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The shared objective of digital transformation in mining is to

improve processes that increase value through innove
end-user experiences that bring about efficiencies that can
improve safety and productivity in mining companies.

e

The advent of the fourth industrial revolution has presented an

opportunity for the mining industry, amongst other business imperatives,

to improve its cost-effectiveness and future competitiveness. African
mining companies manage unigque complexities whilst operating in the
context of ever-increasing global pressures. They face challenges of
profitability, volatile commmodity prices, tough regulations, and unstable
political environments. These challenges, which often result in high
operational costs, have had a negative impact on the mines’ profitability
and financial sustainability in recent years. Amidst this era of disruption,
emerging technologies offer enormous potential in solving some of the
business challenges that the African mining sector faces. Despite the
enormous potential that digital technologies offer, the rate of adoption
across the mining sector has been slow.
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The potential

of emerging
technologies can
only be realised if
the technologies are
adopted. Captured

value of digital
transformation

is dictated by
corporate culture
and organisational
structures.




About the Research

For our point of view, we followed an approach of desktop research, accompanied by a selection
of industry case studies and interviews conducted with five innovation and digital managers from
mining companies. Our findings pointed to three challenges that are stifling innovation in mining.

These challenges are insufficient funding towards research and development (R&D), misalignment
of interests and a shallow talent pool. Additionally, we found that mining companies in corporate
ventures work with start-ups that must navigate a challenging entrepreneurial landscape,
overcome intellectual property constraints, deal with limited access to funding and a shortage

of critical skills. We found that embracing open innovation could potentially benefit mining
companies by reducing costs, enhancing agility and offer a diverse talent pool.

The structure of the point of view begins with leading technology trends in the African
mining sector. Thereafter, it details the challenges experienced by innovation and digital
managers across five aspects of innovation. These aspects being research, corporate
venturing, open innovation, building an innovation mindset and scaling innovation.

Beyond Tech Trends : Embedding Innovation in Mining Organisations




sminingbeyencltech

Leaclihg Technelogy
rendsfinktheyAffikicaln
MINING Sectel?

T i
ey~




In order to remain
competitive and
ahead of the
curve, mining

companies have
to integrate
digitisation into
their business
operations.

Leading Technology Trends in the

African Mining Sector

Mining input costs have generally been rising by 10% and
increased to almost 12% near the end of 2021 Simultaneously,
profitability margins have been shrinking across the South
African mining industry. Considering this, amongst other
factors, mining companies have been turning to innovative
technologies to run more efficient operations.

In our research we examined five technology trends, a hybrid of emerging and
implemented technologies were selected. The implemented technologies are
demonstrated by four local case studies. This combination displays the shift
from trend to applied technology.

These technologies are:

O] 02 03

Internet of Things (IoT) Artificial Intelligence (Al Machine Learning (ML)

04 05

Digital Twin Metaverse
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Internet of Things (loT)

lIoT offers an

loT enables mining organisations to have a network of H
automated devices that can adjust to environmental °pp°rtun_|t_y
conditions in real time. This technology has found numerous for the m|n|ng
applications in the mining industry. -
Some of these applications include: |ndustry to
reduce costs
. Geofencing . Predictive maintenance - -
. Asset tracking . Emission and groundwater level Improve safety
. Remote diagnostics monitoring -
. Ventilation on demand systems After-blast monitoring and Streamllne
processing.
=
@ = 79% of surveyed organisations had implemented loT
¢ #_b - technology with 5% expected to implement it within 5 years
o E s - Minerals Council South Africa
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Leading Technology Trends in the African Mining Sector

Case Study: De Beers Marine South
Africa deploy geofencing loT technology

Marine South Africa installed and t@qt@d a
customised loT solution t) at prow(“led geo
enabled saf i
around heav ollle
MV Mafuta, which is « ntly the world's largest offshore
dmmond mining vesg@\
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Leading Technology Trends in the African Mining Sector

1 rapidly

ns in real time

Exxaro implemented an Al tool that
uses artificial intelligence to provide a
three-to-six-month preview of pricing
and stock.
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Leading Technology Trends in the African Mining Sector

Case Study: Rio Tinto’s
MAS technology
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Leading Technology Trends in the African Mining Sector

Machine Learning

ML is interconnected to Al as it focuses on the development MaCh_lne 1
and application of computer systems that can imitate how learning will
humans learn and adapt using algorithms and learning =
technigues such as deep learning. ML enables mining continue _to be
companies to have better insights into areas where humans valuable in the
have natural limitations. ==
mining sector,
especially
in mineral
exploration as
|@| 11% of surveyed mining organisations had implemented ML technology, ores deplete.
S 47% piloted and 21% of respondents planned to implement ML
‘.I B technology within 5 years i e 1 South Africa
= Minerals Council Sou! Tl
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Digital Twin

Digital twin technology allows mining

companies to simulate and operate a virtual

mine. Mining companies can experiment : E<

with parameters and gather insights without % o P ol : : o
harming operations. ) R = =4 A >

Nk S ) f
. R b
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Leading Technology Trends in the African Mining Sector sminingbeyenctech

Case Study: Digital twin solution
at Exxaro’s Grootegeluk plant

nodel
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The metaverse
offers great
value when

it comes to
training and

onboarding

new employees
especially in
potentially
hazardous areas.

Metaverse

The metaverse is a term coined to refer both to current and
future integrated digital platforms focused on virtual and
augmented reality. In the mining industry it is generally referred
to as extended reality (XR) and there is an increasing interest

in these immersive technologies for learning and training,
visualisation and remote assistance. XR technology includes
technologies such as virtual reality (VR), augmented reality (AR)
and mixed reality (MR).

1% of surveyed mining organisations had implemented ML technology, 47% piloted
and 21% of respondents planned to implement ML technology within 5 years

- Minerals Council South Africa
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Leading Technology Trends in the African Mining Sector sminingbeyencltech

Case Study: Anglo American Platinum’s
Amandelbult Training Complex VR Stope
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Leading Technology Trends in the African Mining Sector
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Challenges experienced by Innovation and Digital Managers

Challenges and Opportunities experienced
by Innovation and Digital Mining Managers

Various complex hurdles stifle innovation and deaccelerate
the rate of adoption of digital transformation technologies
in the African mining sector. Innovation and digital mining
managers face unigue challenges in the process of meeting
their strategic innovation objectives. We examined these
challenges in three aspects of the innovation process.

These aspects are:

O]

Research

02

Corporate Ventures

03

Open Innovation

04

Building an Innovation Mindset and Scaling
Innovation
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Driving digital
transformation
and innovation
should be

a strategic
imperative

for mining
companies.
Innovation and
digital Managers
cannot champion
it in silos.




Industries are realising the value and necessity of digital
transformation and many businesses are adapting their
business strategies to position themselves to be at the
forefront of this tide of innovation. Increasingly, businesses
are branding themselves to be champions of innovation

The I‘Ole Of I‘esearCh in and are using digital transformation technologies to
= gain a competitive advantage in a volatile and fiercely
the era Of the Innovatlon competitive global market.

buzzword

O]

Insufficient funding into Research and

and society at large. Lo )
OCIEES 9 Development stifles innovation

rth industrial revolution
pularity since it was first

at the World Economic
03 03

Misalignment of research objectives Limited talent pool
and interests

Extracting value from research comes with its
unique set of challenges. Some of which are
insufficient funding, misalignment of interests
and a lack of skilled talent.
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Challenges experienced by Innovation and Digital Managers sminingbeyencech

Insufficient funding into Research and
Development stifles innovation

Standard Industrial Classification

The Minerals Council South Africa states 25% of surveyed

Q mining organisations invest above0.3% of their turnover 50
\/\ in R&D initiatives that concern digital transformation
I I . While 38% and 37% of the companies invest between

016% - 0.3% and less than 015% respectively. The average 40
investment across all the respondents of the surveycame
up to be R11T million. 30
20
This is concerning as the total expenditure in R&D in the mining
sector has been on a decline. The South African national 0
survey of research and experimental development 2019/2020
BYYQ  statistical report outlines how spending in R&D in the mining
‘ sector decreased by 60.7% in 20]9/20 from the previous De”Od ° 2009/10  2010/11 20m1/12 2012/13  2013/14  2014/15  2015/16  2016/17  2017/18  2018/19  2019/20
of 2018/19, down from R1.748 billion to R 686 million
W Agriculture W Mining W Manufacturing B Energy & Water L [ U W Wholesale and Re W Logist
L LG Services W Commur

Figure 1 displays the proportional R&D expenditure of various sectors
from the period of 2009 to 2020.

With exception of the period of 2009/10, 2016/17 and 2019/20, the South
African Mining sector has been the third highest spending sector in
research and development, coming third behind only the Manufacturing
and Financial Services sectors.
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Misalignment of research
objectives and interests

There is a misalignment of research
objectives when it comes to academia
and mining corporates. Mining
companies tend to focus on research
that seeks to solve specific operational
challenges facing their organisation.

On the other hand, some members of
academia have interests of pursuing
exploratory research in the field of digital
technologies.

Exxaro’s current approach to

research is problem statement driven,
innovation is aimed at solving specific
challenges within operations rather
than purely exploratory research.

Challenges experienced by Innovation and Digital Managers

Consequently, funding earmarked for
R&D by the government to academia
working in digital transformation may
not translate into tangible value for
mining organisations.

There needs to be increased
synergy and coordination
between government, academic
and business interests in driving

digital transformation in society.
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Challenges experienced by Innovation and Digital Manage
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Limited talent pool

Another challenge when it comes to innovative
research in digital technologies in the n mining
sector is the competition for talent. A rding to the
Department of Higher Education, only 6% of the South
African population have university degrees. Their report

& /eness.
The percentage of graduates specialising in digital
technologies in the context of the mining sector is
miniscule.

Different sectors compete for the brightest
talent, and this limits the potential of
development of digital transformation
within the mining industry.




Challenges experienced by Innovation and Digital Managers

Case Study: Exxaro partnership with
University of Pretoria
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Challenges experienced by Innovation and Digital Managers Eminingbevencdtesch

Case Study: Sibanye-Stillwater Digital Mining
(DigiMine) Laboratory at Wits University

Sibanye-Stillwater stated
that traditionally, the

mining sector had adopted
mechanical solutions
designed by a narrow and
specific skill set to solve
challenges and that approach
made sense decades ago.
However, in the era of the

4th industrial revolution and
moving into the 5th industrial
revolution the need for a
multi-disciplinary approach
to problem solving is both
necessary and incredibly
value adding.

giMine) is

im of t
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Mining Companies in Corporate Venturing

Mining Companies in Corporate
Venturing

Corporate venturing refers to when one company provides
venture capital for another company as part of a plan to
partner or acquire that company. Corporate venturing can
have an external focus, for example, investing in strategic
related technology start-ups. Mining companies have be
sourcing and investing in start-ups as part of their st gy.
Corporate venturing has tremendous potential to accelerate
the development of digital transformation in the African
mMining sector. It does, however, come with a series of
challenges like navigating.

O] 02 03

A challenging Intellectual property Limited venture capital
entrepreneurial landscape constraints funds

04

Lack of suitable
entrepreneurial skills
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Corporate
venturing
offers a flexible
opportunity

of advancing

digital
transformation
within the
mining sector.




O]

Challenging entrepreneurial
environment

Globally, entrepreneurs
face obstacles in the
journey of achieving
success in the business
world. These obstacles
are exacerbated in

the African context,

as entrepreneurs face
parriers in accessing
finance, lack of support
for innovation, poor
infrastructure, and
sourcing skilled labour.

02

Intellectual Property
constraints

Innovative start-ups face
another challenge with
South Africa’s regulations
of intellectual property
rights. Commercial
exploitation of intellectual
property derived from
publicly funded research
comes with stringent
conditions. Support from
public institutions, like
universities for example,
is crucial and the funding
into R&D provided to
these institutions can
act as a catalyst in the
innovation process.
However, the contrasts
of use of publicly funded
innovations presents
commercialisation
challenges for
entrepreneurs.

Mining Companies in Corporate Venturing

03

Limited Venture Capital Funds

Venture Capital and
investment experts at
the African Venture
Capital Association's
conference expressed
how South Africa should,
ideally, triple the number
of venture capital funds
operating in the country.
As of 2021, Two hundred
and two (202) venture
capital funds were
operating in South Africa
across different sectors.
Entrepreneurs seeking
capital injections for
their businesses usually
struggle to access capital,
especially at the early
stages of the business.
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04

Lack of suitable
Entrepreneurial Skills

South Africa’s business
landscape requires

an advanced skill set
from entrepreneurs to
overcome challenges and
succeed. Opportunities
to gather such skills are
not easily accessible. In
addition to obtaining all
suitable skills needed as
an entrepreneur, finding
skilled labour is often a
difficult task.



Mining Companies in Corporate Venturing

Case Study: Sibanye-Stillwater
iXS initiative
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According to Sibanye-Stillwater
the company was looking for a
meaningful way to participate
commercially with start-ups and
scale organisations. This initiative
could essentially provide Sibanye-
Stillwater with another avenue to
test new digital technologies in a
responsible manner. A challenge
that Sibanye-Stillwater faced was
that in some cases the technology
they interacted with was great,
but the commercial aspect
underpinning the technology was
not appropriate and consequently
some businesses had continuity
issues.




Mining Companies in Corporate Venturing

Case Study: Implats and
AP Ventures

ition to sustainable e
the use of - platinun
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Mining Companies in Corporate Venturing Zminihgbeyenclech

Case Study: Vale Ventures

The trend of mining companies branching into the
capital space is not limited to South Africa, the Brazilian mining

company Vale announced in June of 2022 that it is launching
a corporate venture capital unit to support start-ups offering
disrupting innovations in the mining sector. The business has
earmarked $100m for companies engaged in sustainable
mining initiatives. The unit is expected to offer initial funding in
early-stage investments in start-ups in exchange for minority
stakes of 3% to 5% in those companies.
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Open innovation in the
African mining sector

Open innovation has emerged recently as an
innovation model. It encourages companies to use
existing external knowledge rather than reinventing
the wheel. In this model, it is considered positive to
establish links with other companies, universities,
technology centres, and other knowledge sources.
The ideas are better connected to the market and
meet real customer needs, moreover, the developed
solutions bring about better technological knowledge.
Mining companies that have embraced open
innovation could potentially benefit through enhanced
agility, reduction In costs and access to a diverse
talent pool.

Open Innovation, collaborating with the underdog

O‘I Small start-ups often come up with innovations that
can disrupt entire indust One of the reasons
- - ehind this i | start- ups | \edm hovx to
Er wh_amced -‘mo\/atg o
Agility oftenn
and v ahdat@mmvatmm
reputational damage

ovation
tem amd r\artr
el

Sibanye-Stillwater states that another ben
innovation i ity of th uqht Openinr

Nitl h\ent from
Access to -

diverse
talent pool

It is harder to do that int ‘hal\y as

has a sp value n whichis e
df limited.
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Scaling innovation and building an innovation mindset

Of

Scaling Innovation and building
an Innovation Mindset

e e o e oiee ot e Implats stated that for
rore comploxiy I ard for s to NGt whet i maams 1 Sl isation to i t
L N O i
N capltal ISRl

areal need in the market. When there exists an innovation, the next step lnnovatlon there ought to

is then to scale the innovation. -

Once an innovation exists, all the pieces to create value may well be in be a s.atISfaCtory Ievel .Of
%choemktjyutog‘ﬁggéta\T;ebp\)ev;r?;fetthem be to unlock the value for the vast certalnty on the maturlty Of
This process can be categorised in the following steps: the innovation. It is difficu‘t
for organisations to invest
in technologies that have

a Technology Readiness

Level* that is less than nine.

Figure : Process steps to scale innovations

Out of these steps, the scale step is generally the most complex and
it's also where most of the value creation and impact comes from.
Traditionally, scaling innovation is seen as a matter of advancing the
adoption of innovation.
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Scaling innovation and building an innovation mindset

Building an Innovation Mindset

The process of scaling an innovation involves
implementing a suitable change management
strategy to ease the adoption of an innovation
within an organisation.

According to Exxaro in order to do this, all the
various stakeholders that are responsible for
bringing in digital solutions, whether it be an
engineer or someone in Human Resources, have

to be in a position to understand why they need

to change a process or technology. Additionally,
they need to understand what the impact will be
and then they need to be in a position to shape
the change. They need to have a clear vision of

the outcome of implementing the solution that is
being brought into the organisation. Another crucial
aspect is that stakeholders need to understand
that they would be collaborating on the change.
They need to be aware that they cannot implement
change management on their own.
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Exxaro stated that it is important to have leaders in
the organisation that drive change management.
One cannot implement change management on
their own and it becomes important to help people
understand that they are all agents of change
management. Stakeholders that are going to be
implementing solutions and be impacted by those
solutions need to understand change management
and be in a position to effect change management.

These sentiments were echoed by SASOL, they
outlined how building an innovation mindset in an
organisation cannot be the sole responsibility of
one department within that organisation. The whole
organisation should take it upon themselves to
embrace innovation.



Scaling innovation and building an innovation mindset

Case Study:Angilo Platinum
Digital Skills
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Conclusieon

Emerging technologies have an
incredible potential to assist mining
companies to stay competitive

and profitable in the face of

volatile commodity prices and
increasing ESG regulations. Artificial
intelligence, machine learning, digital
twin, internet of things and the
metaverse are finding application in
the African mining sector.

Innovation and digital managers face
unigue challenges and coordination,
collaboration and increased synergy,
firstly within their business and then
with external bodies; governments,
academia and business is crucial to
advancing digital transformation.

L3
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enn
Manager, Technology and Innovation at Sibanye-Stillwater

NN is the Head of Innovation at Sibanye-Stillwater. A South African native, his

is to make a difference and add significant value to the broader metals industry
innovative solutions to significant global challenges developed at Sibanye-

er. As Head of Innovation, he coordinates the Group's research and development,
ovation initiatives, identifying opportunities for shared value creation through
mechanisms and technologies. Prior to his current role, Alex served in numerous
ssociated with Engineering and Improvement.

ndile Buthelezi
Head, Innovation and Technology at Implats

dile Buthelezi [Pr Eng] is the Group Head of Innovation and New Technology at
. He is an electrical & electronics engineer with more than 16 years’ experience
in the mining sector and power utility industry. He is passionate about inspiring
to adopt an innovative mindset enabling them to embrace the everchanging

e believes that the mining sector is poised to endorse advancement in

logy. He specialises in innovation strategies including identification and

Nng appropriate technologies that support mining operations across the value

e was instrumental in the development of the first in the world collision

ce technology for oper-cast operations together with OEMs (Original

ent Manufacturers)
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Contributors continvea)

Bramley Maetsa
Head of delivery enablement at SASOL

Sasol is a global chemicals and energy compan
Bramley Maetsa is a senior manager of Digital In
Bramley has 17 years of experience working in [T,
development and service management in differ
digital transformation programme and successf
and DevOps to enable fusion teams to build dig
currently working on maturing adoption of Al in
Employee Digital Experience concept and inves

Elaine Hattingh

Manager: Innovation, Planning and Execution

As Manager Innovation at Exxaro Resources, Ela
sourcing and deployment of disruptive innovati
challenges and supporting innovation to maximi

She has a B.Sc Hons in Geology and M.Sc Eng |
rooted experience within the geomodelling spa
mining operations in her career. In addition to h
has experience in the corporate venturing spac
performance to establish viability leading to pot
agricultural, energy and water sectors.”
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