates in much the same way as the tele-operated LHD described for
the underground mining industry. Schlumberger, a major oil and gas service provider,
offers a range of robotic and autonomous vehicle services related to data collection in
the offshore environment (Schlumberger, 2016). Applications include hydrocarbon
detection and mapping, marine geomatic surveys, seismic surveys, metocean data
collection, sea mammal monitoring, and environmental monitoring. Robots and
unmanned vehicles have also been reported for monitoring, inspecting, and mapping
applications by the oil and gas industry (BP, 2014) (ExxonMobil, 2016) (Torres, 2016). BP
and Oceaneering partnered on a large-scale AUV trial in the Gulf of Mexico for surveying
pipelines and subsea infrastructure using a variety of marine autonomous systems,
including remotely operated vehicles (ROVs), wave and underwater gliders, and

autonomous surface and underwater vehicles (BP, 2016b).

Advanced robotic offshore drilling systems have also been developed, although there is
reluctance on the part of industry to embrace full automation. Instead, “smart
automation technology informs human drillers who ultimately take all key decisions”
(Vella H., 2016). One of the limiting factors for the uptake of automated drilling
technology is the large number of capital intensive, but underutilized, conventional
floating rigs. Fully automated drilling would require newly designed and constructed

drilling rigs which are not likely to be built in the foreseeable future.
As discussed previously for the mining industry, managing the challenges and

opportunities of digitalization requires oil and gas companies to have digital strategies,

rather than ad-hoc digital initiatives. An important step toward developing effective
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digital strategies is leadership commitment. A recent survey showed only 3% of oil and
gas companies have established senior executive-level positions to “navigate the open
sea of the digital transformation” (Endress A., 2017b). In the case of the Shell Perdido
digital oilfield project, digitalization “happened more completely and quickly than
expected because of the emergence of champions who understood the value of these
technologies” (Perrons, 2010). It was also observed that the “journey toward becoming
an integrated digital oilfield would not have yielded the highly positive outcomes that it
did without the strong support within the Perdido team, the relevant Shell E&P

communities, and both BP and Chevron”.

(5.0) Other Considerations

There are a number of other important factors to be considered for digitalization of
Canada’s mining and oil and gas industries. First, these industries are subject to
extensive regulation, both provincial and federal, that may affect the rate of
technological progress and innovation. Secondly, digitalization will have an impact on
the level and nature of employment, with implications for education and training
programs required for the future workforce, for the “value proposition’ for communities
in resource regions, and for levels of ‘technological anxiety’ among the general public.
Thirdly, advances in digital technologies are expected to come primarily from outside of
the extractive industries, and this will require reconsideration of traditional supply
chains and the role of small and medium-sized enterprises (SMEs) and other innovators

and approaches to innovation.

(5.1) Regulation and Technological Progress

The mining and oil and gas industries are subject to heavy regulation because some of
their activities have the potential, if not carried out properly, to result in serious and
lasting harm to the environment and to worker health and safety. In addition, there
could be harm to nearby communities and to public health. Therein lies a conundrum.

There are competing pressures to innovate, as the operating environments for
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extractive industries become more challenging and beyond conventional approaches,
and to strengthen regulations to manage the increased risks associated with operations
in those more challenging environments (LR, 2015b). The rate of regulatory change is

generally much slower than the rate of technological change.

As a consequence of the potential for significant harm, extractive industries are often
subjected to “prescriptive’ regulations that detail how their activities must be carried
out. Thisisin contrast to more ‘performance-based’ or ‘outcomes-based’ regulations
that define desired outcomes or levels of performance and leave industry to determine
how to carry out their activities while ensuring performance targets are met. The latter
approach to regulation has been proposed as being more amenable to the adoption of

new technologies (NRCan, 2013).

In 1996, the Government of Canada confirmed provincial jurisdiction for regulation of
mining developments through its Minerals and Metals Policy (NRCan, 1996). While the
Minerals and Metals Policy calls for regulation to be performance-based rather than

prescriptive, approaches to regulation of mining activities vary widely across Canada.

In Canada, there is an initiative underway — Frontier and Offshore Regulatory Renewal
Initiative (FORRI) — to modernize the regulatory process for oil and gas activities that are
under the jurisdiction of the federal government (NRCan, 2017d). Input from Canadian
industry into the FORRI consultation process called for a commitment to effective
implementation of a performance-based regulatory system supported by guidelines and

other tools consistent with a performance-based management approach (CAPP, 2016).

For onshore oil and gas in Canada, regulation is under provincial jurisdiction. In Alberta,
new and unique scientific and technological challenges of unconventional oil and gas
development, as well as the need for new technologies and approaches to operations,

provided the impetus to consider “risk-based and play-focused” approaches to
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regulation of unconventional resource developments (ERCB, 2012). A public review of
potential unconventional oil and gas development in Western Newfoundland
recommended a regulatory framework with an appropriate mix of performance-based
and prescriptive regulations (Gosine, Dusseault, Gagnon, Keough, & Locke, 2016). Such
an approach would allow for evolution of regulations as new knowledge and experience

are gained, and would be supportive of innovation and the adoption of new technology.

A study of green mining technology highlighted that the “potential for delays in the
environmental assessment process with introducing a new technology that does not
have a demonstrated track record acts as a deterrent for some mining companies”
(MNP, 2011). Furthermore, the study highlighted that many mining companies may
not be able to afford the time and resources needed to generate the verifiable evidence
required by regulators about the performance of a new technology. As a consequence,
industry tends to use proven technologies, rather than risk delays or non-approval of
innovative technology applications. A study of the impact of environmental regulations
on innovation in the Australian oil and gas industry suggested “the less prescriptive
nature of the regulatory approach taken by the Queensland government is supporting
innovation” and that companies are “striving to make their operations very
environmentally robust and going beyond compliance” (Ford, Steen, & Verreynne,

2014).

In the context of oil and gas regulations, it was proposed that “regulators must create an
environment that enables innovation” and they “must engage with technical experts
from industry to identify new ideas for supporting innovations, be open and flexible to
pilot testing activities and employing a more outcomes-based approach to regulation in
order to support innovation “ (EY, 2015a). This call for closer cooperation between
regulators and other stakeholders in order to improve the regulatory framework and to
facilitate the required innovation is not unique to Canada. Lloyd’s Register, a global

engineering organization, proposed “a blend of the best expertise from business,
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academics, regulators and governments” would lead to a better understanding of risks,
while “a blend of design skills, application of science, operations, risk appetite and
consequence together with legislation regimes” would lead to more appropriate

regulations (LR, 2015b).

Within the offshore oil and gas industry, international classification societies, such as
Lloyd’s Register, the American Bureau of Shipping, and DNV-GL, set and monitor
standards for the design, construction, operation, inspection, and maintenance of
offshore structures and vessels. These classification societies feature in Canadian
offshore petroleum regulations and they play a critical role in ensuring safety and

environmental performance of offshore operations.

Recent foresight exercises by the Lloyd’s Register Foundation (LRF) considered the
emergence of big data, analytics, robotics, and autonomous systems (LRF, 2014) (LRF,
2016). These exercises reviewed the implications for the industries Lloyd’s Register
serves and for the work done by Lloyd’s Register in the certification and assurance of

industry assets.

With respect to big data and analytics, LRF proposed a paradigm shift towards data-
centric engineering where “data considerations are at the core of engineering design”
with resulting improvements in “performance, safety, reliability and efficiency of assets,
infrastructures and complex machines” (LRF, 2014). A range of data management
issues, including standards, collection, storage, and security, would be part of the
engineering life-cycle and would impact on approaches to designing, manufacturing,
maintaining, and decommissioning assets. The data itself would be an asset, requiring
verification of the pedigree, quality, and accuracy of data. The certification and quality
assurance roles played by organizations such as Lloyd’s Register would need to adapt

accordingly if a data-centric engineering approach was adopted by industry.
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In terms of robotics and autonomous systems (RAS), LRF highlighted critical issues such
as the dependability and appropriateness of action of RAS, methods of RAS “learning’,
exchange of control between human operators and RAS, system security, public trust
and ethical frameworks for applications of RAS, and anxiety about employment
disruption (LRF, 2016). Also, the need for “living laboratories in existing infrastructure”
was highlighted as a means of providing the necessary focus to undertake basic R&D,
perform first demonstrations of prototypes, and de-risk and certify systems that could
be put into normal operation. This requires regulatory frameworks that are supportive

of innovation and approaches to understanding and managing the associated risks.

(5.2) Technology, Employment Impacts, and Education and Training

The fusion of advanced technologies and the “transformation of entire systems of
production, management, and governance” may disrupt labour markets (Schwab, 2016).
At this point there is considerable uncertainty about the impacts on the number of jobs
and the timing of such impacts, although there is general agreement that the nature of
work will change significantly. There are also growing concerns, or "automation
anxiety’, about the “replacement of complex cognitive tasks and human decision making

by algorithms, machine learning and other computational techniques” (Sussex, 2017).

Schwab noted that if automation substitutes for labour, “the net displacement of
workers by machines might exacerbate the gap between returns to capital and returns
to labor” (Schwab, 2016). Some researchers believe the impact of automation on jobs
would be considerably larger than what many analysts have been projecting (Ticoll,
2017). Schwab also noted, however, the impacts are unclear and the application of
automation could lead to an overall increase in safer and more rewarding employment
opportunities (Schwab, 2016). Key issues, however, include the locations of these new
jobs, as well as the required education and skill levels. For extractive industries, there is
a question about whether new jobs that could result from digitalization would benefit

individuals in resource communities and regions.
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A recent report from the International Federation of Robotics (IFR), an advocacy group
for robotics, proposed “robots complement and augment, rather than substitute for,
labour and in doing so, raise the quality of work and the wages of those fulfilling new
tasks” and “automation has led overall to an increase in labour demand and positive
impact on wages” (IFR, 2017). The IFR report proposed that less than 10% of jobs
involving manual labor could be fully automated, and robots may complement and
augment manual labour for some jobs. Middle-income/middle-skill jobs would be prone
to loss through automation, while the demand for high-skill jobs would increase, as
would wages. This is consistent with the perspective that “automation does indeed
substitute for labor—as it is typically intended to do. However, automation also
complements labor, raises output in ways that lead to higher demand for labor, and
interacts with adjustments in labor supply” (Autor, 2015). Between 2010-2015, the IFR
reported that the U.S. automotive industry installed 60,000 new robots, while there was
an overall increase in employment of 230,000 jobs in the industry over the same period
(IFR, 2016). The report, however, did not discuss other factors, such as increases in

production, that may have influenced overall employment numbers.

Some practitioners refer to the next generation of machines that work with and assist
workers, rather than replace them, as “cobots’ or collaborative robots (Hollinger, 2016).
Collaborative robotics is particularly attractive for work activities for which human
judgment is required and where the physical environment presents ergonomic
challenges. For certain job activities, studies have shown human-robot teams are more

productive than humans or robots working alone (Tobe, 2015).

In automobile assembly plants, some industrial robots have been replaced by cobots
with the primary objective to improve the safety and ease of tasks for workers on
assembly lines. Cobots have been proposed as part of the solution to attracting and

retaining the required workers for the manufacturing industry at a time when many
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current workers are retiring (Gonzalez, 2016). Cobots could also be a viable technology
to support the manufacturing operations of smaller suppliers that need greater
flexibility and portability of technology than is typically provided by large-scale, fixed-in-

place robotic manufacturing systems.

Autor stated “journalists and even expert commentators tend to overstate the extent of
machine substitution for human labor and ignore the strong complementarities
between automation and labor that increase productivity, raise earnings, and augment
demand for labor” (Autor, 2015). Headlines in Canadian popular press, such as
“Driverless trucks could mean ‘game over’ for thousands of jobs”, fuel concerns about
the impacts of automation on employment (Grant, 2015). The article highlighted
Canadian mining and oil and gas companies as early adopters of automated truck

technology.

Another recent study suggested that while almost half of all work activities across the
economy could be automated, less than 5% of all occupations could be automated using
existing technologies (Manyika, et al., 2017). It was estimated 60% of all occupations
have at least 30% of their activities that could be automated, with “physical activities in
highly structured and predictable environments, as well as the collection and processing

of data”, being the activities most easily automated.

Manyika presented a case study of the potential for automation in an oil and gas control
room. The proposed advantages of automation included “better personnel safety,
greater efficiency, higher throughput, improved agility, and cost reductions from
relocating operators from remote sites to centralized offices”. Furthermore,
technologies such as intelligent sensors and analytics could “enable predictive
maintenance, which is just one-quarter the cost of reactive maintenance”. It was
estimated 80% of the value created from automation of the control room would result

from performance gains, while 20% would result from labour substitution.
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Other analysts suggested better utilization of existing computing technology in the oil
and gas industry could see positive financial impacts of up to $3 billion for a major oil
and gas company (Ward, 2016). Of this amount, S1 billion in savings would accrue from
more efficient deployment of engineering resources, allowing companies to stay ahead

of the increasing challenge to find talent.

While some jobs within oil and gas companies would be eliminated by automation,
there would be an increase in demand for digitally literate employees, such as data
analysts and engineers (Kline, 2017). Along a similar theme, Accenture predicted
digitalization will both demand and enable a fundamentally different workforce in the
oil and gas industry and, while some manual jobs will be replaced by digital technology,
other “more digitally-oriented jobs will be created to take their place” (Sloman,
Holsman, & Cantrell, 2014). The Lloyd’s Register Foundation (LRF) proposed the
changing nature of the workforce would further challenge all levels of the education
system, from the primary and secondary school system, through post-secondary
institutions, to organizations offering ongoing training and education to professionals in

industry (LRF, 2016).

For the mining industry, the overall employment impacts as a result of digitalization are
also subject to debate (Davis, 2017). In the future, as a result of widespread
digitalization of field operations and back-office processes, some analysts believe digital
mining will involve far fewer people (Deloitte, 2017). The future workers would also
have different skillsets than required today by the mining industry. Currently, local
employment is a critical part of the value proposition that mining companies are
expected to deliver upon throughout their operations in communities with extractive

resources.
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Whether a 25-year vision for autonomous mining can be realized is an open question. A
study led by the University of Queensland considered the social dimensions of
autonomous and remote operations and concluded that "autonomous technologies
seem likely to reduce additional jobs created through mining industry growth, rather
than leading to a net reduction in mining employment” (McNab, Onate, Brereton,
Horberry, Lynas, & Franks, 2013). The study findings noted that some jobs, such as
driving trucks or manually operating underground equipment, would disappear, while
new jobs, which would be increasingly concentrated in urban areas, would require
different competencies. Benefits of automation were proposed to include improved

safety and reduced risk for workers.

One challenge for automation is the integration of automated technology into existing
mine sites (Jensen, 2016). Others have noted there will always be a need for
infrastructure to support people working underground since “sooner or later equipment
always breaks down and somebody has to go and fix it” (Vella H., 2017). Within
existing underground mining operations, large equipment is dismantled and rebuilt
underground so there is a need for in-situ repair and maintenance of equipment,

including automated vehicles.

Dramatic adjustments to employment in an industry can provide the impetus for
innovation and entrepreneurship by those who are displaced. Following a major
downsizing by the mining industry in Sudbury in 1981, a number of “unemployed
miners, armed with tacit knowledge of the major mining companies, created small and
medium-sized enterprises (SMEs) to serve the local mining industry” (Hall, 2017). Today,
there are over 300 supply and service companies in the Sudbury area, employing

approximately 13,500 people.

Whether the Sudbury experience will hold up through a workforce disruption from

digitalization is an open question. A release of labour as a result of widespread

36



digitalization of the mining and oil and gas industries would be complicated by a
significant knowledge gap with respect to digital technology and digital innovation
among those displaced. It is unlikely that knowledge of a pre-digitalized industry would
be a sufficient base upon which to offer advanced technical services to a digitalized
industry. Unlike the Sudbury experience, the expertise needed by extractive industries
following digital disruption would be found, to a significant extent, outside of the
extractive industries, in other sectors and locations that are more proactive in advancing
digital technologies and their applications. Furthermore, the current alignment of
education and training programs at some post-secondary institutions to meet the
current employment needs of extractive industries may fall short in terms of positioning
young people with an affinity to resource regions for careers in digitalized extractive

industries.

As with projections about the changing nature of employment in the oil and gas
industry, mining industry analysts have pointed to the need to “build a workforce of the
future by attracting highly diverse people with a new set of digital skills” (Deloitte,
2017). The mining industry “will increasingly find themselves competing for scarce

technical talent with more attractive pure play digital disruptors”.

A recent survey of over 2000 companies in 26 countries about Industry 4.0 identified the
lack of training and a digital culture deficit among existing workforces as the top
challenges faced by companies (Geissbauer, Vedso, & Schrauf, 2016). The need to
address education and training requirements includes upgrading knowledge and skills
for existing workforces, as well as preparing university and college graduates better for

careers in digitalized industries.

Understanding the employment impacts of digitalization of the mining and oil and gas

industries will be important, both to the companies and to the communities and regions

in which there are resource developments. For mining and oil and gas developments,
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an important element of the historical value proposition is local employment, including
direct, indirect, and induced employment, across all education and skill levels. Other
elements include the consumption of local goods and services and revenues from taxes

and royalties.

For extractive resource development projects in Canada, there are negotiated benefits
agreements that define how communities and regions participate in the employment
and economic activities arising from resource development projects. As an example,
for the Hebron offshore oil and gas development project, the benefits agreement
stipulated a minimum number of person-hours of engineering and construction work
had to be done in Newfoundland and Labrador (NL) prior to the start of oil production
(Hebron, 2008). Other requirements included financial support for the NL supply and
service sector to engage with the engineering offices of the proponents or their out-of-
province suppliers, and a defined level of R&D expenditure by the proponents within NL
over the lifetime of the project. The proponent’s benefits commitments are monitored
by the Canada-Newfoundland Offshore Petroleum Board (C-NLOPB) and the proponents
file public quarterly and annual reports regarding their performance in meeting their

commitments (HMDC, 2017).

In the context of mining in Canada, impact and benefits agreements (IBAs) are
negotiated between mining companies and Aboriginal communities to “document in a
contractual form the benefits that a local community can expect from the development
of a local resource in exchange for its support and cooperation” (IBA RN, 2006). The
IBAs typically address issues such as environmental protection, including special
concerns about wildlife; protection of Aboriginal social and cultural values; education,
training, and employment; health and safety; business opportunities; Aboriginal access
to the project site; financial arrangements; and dispute resolution mechanisms (Vale,
2017). Aboriginal communities “hold inherent rights in their traditional territories, and

thus should share in employment and financial benefits from development projects on
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those lands” (Kielland, 2015). Generally, IBAs are in addition to resource revenue

sharing arrangements between project proponents and governments.

While benefits agreements typically deal with direct employment requirements, the
second-order effects associated with changes in employment levels as a result of
digitalization also need to be understood. For example, there would be income tax
impacts associated with changes in employment levels or changes to local salaries paid
by industry as a result of increased automation (Balch, 2016). A reduction in direct
employment in a region would also result in a reduction in induced employment in that

region.

With the rise of the concept of ‘social licence to operate’ (SLO), which is sometimes
referred to as ‘social licence’ or “public confidence’, the impact of digitalization on
employment and other elements of the value proposition will be particularly important
to understand (Mann & Cosbey, 2016). For both mining and oil and gas companies,
developing and maintaining a trust relationship with the communities in which they
operate is recognized as a reality of doing business in the future (Sanyal, 2012) (Latimer,
2015). A University of Queensland study identified key “social dimensions of
automation”, including the structure of the workforce and workforce management
practices; workplace and public health and safety; mining-related regional development
opportunities; and Aboriginal employment and community relations (McNab, Onate,

Brereton, Horberry, Lynas, & Franks, 2013).

Depending on the ultimate impact of digitalization of extractive industries on the
employment component of the value proposition, there may need to be a rebalancing
of the weighting on the other historical components or the introduction of new
components of the value proposition. New components could include introducing more
local downstream processing of extracted resources, developing value-added products

that would be manufactured locally, supporting more widespread infrastructure
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improvements that benefit communities and operations, and increasing knowledge and
technology transfer to local communities that could be more widely utilized in other
sectors of the economy (Cosbey, Mann, Maennling, Toledano, Geipel, & Brauch, 2016).
Policy makers will need to be engaged early in order to mitigate the negative social
impacts of employment loss (LRF, 2016). Given the increased attention generally in the
media, including social media, regarding the impacts of automation on the future of
work, securing public confidence for extractive resource projects will be further

complicated by automation anxiety.

(5.3) Technology from Other Sectors

The enabling digital technologies and approaches to their integration into systems are
common across many industry sectors, albeit with some adaptations tailored to sectoral
differences. Learning from other industries that have adopted new technologies and
approaches to their application will be important (Jacquand, 2017). In particular,
technologies developed and deployed for the manufacturing, forestry, agriculture,
automotive, aerospace, biotechnology, financial technology, and gaming sectors may be

adapted and adopted for applications by extractive industries.

By way of illustration, new financial technologies being employed in the financial sector
may play important roles in the future of extractive industries (Koeppen, Shrier, &
Bazilian, 2017). Specifically, blockchain technology may be utilized in applications to
increase transparency and provide efficiency in regulatory compliance, to enhance data
security, to facilitate smart contracts, and to improve logistics. Such technology has the
potential to improve management of supply chains for extractive industries (IBM, 2016).
This technology may also make it possible for a proven ore reserve to be converted into
digitized assets prior to it being mined. This could include orebits that can be bought

and sold electronically (BusinessWire, 2017).
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Such technology may also facilitate new value propositions for communities in which
extractive industries operate in order to secure the social and economic futures of those
communities. In other words, it may be possible to generate financial revenue streams
into communities in the absence of current production. In the traditional mining
lifecycle, mining company pensions, which guarantee revenue being paid to former
company employees long after active mining has ceased and the mining company has
left the community, have been a critical social and economic stabilizer for single-
industry mining towns. In some cases, these pensions may have helped avoid ‘ghost-
town’ outcomes for communities. As the requirement for ongoing public confidence in
extractives industries in Canada becomes more widespread, digital technology may
support industry in delivering an early value proposition to communities and in having

new value proposition options at later stages of projects.

Unlike 20 years ago when autonomous vehicle technology was being pioneered by the
mining industry to improve productivity and safety in a niche market, today this
technology is being advanced by the automotive industry and by technology companies,
such as Ford, General Motors, Tesla, Uber, Google, Blackberry, and Apple, for much
larger consumer markets (Davies, 2017) (Tesla, 2016) (Marshall A. , 2017a) (Blackberry,
2017) (Moren, 2017). In particular, research directed toward systems that enhance the
safety of humans (e.g., other drivers and pedestrians) on roads utilized by autonomous
automobiles could also be useful for introducing automated mining robots into
established mines that use conventional approaches to production (Condliffe, 2016).
The experience of the automotive and manufacturing industry in the application of
collaborative robotics, or cobots, is also particularly relevant and important to consider.
Regardless of whether full automation can ultimately be achieved, the complex nature
of the physical environments for both mining and offshore oil and gas development will
necessitate close interaction and collaboration between humans and machines for the

foreseeable future.
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(5.4) The Role of Small and Medium-sized Enterprises (SMEs)

With the exception of the mineral exploration sector, modern extractive industries tend
to be dominated by large global firms. The last commodities boom escalated mergers
and acquisitions among already highly concentrated companies. Many of these deals
were over-leveraged and based on unrealistic expectations for commodity markets. In
some cases, individual units and properties from these ventures have been dismantled
and sold off. Historically, conservative and risk-averse mining and oil and gas
companies looked toward similarly conservative and risk-averse supply and service
providers. These characteristics are not conducive to innovation and may impede the
adoption and adaption of disruptive technologies by extractive industries (Brownlee,

2016).

In the case of some large corporations, such as Lockheed and Apple, a “skunk works”
approach has been used to provide key technical and scientific staff with the time and
resources to engage in breakthrough innovation away from normal company operations
(May, 2012). Itis also the case that disruptive technologies are often driven by smaller,
more agile, and less traditional firms, many of which are not part of the supply chains
for large extractive industries. As a result, large extractive industries may not benefit

from the disruptive technologies originating from these smaller innovative companies.

Unfortunately, many SMEs do not have a good understanding of needs of the larger
companies nor their procurement processes. This lack of understanding is perpetuated
by the fact there are limited mechanisms for interaction between SMEs and the large
operating companies and their suppliers. Similarly, decision-makers in extractive
industries and among their larger suppliers are often unaware of the technology and

capacity available through SMEs.

Given the prospect for widespread application of disruptive technologies in consumer

products and across industry sectors, there is potential for higher levels of innovation
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and entrepreneurship, leading to new opportunities for SMEs and for the creation of
new technology-based companies (Manyika, Chui, Bughin, Dobbs, Bisson, & Marrs,
2013). The need for extractive industries to embrace disruptive technology may lead to
better, more effective engagement between extractive industries and technology
developers, including SMEs and other innovators, traditionally operating outside of the
supply chains for mining and oil and gas companies. New ways of establishing

collaborations among key players need to be explored by extractive industries.

Digitalization provides an opportunity for innovative Canadian technology to enhance
the viability of Canada’s extractive industries and to create export opportunities for
Canada’s technology companies, particularly SMEs. With respect to enabling export
opportunities for SMEs, however, Canada is challenged. As noted by the Advisory
Council on Economic Growth, “in general, Canadian corporations are relatively slow to
adopt new technology and seem reluctant to buy from young or smaller firms” (ACEG,
2017). The Advisory Council went on to suggest that larger companies could support
growth of SMEs, both by acting as early customers and by connecting SMEs with other
companies in their supply chains. In order for Canadian SMEs to be successful in
participating in a global supply chain for the energy industry, it was proposed
government must “use policy to ensure stable, robust domestic demand in target

energy sectors and consequently spur industry innovation” (McKinsey, 2013).

(5.5) Other Approaches to Innovation

It has been long argued that innovation is a social process within which people interact
to develop ideas and knowledge that underpin marketable products and services
(Maxwell, 2003). As discussed by Smith et al., “successful innovative firms are usually
those which are open to their environments. That is, they engage in interactive learning
involving other institutions: partners, rivals, and a wide range of other knowledge-
creating and knowledge-holding institutions” (Smith, Dietrichs, & Nas, 2015). The “easy

wins” with respect to incremental improvements have largely been achieved, and
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ground-breaking, transformative innovations will come “from looking at the world from
several perspectives at once - engineering, finance, design, marketing, moral, legal, and
so forth - and synthesizing them into something that’s greater than the sum of the

parts” (Jarvis, 2016).

Innovation approaches from other sectors need to be considered, such as the Hacking
Health movement, established in 2012 in Montreal and subsequently expanded
internationally. This ‘open innovation” approach brings fresh thinking to addressing
challenges in the healthcare sector and to engaging people with the knowledge and
skills, often from outside the sector, needed to advance healthcare into the 21st century
(Lindeman, 2015). A “hackathon’ brings together health professionals, policy makers,
technology providers, technology developers, students and faculty, entrepreneurs, and
investors to generate fresh ideas, to share insights, and to develop creative solutions
(Hacking Health, 2017). Extractive industries recently started to explore this more open
and creative approach to innovation (OGA, 2016) (CMIC, 2017a). An upcoming 54-hour
open innovation hackathon in Vancouver will consider three “challenges’ involving the
use of digital technology and analytics to improve the performance of discrete

components of mining operations (Unearthed, 2017).

Another open innovation approach involves ‘crowdsourcing’ solutions to major
challenges by engaging a broad range of expertise and unconventional thinking. In the
case of the oil and gas industry, Sweden’s Draupner Energy was established in 2015 to
“leverage crowdsourcing and networked innovation over an internet platform to
identify and deliver novel ideas, innovative project solutions, develop energy and carbon
capture and storage projects, and move them to market” (Draupner, 2017). In 2015 and
2016, Statoil and General Electric co-sponsored global open innovation challenges to
solicit concepts for reducing the amount of sand and water used in unconventional oil

and gas development (GE-Statoil, 2015) (Statoil-GE, 2016). Statoil recently issued an
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open innovation challenge to consider how digitalization could change how energy is

produced and consumed (Statoil, 2017c).

Within the Canadian mining industry, the CEO of Goldcorp, inspired by the open-source
software movement, believed that crowdsourcing new ideas about where to dig could
“speed up exploration and improve his odds of discovery” at an underperforming mine
in Ontario (Tischler, 2002). Goldcorp launched an innovative challenge that made all of
the company’s proprietary geological data available on the company’s web site. The
challenge let outside experts have access to the data to identify “where the next six
million ounces of gold” would be found in return for a $575,000 prize (ideaconnection,
2009). It was estimated that the challenge “cut two, maybe three years off the
company’s exploration time. And the worth of this gold has so far exceeded $6 billion in
value”. In 2007, Barrick Gold launched its Unlock the Value Program to challenge
researchers from around the world to liberate 180 million ounces of silver that was
contained in gold reserves in the Veladero mine in Argentina (Barrick, 2007). The
Barrick challenge stated that “experience in mining is not required because we are

looking for innovation and new approaches”.

In 2015, Integra Gold Corporation, which is now owned by Eldorado Gold, announced it
was making 70 years of prospecting data available on the internet in order to “let
people who aren’t usually involved in exploration bring creative data analysis methods
to the table” and to “inject some much-needed innovation into an industry that’s
struggling with high costs and low commodity prices” (FP, 2015). Data collected from a
growing number of digital devices deployed across oil and gas and mining operations
could provide a rich source of raw material for crowdsourcing new internet of things

(loT) products and services (Ratzesberger, 2015).

Other models for promoting innovation include longer-term (e.g., 12-18 months) design

competitions to develop and demonstrate game-changing technology. An early
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example of the “prize challenge model” was the DARPA Grand Challenge, an
autonomous vehicle challenge, with a vision to “encourage new waves of research and
development that will spur continued innovation, encourage commercial investment,
and lower the cost of advanced technologies” (DARPA, 2014). Reflecting on the impact
of the challenge program 10 years after it was launched, DARPA concluded “the fresh
thinking they brought was the spark that has triggered major advances in the

development of autonomous robotic ground vehicle technology in the years since”.

A more recent example of the prize challenge model is the Hyperloop Pod international
competition that targeted a new “fifth mode’ of transportation (SpaceX, 2017). This
international student competition was launched in response to a proposal to build a
conventional bullet train as a solution to statewide mass transit in California (Musk,
2013). From over 1000 teams that initially applied for the competition, 115 teams
submitted designs in January 2016 and 30 were selected to build their designs and to do
preliminary testing on the Hyperloop track in January 2017. A full competition among
24 teams was held in August 2017, and a further competition is set for mid-2018.
Another illustration of this approach is the 8™ Annual Robotic Mining Competition that
will be hosted by the U.S. National Aeronautics and Space Administration (NASA). This

competition will bring together 50 U.S. university teams (NASA, 2017).

In 2017, the Government of Canada launched the Innovation Superclusters Initiative (ISI)
to “accelerate the growth and development of business-led innovation superclusters in
Canada, translating the strengths of our innovation ecosystems into new commercial
and global opportunities for growth and competitiveness” (ISI, 2017). Both the mining
and oil and gas industries aspire to lead superclusters, including a mining cleantech
cluster and a digital oceans cluster involving the oil and gas industry (CMIC, 2017b)

(Researchinfosource, 2017).
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Both of these supercluster initiatives would see major investments by industry and
government to bring together an array of collaborating companies and organizations to
advance innovation and move Canadian industry into a world-leading position. For
example, the mining cleantech supercluster is an “industry-led, multi-stakeholder
consortium comprised of four existing clusters, which, combined, represent 11 large
companies (including eight resource companies), 13 post-secondary institutions, 42
SMEs and 25 other support organizations” (CMIC, 2017b). The digital oceans
supercluster would bring the offshore oil and gas industry together with other ocean
industries to advance technologies that could be developed and adapted across

industries (Researchinfosource, 2017).

(6.0) Mining and Oil and Gas: Digital Synergy

In terms of exploring the opportunities and challenges related to digitalization of
extractive industries, there is tremendous synergy between the mining industry and the
oil and gas industry, particularly between mining and offshore oil and gas production
operations. Both mining and offshore oil and gas are global industries involved in
increasingly remote production operations in harsh environments that, by their very
nature, modify the environment. Both the suppliers to these industries and the

customers are international in scope.

Mining and oil and gas activities generate significant export value for Canada and
employ, directly and indirectly, a large number of people with a wide array of expertise
and skill. Employment represents a major part of the value proposition between the
industries and resource communities. The employment impacts are national in scope

and particularly important to regions where there is resource development.
Digital technology has the potential to improve, expedite, and reduce the cost for

evaluation of resources. This could lead to new resource development projects that

may not have been evaluated in the absence of improved resource assessment tools
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that provide for the collection and processing of data that would previously not have

possible.

The need to look to digital technology to increase operational efficiency in order to
remain globally competitive could significantly change the levels and nature of
employment in extractive industries, and, hence, the value proposition for governments
and resource communities. This, coupled with a general anxiety among the public about
impacts of automation technologies, further complicates the public confidence dynamic.
Both the mining and oil and gas industries are already subjected to increasing challenges
with respect to achieving and maintaining the public confidence necessary to carry out

resource development projects.

Both sectors are capital intensive with long payback periods on investments. The
financial risk, coupled with the cyclical nature of commodity pricing and price shocks,
has contributed to weak investment in R&D and slow uptake of new technology

compared with other innovative sectors of the economy.

Both industries have recognized the need to embrace digital technology if they are to
survive, let alone flourish. There is an opportunity for these industries to work together
to understand their digital futures, and those of their employees and the resource

communities and regions in which these industries wish to operate.

For both mining and oil and gas companies, the future could include heavily digitalized
assets (i.e., oil rigs, mining equipment), capable of high levels of autonomy and inter-
asset cooperation, operating within challenging natural environments (e.g., a deep or
remote mine or far offshore oil field) monitored using advanced embedded and remote
intelligent sensor technology. These digitalized assets and intelligent sensor
technologies could be connected via innovative communication systems to digital

enterprises (i.e., mission control centres and other remote centres of excellence), where
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experts would monitor production operations remotely, interact via technology with a
limited number of field workers at production sites, and perform computational analysis
on data collected from remote operations to optimize production, equipment
maintenance, and asset utilization, while simultaneously ensuring regulatory
compliance. The digital enterprise could be part of a digital world in which technology
would be deployed to improve supply chain management and resource management, to
balance supply and demand for product, to manage contracting among project partners,

and to help secure and maintain public confidence.

(7.0) Conclusions and Next Steps

The next generation of mining shares an emerging vision of increased digitalization of
production operations with the offshore oil and gas industry of the future. Given the
importance of the mining and oil and gas industries to the Canadian economy, it is

critical that Canada prepares for the digital future of these extractive industries.

Challenges resulting from digitalization of these industries, however, must be identified,
understood, and addressed by a diverse range of stakeholders. Some of these
challenges include integration with legacy production operations, impacts on
employment and the nature of work, securing talent with the required education and
skills, more complicated relationships with governments and communities, and being

innovative while complying with regulatory requirements.

While deriving economic benefit from mining and the oil and gas resources could
continue to be important to Canada, it will be critical for resources industries, and the
supporting supplier and service companies, to understand emerging digital technology,
as innovators, consumers, and exporters of such technology. As part of the digital
economy, modern mining and oil and gas companies may accrue benefits including
increasing the safety of workers, improving environmental performance, protecting

public health, improving productivity and efficiency of operations, shortening the

49



exploration-development-production cycle time, increasing reliability of equipment, and

reducing capital infrastructure costs.

The challenges and opportunities from digitalization come at a time of considerable
media hype about technologies such as artificial intelligence and automation. Some
pioneers in the field, such as Rodney Brooks, have lamented the “hysteria about how
powerful they will become, how quickly, and what they will do to jobs” (Brooks, 2017).
Brooks did not suggest that there will not be challenges and impacts from these
technologies, but these will not be as sudden or unexpected as some predict. Finally, as
noted by Brooks, “almost all innovations in robotics and Al take far, far, longer to be
really widely deployed than people in the field and outside the field imagine”. This is
not to say that stakeholders in Canada’s extractive industries can afford to delay

preparing for a digital future.

Globally, digital technology will transform extractive industries. For Canada, this
provides an opportunity to lead in developing and commercializing the enabling
technologies, in integrating these technologies into global operations, and in
considering the broader socio-economic and regulatory consequences of digitalization

of these extractive industries.

Digitalization of extractive industries in Canada will certainly pose opportunities and
challenges for a diverse range of stakeholders. In addition to the operating and supply
and service companies, individuals and communities will be affected by digitalization, as
will governments and institutions (e.g., education systems, regional development
organizations, unions, and regulators). Successfully addressing the opportunities and
challenges will require early and effective engagement of all stakeholders that is
informed by realistic digitalization scenarios, timeframes for their implementation, and

assessment of the broader issues and impacts.
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