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“It appears that the mining industry is poised
for greater growth than it's seen in a decade,
but today’s market realities are very different
than those of the past. We're now dealing
with geopolitical tensions in the form of trade
wars and tariff concerns, as well as looming
asset shortages. Rising commodity prices
should fuel expansion, but could also result in
a return of inflation and the costs that go with
it, eventually eating into margins. Disruption
and volatility has become the new normal and
the pace of change is outpacing our ability

to adapt. This makes it imperative for mining
companies to clarify how they plan to drive
value into the future and how they intend to
respond when prices inevitably drop again.”

Philip Hopwood
Global Leader—Mining & Metals
Deloitte Touche Tohmatsu Limited






Solving the

value conundrum

We all know that what goes

up must come down, but

the reverse isn't always true.
This explains why the recent
resurgence of the mining
sector comes as a great relief.
With a cyclical recovery in the
commodity markets, there has
been an uptick in corporate
earnings, cash flows, and credit
ratings, and a corresponding
drop in debt levels. As a result,
spending is again on the

table, with mining companies
considering investing in capital
projects and engaging in
mergers and acquisitions.

Mining companies now need
to determine how to operate
in a market characterized by
constant disruption, volatility,
rising stakeholder demands, a
widening talent gap, dwindling
access to key inputs such

as energy and water, and a
Chinese economy growing at
under seven percent, rather
than 12 percent. In this new

world order, miners will not
attract talent, investment, or
community support if they only
focus on communicating the
value that they currently bring
to communities — miners will
need to go a step further and
articulate what they stand for
by developing differentiated
business models designed

to drive long-term value.

Solving this value conundrum
mandates them to

re-envision their corporate
strategy, strengthen their

risk management, and find
better ways to engage with
stakeholders, push the
boundaries on their digital
transformation, attract truly
diverse workforces, and avoid
the capital project mistakes of
the past. It also requires them
to make technology a strategic
priority by acknowledging its
role as an enabler across every
facet of their business.

In Tracking the trends 2019,
our eleventh annual edition,
Deloitte’s global mining
professionals once again
draw on their knowledge and
experience to provide mining
companies with insights they
can leverage in their ongoing
pursuit of productivity,
capital discipline, strategy
development, and sustainable
growth. In addition to sharing
real-world case studies and
best practice examples,

our professionals identify
potential industry disruptors
that may be coming “from left
field”. As ever, we welcome
your input and feedback

and remain deeply grateful
for your years of support.

“To thrive into the future, mining companies will need to challenge
the status quo—and the only way to do this is by soliciting a
diversity of opinions and taking the risk to do things differently
The fourth industrial revolution represents a new era of business
that can only be harnessed by leaders who have the courage of

their conviction.”

Glenn lves

Americas Mining & Metals Leader

Deloitte Canada
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Rethinking

mining strategy

Embedding the discipline to deliver
measurable value across the cycle

In the not-so-distant past,
mining companies, large and
small, typically anchored
their strategic planning
around producing the
highest volumes of ore at

the lowest possible cost. In
the process, the concept of
“low cost operations” was
recalibrated—becoming

a function of prevailing
commodity prices rather than
a relentless focus on radically
shifting the cost base. By
now, everyone is familiar with
the result of this approach:
the drive to build ever-larger
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mines in pursuit of superior
returns, underpinned by the
expectation of constantly-rising
commodity prices. This led to
large amounts of debt being
incurred to fund these projects
with significant write-offs.

Although that bubble has

long since burst, many mining
companies are still grappling
with its strategic legacy. In
essence, they have not yet
sufficiently broadened their
strategic outlook to take a
range of critical industry shifts
into account.

Hearing voices

Yet the industry is in fact
shifting, in ways that many
executives never anticipated.

Consider, for instance,

the rising voices from a
consumer contingent that has
historically been silent. Unlike
retailers, telecommunications
companies, or other consumer-
facing businesses, mining
companies have never truly
answered to the broader
“public”. That's now changing
as users of smart phones
(which contain more than 62



different metals') and drivers of
electric vehicles (EVs)—which
rely on increasingly in-demand
commodities such as lithium,
graphite, cobalt, copper,
titanium, aluminum, nickel, and
manganese’—start questioning
whether the metals and
minerals in their end-products
have been ethically sourced.

Consumers are not the only
stakeholders irrevocably
altering industry dynamics.
Governments and communities
have also become more

vocal over the years. Both
governments and communities
have the power to delay or
even shut down projects if
their needs are not adequately
addressed. As a result,
corporate social responsibility
(CSR) initiatives, which were
once approached as mere
compliance exercises, are now
morphing into stakeholder
engagement programs, and
social license to operate

is becoming a pivotal

strategic issue that will either
differentiate mining companies
or derail them.

May the best asset win

A similar strategic struggle is
taking place at the portfolio level
as mining companies attempt
to select the “best” assets. The
trouble is that, while certain
assets look good on paper, their
return profile is compromised
in practice. A case in point are
world class ore bodies located
in politically risky geographic
regions, where government
demands are taking the form

of higher royalties, resource
taxes, growing requirements
for local beneficiation, and

even reclassification of key
commoadities as “strategic”.

An equivalent challenge exists in
regions where key inputs, such
as energy and water, are scarce.
Energy alone can account for
up to 30 percent of a mine’s
total cash operating costs, when
the consumption of grid power,
diesel, liquid natural gas (LNG),
and compressed natural gas
(CNG) are taken into account.?
At the same time, global capital
expenditure on water and
wastewater by the mining
industry is expected to rise

Strategic thinking in action
In a bid to structure asset portfolios geared towards changing market demands, several
diversified miners are making bold investment, and divestment, decisions. In March 2018,
Rio Tinto completed its exit from coal® and has since been looking into bulking up on

Trend 1: Rethinking mining strategy

by 23.5 percent, to

US$1.64 billion by 2019.4
Hindered by fluctuating
energy prices and the difficulty
of placing a true value on
water, mining companies
must continually readjust

the relative value of their
individual assets—especially
where their carbon and water
footprints vary from mine to
mine and region to region.
The strategic implications of
this cannot be underplayed.

Making complex choices

In fact, looking at these factors
alone—consumer awareness,
social license to operate,
geographic risk, and access to
input commodities—it becomes
clear that mining companies
must take an ever-expanding
range of issues into account
when setting corporate
strategy if they hope to create
competitive portfolios robust
enough to generate value
across multiple scenarios.

This is especially critical as the
industry shifts into a new stage
of growth.

copper, where high demand is anticipated due to its use by the EV and renewable energy
industries.® Barrick in its merger with Randgold, has pivoted its portfolio towards tier one
assets defined as low cost assets producing more than 500,000 ounces, with more than

10 years of life.”
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It's time for management teams and boards to put their portfolios to the test by asking some
hard questions:

Are we relentlessly

focused on ensuring

the cost competitiveness

of our assets? To what extent
are we embracing digital
technologies to control costs?

Are we the best owners for
these particular assets?
Can we prove that our
portfolio of assets creates
more value in our hands
than it would in someone
else's hands?

Are we thinking about the
future of mining? Can we
identify ways to generate
returns more quickly or
respond with more agility to
shifting demand factors?

Is our portfolio robust
enough to withstand the
complex array of industry,
community, and government
risks we face?

Strategic thinking in action

Do we have a response plan
and contingent scenarios
should the regulatory
environment alter?

Do we have a sufficiently
differentiated strategy
that describes how we
create value for each of
our stakeholder groups,
such as our investors,
customers, communities,
and governments? Why
would a stakeholder group
align with us rather than with
a competitor?

Can we consistently and
optimally operate our mines,
while adopting necessary
local variations? Or does our
model resultin a different
operating model for each of
our mines?

How actionable is our
strategy? Have we delineated
consistent actions to create
value across each operating
division? Or, is our strategy
confined to the level

of aspiration?

How confident are we in

our underlying life of mine
models? Are our models
static and based on imperfect
assumptions? Or, are they
sufficiently dynamic to

take commodity, grade,

and ore body fluctuations
into account?

How are we planning to
rehabilitate our assets,

and how clearly is this
articulated in the market with
our stakeholders?

Dundee Precious Metals, a Canadian-based gold mining company, acquired a majority
interest in MineRP and combined it with Terrative Digital Solutions, a division of Dundee
Precious Metals, to create a leading technology provider that is well positioned to

further capitalize on rapidly growing demand for digital innovation and integrated
technical mining solutions within the mining sector.® Goldcorp has partnered with other
mining companies to run a series of hackathons called Disrupt Mining, designed to both
solve mining challenges and spur the growth of an innovation ecosystem within the
mining sector.®




Delivering on the promise

In rethinking mining strategy, it
is also important to recall that
while value is created at the
portfolio or asset configuration
level, itis only delivered

through rigorous operating

and capital discipline. Although
exceptions exist, the industry
has traditionally lacked the tools
and capabilities required to
sustainably improve productivity
and capital efficiency per unit of
output. Without a super cycle to
lift performance, value must be
found internally.

Notably, some mining
companies are taking steps

to reposition for the future

by revisiting their underlying
business models and making
new strategic investments. While
it remains to be seen whether
those moves will be sufficiently
far-reaching or radical, one
thing is clear: management
teams serious about long-
term value creation must put
strategy at the heart of their
board-level conversations.

Trend 1: Rethinking mining strategy

“When done well, strategic planning cycles
consider a range of issues in addition to
producing at lowest cost, including the role of
individual assets in the portfolio, the path to
value creation, the balance between risk and
return, and how the company is differentiating
itself in the eyes of its stakeholders. These
key choices should ultimately drive a mining
company’s investment allocation strategy,
the partnerships it creates, and the kinds of
capabilities it decides to build.”

Andrew Swart
Global Mining & Metals Consulting Leader
Deloitte Canada
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L eading strategies in focus

Use data to drive strategy
Intuition only goes so far in
setting strategic priorities.
That’s why mining companies
must rely on data to mitigate
unanticipated risks and

overcome longstanding biases.

From a strategic planning
perspective, this means

using data to answer causal
questions designed to align
the management team on the
issues it must tackle. Reliance
on data to drive strategy also
allows companies to shorten
the strategic planning cycle
and set up feedback loops
between geological planning
and financial planning,
reducing project risks at a time
when many miners are looking
to expand their capital spend.

Put strategy to the

stress test

In an age of disruption,
mining companies that fail to
expose weaknesses in their
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strategy will be at particular
risk. To close strategic gaps,
companies should stress test
their strategy by clarifying
their understanding of their
most coveted customer
segments, their stakeholder
value proposition, their key
performance metrics, and their
risk tolerances. Take some
time to answer the questions
posed on the previous page to
surface any issues that should
be considered.

Consider a range

of scenarios

Scenario planning, enhanced
with artificial intelligence
(Al), can give executives a
structured way to consider

a range of unpredictable
futures, equipping them
with information they can
use to make more flexible
strategic choices. This makes
it particularly useful to mining
companies eager to test the

robustness of their portfolio
strategy using Al to consider
and monitor multiple market
signals. By evaluating multiple
scenarios, on both the upside
and downside, companies
will generally make smarter
funding, asset allocation,

and investment decisions,
particularly if scenario
planning is conducted as a
continual practice.



Trend 1: Rethinking mining strategy

From left field

Tokenization

Tokenization involves converting rights to an asset into
a digital token on a blockchain—and it's already making
inroads into the mining sector. Goldcorp has begun

to use blockchain to make direct sales to dealers and
banks,"® disrupting the downstream value chain. In
theory, any asset with ownership (e.g., equities, debt,
real estate or commodities) can, and will be tokenized,
raising the prospect of a future where complete mines
or smaller units are tokenized, enabling them to be
traded, and boosting liquidity for miners, far in advance
of actual production.

Mining as a service
The past few years have been characterized by
traditionally asset-intensive businesses transitioning
towards more service-like models (e.g., taxis). Is there a
version for mining where companies sell their technical
know-how and data as a service rather than owning the
underlying assets and infrastructure?
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The frontier
of analytics and
artificial intelligence

Moving up the maturity curve

Industry 4.0 and the increased
connectivity between the
physical and digital worlds,
represent opportunities to
explore massive amounts

of information, do it quickly,
and distribute knowledge
wherever it needs to go. Yet,
as information floods into
businesses, data volumes
are going through the roof.
Every day, the world creates
2.5 quintillion bytes of data,"
ranging from structured data
to more truculent forms of
unstructured data from sources
such as video, photographs,
and text. These shifts are
not only driving operational
improvements, they are also
changing expectations for
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adding insight, and raising
analytical challenges many
organizations are unprepared
for, both from a technology and
talent perspective.

Mining organizations have
started tackling this challenge.
They are exploring and investing
in analytics and Al in a bid to
leverage the data they generate
and use it to sharpen planning
and decision-making across the
mining value chain—to improve
safety, increase productivity,
reduce cost, or enhance the
employee experience.

VYet, despite these
improvements, there is still
a long way to go.

As mining organizations seek to
enhance their analytics and Al
maturity, they are asking three
key questions:

+ What are the global trends
in other industries, and how
are they relevant for us?

+ What are the specific use
cases in mining, and what
value do they deliver?

+ Where should we focus our
investment, and how do we
approach the work?



Global trends: Three horizons of Al

Al can be simply defined as machines performing
tasks that require human intelligence. As we
enter an era where intelligent machines work
with humans, rather than replacing them, three
horizons of Al are emerging (see figure 1).

Figure 1: Three horizons of Al

Horizon

Horizon
1

@ Augmented intelligence:

Assisted intelligence:

Required human assistance
and interpretation

(e.g., Robotic process automation)

Source: Deloitte Analytics and Cognitive practice

But first, some definitions:

Machine learning augments
human decisions

Trend 2: The frontier of analytics and artificial intelligence

To date, most organizations are working in
Horizon 1, where machine intelligence requires
human assistance and interpretation (e.g., robotic
process automation). Yet leaders in this space

are moving towards Horizon 2, where machine
learning is used to augment human decisions and
drive cognitive insights.

Horizon
3

o

Autonomous intelligence:

Al decides and executes
autonomously

(e.g., Fully autonomous vehicles)

(e.g., Intelligent automation,
cognitive insights)

- Artificial intelligence (Al)—machines performing tasks that require human intelligence,
where data interacts with analytic algorithms. Examples: understanding language, decision

making, learning and problem solving.

. Machine learning—an approach to building Al that involves “training” algorithms with large
volumes of data which evolve the algorithm without it needing to be explicitly programmed.

Examples: clustering and segmentation.

- Deep learning—a machine learning technique where “learning” algorithms use deep
neural networks that mimic the brain’s ability to respond to varied stimuli. Examples: image
recognition and voice recognition.

- Natural language processing—machines that extract or generate meaning and intent from
text in a readable, stylistically natural, and grammatically correct form. Examples: translation

software and virtual digital assistants.
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To move up the analytics
maturity curve into Horizons 2
and 3, organizations must

gain the ability to answer
progressively more complex
questions. The first is “what
happened?” and, because it relies
on retrospective data analysis,

it tends to be the easiest

to answer.

The second is “why did those
things happen?” and allows
organizations to identify root
causes—for example, to

assess why production fell off
during a particular shift, day,

or week; why safety incidents
spiked; or why environmental
performance slipped (was it
operator inefficiency? time of
day? weather-related? something
else?). To answer the “why”
question, mining companies
must be able to integrate
multiple and typically, disparate
data sets to identify the internal
and external levers that
influence these outcomes.

Figure 2: From descriptive to prescriptive analytics
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Descriptive analytics
Encompasses statistical methods
to understand the trends and
patterns in the data.

Predictive analytics

Employs machine learning

algorithms to learn from the patterns
in the data and forecast future trends.

Prescriptive analytics

Embeds the predictive models into
an organization's analytics layer

to enable decision support.

Only with this foundation in
place can organizations answer
the third question: “what will
happen?” This is the key that
empowers organizations to
predict variability, mitigate
emerging risks, and manage
stakeholder expectations.

Itis also the springboard
organizations can use to move
from predictive analytics

to prescriptive analytics,
positioning them to answer the
"how" question (see figure 2).



Analytics in action:
Mining use cases

To see what type of value or
business outcomes analytics
and Al can deliver, and which
processes across the value
chain they can affect, it's
helpful to review several
mining-specific use cases.

Mining operations

Using machine learning to
optimize blasting operations
Processing plants need to
be set up to deal with the
high variability in the size

of fragments created from
blasting, and consistent
fragment sizes enable more
efficient processing. A drill
and blast operator used
machine learning to identify
geologic similarities with
previously blasted deposits
and the results of those
blasting operations, allowing
classification of rock mass
to be improved to optimize
blast design and achieve a
more consistent particle size
distribution. This greater
consistency enabled more
efficient plant operation,
increased capacity, and
reduced operating costs.

Using machine learning and
loT to manage haul truck
movements

A global miner's haul trucks
that operate within the

pit were often observed
queuing at the crusher

and shovels. Analysis of
truck fleet data revealed an
uneven distribution of haul

Trend 2: The frontier of analytics and artificial intelligence

trucks between shovels.
This resulted in longer cycle
times and truck bunching.
Through the adoption

of machine learning and
Internet of Things (loT),
truck cycle efficiency was
improved, resulting in
greater capital utilization
and increased annual
material movement.

Processing

Using prescriptive modelling
to optimize process plants
Process plants require
constant operational
adjustments to maintain
steady process performance
and quality output given
varying inputs. Deloitte
has worked with several
resource companies to
build prescriptive models
that optimize a range of
process plant activities—
including predicting input
ore quality, recipe selection,
operational set points, and
process outputs. Operating
plants optimally also leads
to reduced downtime

and improved equipment
utilization. Across various
projects, observed results
have included reduction

in unplanned stoppages,
accuracy improvement in
input grade prediction,
reduced variance in
production output and
processing time, increased
throughput rates and
processing yields, and
energy cost reductions.

Maintenance

Using real-time monitoring
and machine learning for
maintenance planning

A major miner mounted

a camera on its trains to
monitor its railway tracks’
condition in real time. By
uploading these video
images to the cloud and
using machine learning

to analyze this constantly
changing data, the company
can now generate daily
reports on the status of its
train tracks, allowing it to
both fix immediate issues
and schedule preventative
maintenance in advance of
potential breakdowns.

Using machine learning to
predict car dumper faults by
anomalous behavior

At port, the ore unloading
process is carried out by
car dumpers. For one
major mining organization,
the clamps represented
one of the biggest failure
modes of the car dumpers.
Hydraulic unit failures were
directly associated since
the clamps are hydraulically
actuated. The low and

high pressure bands that
increased the probability
of mechanical, hydraulic,
and electrical failures

were identified, allowing
models to be built to detect
pressure anomalies and
generate alerts, reducing
unscheduled equipment
delays and increasing
production capacity.
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Using advanced analytics to
identify patterns in safety
data and gain insights
Safety observations and
reports are typically
collected and stored in a
semi-structured way and are
then archived, while actions
based on root case analysis
typically only occur after
the accident has happened.
By applying advanced
analytics techniques to

a range of data sources,

it is possible to process
hundreds of thousands of
observations and detect
relevant patterns, leading
to more proactive safety
approaches. A major

global miner applied this
approach to its capital
projects—various data
sets, including rosters,

risk registers, and weather
patterns were identified,
sourced, and combined,
and a range of advanced
analytics techniques,
including machine learning
and predictive analytics,

were then leveraged to
identify patterns and gain
pertinent insights. The
analysis identified the
extent to which factors
such as the day of the week,
hours worked, or weather
conditions increased
likelihood of a safety
incident occurring.

Other use cases

Using wearable sensors and
machine learning to improve
workforce performance
ThoroughTec Simulation—a
global supplier of surface
and underground mining,
military, and construction
simulators—Ileverages
machine learning as part of
its workforce performance
analysis tool, which uses
wearable sensors to analyze
mine operator performance
in real time and generates
insights mine managers

can use to identify gaps in
operator capabilities and
adjust training to meet each
employee’s needs.”

Using machine learning

and neuro linguistic
programing (NLP) to auto-
classify tax deductibles

A global mining and metals
organization is now using
analytics to support its
income tax compliance
processes and enhance

its tax governance.

The analytics solution
automated transaction data
extraction, automatically
classified transactions for
income tax purposes, and
presented the analysis in an
easy to understand visual
format that could be easily
interrogated and adjusted.
By using machine learning
to mimic human cognition,
the digital tax solution
automatically classifies 97
percent of transactions
with a high level of
accuracy. The solution
does the hard, repetitive
work, freeing up time for
the tax teams to focus on
higher value activities.




As mining companies move up
the analytics and Al maturity
ladder, success will hinge on
their capacity to:

- Think big: establish a clear
vision and strategy, driven by
desired business outcomes;

- Start small: design and deliver
in rapid agile sprints, starting
with a minimum viable product
or solution; and

- Scale fast: rapidly scale up
successful projects that have
demonstrated value (and kill-
off those that don't), and focus
on embedding the change
operationally.

Paul Klein
Consulting Partner
Deloitte Australia

Trend 2: The frontier of analytics and artificial intelligence

Another important
consideration for all
organizations embarking

on digital transformation is
the “talent crunch”. We are
observing talent models
increasingly tilting toward data
science and business partnering
skills. As companies seek to
upgrade their workforces in

all areas, they are placing a
premium on people who have
relationship and analytical
skills, combined with an
understanding of the business.
Many organizations do not
have the right people in place
to make this shift. Training

and development can help,
but the need to recruit for

new skills is taking on urgency,
and new approaches will be
needed in talent attraction
and development, and
organizational planning.

After selecting the right use
cases, and considering the
talentissues, there are several
strategies described below
which will help organizations
“think big, start small and scale
fast”. The key is to get on with
solving real problems and
delivering value as quickly as
possible, while keeping the big
picture in mind.
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L eading strategies in focus

Integrate and evolve
Increasing analytics maturity
requires greater integration
of data from multiple sources,
and delivery of end-to-end
planning and decision-making
solutions that span multiple
processes and operations.
This ultimately requires

a data and infrastructure
platform with the ability

to capture consistently
sourced and reliable data, the
responsiveness to support

a complex network of data
flows—including internal and
external data available in both
structured and unstructured
formats—and the scalability
to enable deep-dive analytics
across large data sets, while
still evolving in tandem with
business needs. Although it is
necessary to have a big picture
to work towards, it is better

to build the foundational data
and infrastructure platforms
in an evolutionary way while
delivering specific use cases,
rather than trying to build it
all up-front. Legacy attempts
to do the latter which can take
too long to deliver value.

Leverage next-gen

ERP systems

The big picture referred to
above should also take into
account the current state
and future migration path
of back-office systems,
including the move towards
cloud-based ERP solutions
and in-memory computing.
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The latest generation of
these ERP systems now
offer increased reporting
and analytics capabilities,
and the integration of ERP
and non-ERP data will be a
critical consideration in the
delivery of more mature
analytics solutions.

Embed the change

The successful adoption

of more mature analytics
capabilities requires top-
down leadership support if
changes are to be embedded
in operational processes.
Equally important is buy-

in from operational and
functional people whose
roles will be affected—they
need to be sufficiently
involved and engaged in the
delivery of the solution to
understand and believe in
the benefits of the change.

Create a virtuous circle

To build analytics maturity,

it makes sense to roll out
analytics initiatives in a way
that develops capabilities
within the organization. Use
cases can be selected to
leverage and enhance internal
skillsets—supplemented by
specialist external expertise
where necessary—so that,
over time, the company gains
the capacity to execute on
progressively wider-ranging
and more complex initiatives.



Trend 2: The frontier of analytics and artificial intelligence

From left field

Imagine a future where mining companies can
identify ore bodies in greenfield and/or remote areas
without access to pre-existing geological data. Thanks
to the power of Al, that future is here. EARTH Al uses

machine learning to analyze geophysical data to
identify unexplored mineralization opportunities in
Australia. Since April 2018, it has discovered 18 new
greenfield prospects with significant copper, zinc,
lead, and vanadium mineralization."

17
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Managing risk
in the digital era

Exploring a new approach to
controls and risk management

Risk. It's rare that four letters
can embody a spectrum of
such unpredictable and sudden
shifts. Yet these are precisely
the conditions that prevail in
today’s mining industry, where
the current risk landscape is
characterized by mounting
tariffs and sanctions, potential
trade wars, cyber threats
arising from unexpected attack
vectors such as equipment
sensors, uncertain tax and
royalty regimes, rising input
costs, heightened scrutiny from
the investment community,
environmental disasters and
infrastructure breakdowns that
can result in mine shutdowns,
public protest spurred by viral
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social media campaigns, and
the geopolitical perils that
come with operating in less
stable regions.

In just a rough sampling, recent
months have seen the U.S.
impose tariffs on US$200 billion
of Chinese goods, including
bismuth, titanium, and

cobalt;"™ increased royalties
imposed on copper, gold,

and cobalt, which has been
declared a strategic metal by
the Democratic Republic of
Congo;'® the introduction of two
new laws in Tanzania asserting
the government’s “permanent
sovereignty” over its natural
resources;'” and audits by

the Zambian government

of the past six years of
mining company financial
statements, resulting in First
Quantum Minerals receiving
a controversial US$7.9 billion
tax bill.'®

The velocity of risk further
complicates matters. An
interconnected global
economy means risks are
rarely confined to national
borders, mandating a rapid
and coordinated response.

Despite this, many mining
companies continue to address
risk as a tractable concern,
using risk registers to rank risks



from high to medium to low,
taking a compliance-based
approach to risk assessment,
using cyclical three-year plans
to identify trouble spots,

and relegating internal audit
to a mere policing function
responsible for risk assurance
rather than the anticipation of
emerging risks.

The danger here is obvious.
Risks unidentified are risks
unmanaged, leaving exposures
that could compromise

a company’s financial
performance, health and safety
record, and social license to
operate. It doesn't help that
many risks were inconceivable
just a few short years ago. For
example, a mining company
that decides to enhance
transparency by providing real-
time results on its emissions
data might find itself at risk of
having that data manipulated
by malicious parties. Similarly,
the prospect that automated
equipment, from vehicles to air
vents, could be hacked raises
risks that are all too real.

A new value proposition

To stem this tide, it's time for
mining companies to take their
cue from organizations that
take a more holistic view of
risk. Increasingly, these leaders
are moving towards the next
generation of internal audit,
Internal Audit 3.0.

As with any useful new release
of an operating system or
application, Internal Audit

3.0 offers new features and
functionality, and retains the
best of past versions. Internal
Audit 1.0 was marked by the
founding of the Institute of
Internal Auditors in 1941.
Internal Audit 2.0 grew from the
impact of Sarbanes Oxley on
the accounting profession.

Internal Audit 3.0 is being
shaped by a range of other
drivers, including the speed

at which organizations are

now expected to evolve and
innovate as we enter the fourth
industrial revolution. This
greater pressure to create and
deliver value compels internal
audit to adopt a new vision of its
role, one centered not only on
delivering assurance and advice,
but also on anticipating risks
and helping the business craft
preventative responses.

Trend 3: Managing risk in the digital era

At the heart of this next
generation of internal audit and
risk, lies analytics and a range of
Al 'and cognitive tools that are
now available and accessible to
mining companies.

Rather than use people to
perform audits on a rotational
basis, internal audit firms
can now use digital assets,
such as analytics, robotic
process automation (RPA),
and Al. Core assurance can
additionally be automated
and non-conformance
identified where controls
can be flagged in real time.

With unparalleled access to
enterprise-wide information
and growing capabilities to use
external data, management
and boards should use these
tools to anticipate risks, moving
firms from a backward-looking
view that reports on what
went wrong to a forward-
looking function that prompts
awareness of what could

go wrong, and what to do
about it, before it happens.
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The complexity of geographic, Ultimately, this approach should
regulatory, environmental, help mining companies address
operational and compliance risk at an enterprise-wide level,
risks have never been greater. rather than assessing isolated
While temptation on the risks at the functional or mine
part of management is to site level, and allows companies
add additional cost to their to develop appropriate
overhead structures, it is controls to both mitigate
important that the digital and manage the expanding
trend that is taking hold in the array of risks they face.

operations of mines is extended
into the back-office, and the

use of analytical and Al tools
are embraced to re-invent how
mining companies manage risk.

“In today’s broadened risk landscape, where
traditional assurances around risk are no longer
effective, boards, investors, and communities expect
mining companies to have a forward-looking view

on risk. Rather than simply defining risks, companies
should revisit their approach to risk management to
ensure that all lines of defense are empowered to
manage risk on their behalf”

Sandeep Verma
Global Mining & Metals
Risk Advisory Leader
Deloitte US
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Leading strategies in focus

See the future

Leading organizations
increasingly rely on risk
sensing platforms to monitor
risk indicators based on
internal and/or external

data. For example, many
organizations monitor social
media for customer sentiment
and reputational risks, or
newsfeeds and regulatory
filings, and apply analytics

to identify themes and

trends. Industrial companies
monitor central bank policies
to anticipate interest rate
movements. Others look for
financial, operational, or cyber
trends. Risk sensing, which
combines advanced analytics
with human judgment,
provides a panoramic view of
risk, extending well beyond
traditional risk registers of
identified risks. It focuses on
emerging, often unknown,
risks to enable anticipation of
issues, as well as real-time and
continuous risk assessment.

Reduce the level of
unknown unknowns

Risk learning, or cognitive risk
anticipation, applies analytics
to risk events to tease out
causal relationships. If a risk
event occurs, analysts can
examine what else occurred
before, during, and after

the event. Over time, by
applying pattern recognition
and root cause analysis to a
growing database of events
and factors, the organization
can isolate correlations,
sequences of events, and

causes and effects. This allows
management to take proactive
steps to avoid or mitigate

risk events, while positioning
internal audit to conduct
proactive assurance work
related to those steps.

Raise accountability

One way to link risk
management to real-world
controls is by making
management and the board
directly accountable for

risk assessment. This could
take the form of asking
management for a signed
declaration, similar to financial
statement certifications,
providing assurance that
appropriate systems and
controls are in place to
mitigate specified risks. While
this represents a major shift in
how executives and the board
think about risk management,
it makes the process real in a
way that mere reliance on an
enterprise risk management
(ERM) system does not.

Skill up

To effect true change, internal
audit functions need, what we
call‘purple people’—people
with a mix of business and
technology skills that allow
them to understand new
cognitive technologiesin a
business context. They may
also need access to polymaths,
experts who can ask the

right questions, understand
stakeholder needs, and
embrace new ways to

provide assurance.

Organizations struggling to
attract this caliber of talent
may want to borrow internal
audit staff, source subject
matter experts for specific
engagements, or even co-
source or fully outsource their
internal audit function.

Go outside

Risk registers are often
developed at the operating
level, which raises risks of its
own. Often, operators either
do not or cannot provide an
objective view of prevailing
risks, due to ingrained biases
or the role they personally
played in adopting less-than-
effective controls. To overcome
this challenge, consider
asking external auditors or
risk advisors to conduct an
independent risk assessment.

Learn to share

Within mining organizations,
risk management expertise
tends to be dispersed across
functions and geographic
locations. To strengthen their
risk management culture and
better mitigate common risks,
companies should aim to share
lessons learned and leading
practices across mine sites.
This cultural shift is key.
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Digitizing the
supply chain

Why innovation

requires integration

Conversations around the
fourth industrial revolution, or
Industry 4.0, revolve around
the ways in which physical and
digital technologies—such

as analytics, Al, cognitive
technologies, robotics, cloud
computing, and the loT—are
combining to create digital
enterprises that are both
interconnected and capable
of more informed decision-
making. To harness the
power of this shift, however,
organizations must determine
precisely where to invest to
maximize their returns. One
area ripe for transformation is
the mining supply chain.
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A haphazard approach
Unlike industries such as
manufacturing and automotive,
the mining sector still lags

in its efforts to digitize the
supply chain. Despite the
challenges associated with
accessing critical materials
and equipment, particularly

in remote locations, mining
companies rarely approach
their mine site planning, asset
maintenance, and materials
processing and transport in an
integrated fashion.

Although many companies
have begun digitizing discrete
pieces of equipment—such

as their trucks or trains—they
have not extended these
efforts across the entire supply
chain, from pit to port. As a
result, the data they generate
from the technology they have
installed exists in a vacuum—
hampering their capacity to
generate true insights that
could otherwise enable them to
reduce inventory costs through
just-in-time procurement,
enhance asset utilization rates,
and improve their production
outcomes by making their EPC
relationships more dynamic
and responsive.



In essence, a supply chain
paradox exists. Although most
mining executives agree that
the supply chain is a top priority
for digital transformation
investments, supply chain
leaders are generally not
consulted when it comes to
making decisions about those
investments. As a result,
supply chain improvements
remain incremental rather than
delivering innovations designed
to optimize mining operations.

The digital supply network
To create a more interconnected
and responsive supply chain,
mining companies need to

stop thinking in linear terms
and imagine instead a circular
system that we call the digital
supply network (DSN). The
distinguishing characteristic
of a DSN is that it is capable
of integrating information
from a wide variety of sources
(e.g., IT/OT sensors, GPS data,
wearables, core operations
data, partnership data) to
predict specific outcomes—
such as equipment wear and
tear, shifting demand signals,

operator behavior patterns, or

inventory levels.

Armed with this data, companies

can make more informed

Trend 4: Digitizing the supply chain

decisions about how to
streamline their supply chains
by investing in targeted physical
technologies like robotics,
drones, additive manufacturing,
and autonomous vehicles. It's a
virtuous loop, one that employs
real-time data to accelerate
decision-making, enhance
transparency, and enable
collaboration across the entire
supply network.

Figure 3: Shift from traditional supply chain to digital supply network
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As figure 3 shows, digital is at
the core of the interconnected
lattice of the DSN model. There
is potential for interactions

from each node to every other
point of the network, making
communication multidirectional.
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The digital supply network in action
To reduce costs and enhance supply chain agility, EasyJet employs augmented reality smart
glasses to enable two-way communication between its network of remote maintenance

technicians and its central engineering team. Virtual step-by-step walkthroughs in real
time enable technicians to effectively perform complex maintenance tasks and reduce
downtime. Easy]et also uses drones to perform efficient and immediate visual safety
inspections of the exteriors of its plane bodies, reducing the time the plane is out of
service, how much hangar space is required, and the amount of inspection labor."

The last mile

To enable this multidirectional
communication, the flow of
information across the nodes
of the supply network must
occur through an iterative
series of three steps, known
as the physical-digital-physical
(PDP) loop. In a nutshell,
here’s how it works:

First, information is captured

in the physical world—through
ERP or CRM systems, or even
email—to create a digital record.
Next, that data is analyzed to
draw meaningful insights. Finally,
those insights are used to spur
action in the physical world. The
result is a more flexible system

capable of adapting to and
learning from changes to the
environment (see figure 4).

Although most mining
companies have the first stage
of the PDP loop in place, and
many have the second, far fewer
are yet able to harness the last,
most important stage—the
ability to act on the data they
have analyzed. In fact, some
research shows that miners
may use less than one percent
of the data they collect from
their equipment.®

Before the industry can use the
supply network to fuel growth,
rather than merely driving

incremental improvements, a
cultural shift must take place—
one that empowers executives
to make decisions by relying on
data outputs rather than on gut
experience. This is ultimately the
nirvana of the DSN—the ability
to leverage advanced algorithms,
Al, and machine learning to

turn data into insights that

allow companies to reduce

their capital expenditures,
respond to changing project
requirements on the fly, and
optimize mine planning to
integrate real-time changes.

“The mining sector is at the earliest stages of building a digital supply
network—which is both a risk and an opportunity. Those organizations
that crack the code around fully interlinking their supply chains can do
more than break down operational silos. They can also gain the end-to-end
visibility they need to enhance their asset utilization, operational efficiency,
and productivity—realizing hard dollar savings as a result.”

Kevin Xu
Mining & Metals Leader
Deloitte China
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Figure 4: The physical-digital-physical loop
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The digital supply network in action
To gain an integrated view of its entire operation, Australian iron ore miner Roy Hill
implemented an loT-based platform that streamlines its demand chain planning,

inventory tracking, quality management, and capacity simulation. By interconnecting
its systems across pit, port, and rail, the company has optimized the flow of parts,
contractors, and equipment to maximize availability and improve supply chain
performance. It also centralized its maintenance planning and engineering services, and
brought all its supply system functions together—vastly enhancing collaboration across
its extended enterprise.?'
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Leading strategies in focus

Think big

Often the first step in
transforming a supply chain
into a DSN is understanding
what drives the need to
differentiate. This positions
organizations to examine
the supply chain applications
best suited to their business
objectives. The key here

is to understand the art

of the possible before
determining how to build

the digital maturity required
to reach the organization'’s
goals. It can be useful in

this regard to build a digital
committee, foundry, or factory
responsible for defining the
organization'’s data acquisition
approach, core platform,
and project milestones.
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Start small

To make the transition to DSNs
manageable and realistic, it
often makes sense to start
with smaller stakes, where
strategies can be tested and
refined with relatively fewer
consequences. Selecting
projects at the “edges”

of the organization can
provide greater latitude for
building DSN capabilities.

Close the PDP loop

The true power of a

DSN comes from its

capacity to integrate data
generated across all areas

of the enterprise—from
geographically dispersed mine
sites to back office functions
to the executive suite.

Although this may require
additional investment in digital
technologies, many companies
can likely leverage the tools
already at their disposal—such
as loT data collection, ERP
systems, social media listening,
and predictive modeling. To
maximize their return on
investment, organizations
may want to first build on
these existing capabilities so
they can identify areas where
targeted investments are

truly required.






Tracking the trends 2019

Driving sustainable
shared social

outcomes

Finding value beyond compliance

For several years, we have
featured variants of this trend
in this publication. In the past,
we have highlighted the need
for companies to put their
Corporate Social Responsibility
(CSR) efforts at the heart of
their strategy, we raised the
need for different engagement
models and we have spoken
about the holistic nature of
the resources that need to be
optimized in relation to the
community. This year we focus
on the need for the creation
of shared value, a concept that
has been around for a while,
but one which has yet to be

embraced by the wider industry.
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Mining companies have long
recognized the imperative
of earning a social license

to operate. To gain the trust
of local communities in
regions around the world,
companies have invested
billions of dollars building
local schools, hospitals, and
infrastructure, and supporting
communities through local

procurement and employment.

Yet recent years have amply
demonstrated that these
investments frequently fail
to yield their desired results.
In many regions across both
developed and developing

economies, local communities
remain vehemently opposed
to mining activities, and
continue to demonstrate their
opposition through refusals to
negotiate, lockouts, protests,
and outright violence.

Clearly, there is a disconnect
here, which may stem from
miners’ historical approach to
corporate social responsibility.
The issue? Until recently,
mining company social spend
has been seen as a cost of
compliance, rather than a way
to deliver measurable and
sustainable benefits to host
countries and communities.



If mining companies hope to
drive different social outcomes,
that dynamic has to change.

The rise of the social
enterprise

This profound shift is not
confined to the mining sector.
Today, organizations across
industries are being assessed
on metrics that extend far
beyond financial performance.
Rather, they are being judged on
the basis of their relationships
with their workers, customers,
communities, and regulators—

as well as their impact on society

at large—transforming them
from business enterprises
into social enterprises.

A social enterprise is an
organization whose mission
combines revenue growth and
profit-making with the need
to respect and supportits
environment and stakeholder
network. This may sound like
altruism, but it's not. Mining
companies that fail to live up
to these expectations not
only stand to lose their social

Shared value in action

Trend 5: Driving sustainable shared social outcomes

license to operate, but expose
themselves to financial risks as
well. In fact, operating delays
caused by social conflicts can
cost mining companies more
than US$20 million per week.??
Conversely, mining companies
that enter community

benefits agreements—in
which communities consent
to new investments in return
for tangible benefits, such as
revenue sharing—can see their
market value double under
certain conditions.??

Common ground

Yet finding value beyond
compliance is no easy task. It
requires miners to listen more
closely to their constituents to
determine what stakeholders
truly want, and then to shift
their operational processes in
response. Rather than trying
to "buy” a social license to
operate through community
investments, for instance,
mining companies may need to
integrate local manufacturers
into their supply chains or alter
their water use policies.

They will also need to take steps
to help sustain community value
beyond a mine’s closure. The
approaches adopted to make
this happen will necessarily
vary from region to region.
Some best practices include
educating local communities on
health-related issues so they
can reduce the incidence of
preventable illness and disease;
providing communities with
financial training to build viable
businesses; leveraging existing
infrastructure to create new
economic activity and reskilling
local workers in alternative
industries, such as agricultural
production, which can help
them thrive once local mines
shut down.

Acknowledging that mining companies are frequently perceived by communities as
being part of the problem, not part of the solution, Rio Tinto recently announced plans
to reshape its image. Through a series of local campaigns, the company is working

to tell a more compelling narrative about its contribution to society in recognition of
the fact that miners cannot secure a future without strong community support.? The
company is already taking action to stand by this commitment, becoming the first
major mining company to support the public disclosure by host governments of their
mining contracts.®

29



Tracking the trends 2019

A new age of collaboration interactions with government.
To deliver on the social breadth For instance, rather than

of these programs, mining lobbying local governments
companies cannot work in for favorable tax treatment,
isolation. Instead, they should mining companies may want
look for opportunities to to look at the tax incentives

collaborate by pooling resources  governments already offer
with other companies working in  to stimulate local activities—

the region. such as industrialization, job

creation, manufacturing, and
They should also aim to agriculture—and align their
strengthen their relationships investments to help meet these
with local governments and public sector priorities, giving
regulatory bodies. This may see  them an alternative route to
them change their traditional spur lasting social value.

Shared value in action

Deloitte conducted a study of six manganese and four iron ore mines in the Northern
Cape of South Africa, a region that struggles with high levels of youth unemployment
and low levels of education. While the mining companies were eager to address the
dire socio-economic conditions across the four municipalities where they work, the

effort was too great for a single-company mandate. Through collaboration, however,
the companies have gained the scale required to improve delivery success and increase
the impact of their programs, which has enabled them to start making strides towards
improving quality of life across the region by contributing to local job creation and
social upliftment.?
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The litmus test

Although these changing
expectations put greater
pressure on mining companies
to address s