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The South African mining industry has a history of a range of major
challenges, including high operating costs that have had a negative impact
on mines’ profitability and financial sustainability. The advent of Fourth
Industrial Revolution technologies has opened up new opportunities for the
mining industry, among other things, to improve its cost-effectiveness and
future competitiveness. Most South African mining companies have begun
to adopt Fourth Industrial Revolution technologies; however, quite a large
number of their projects have not been successful. The main objective of
the paper is to conduct an integrative literature review to determine why
some of the companies in the minerals, mining, and processing industry
have not been successful in implementing Fourth Industrial Revolution
technologies. The findings of the study outline areas of organisational and
technological capability on which the industry could focus when developing
future innovation strategies.
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Die Suid-Afrikaanse mynboubedryf het 'n geskiedenis van 'n reeks
uitdagings, ingesluit hoé operasionele kostes, wat 'n negatiewe impak op
myne se winsgewendheid en finansiéle volhoubaarheid gehad het. Die koms
van Vierde Industriéle Rewolusie tegnologieé het nuwe geleenthede vir die
mynboubedryf geskep, onder andere om koste-effektiwiteit en
kompeterendheid te verhoog. Die meeste Suid-Afrikaanse mynbou
maatskappye het begin om Vierde Industriéle Rewolusie tegnologieé aan te
neem, maar 'n groot aantal van hulle projekte was nie suksesvol nie. Die
hoofdoelwit van dié artikel is om 'n geintegreerde literatuuroorsig te doen
oor hoekom sommige van die maatskappye in die minerale-, mynbou- en
proses bedryf nie suksesvol was met die implementering van Vierde
Industriéle Rewolusie tegnologieé nie. Die bevindings van die studie
beskryf areas van organisatoriese en tegnologiese vermoéns waarop die
industrieé kan fokus wanneer hulle toekomstige innovasie strategieé
ontwikkel.

1 INTRODUCTION

Among other major challenges, South African mining companies are battling with high operating costs that
have a negative impact on their profitability and their financial sustainability. Most of the mining industry’s
challenges directly or indirectly underpin the high operating costs. For example, the depletion of high-
grade reserves results in high operating costs for consumables and energy, thus directly influencing mines’
operating costs.

Modern mining companies are expected to align themselves with a balanced sustainable approach by
ensuring that mining and processing methods, waste disposal, and energy consumption are cost-effective
and do not negatively affect the ecosphere. In line with the challenges currently faced by the South African
mining industry, the International Institute for Sustainable Development has also identified the key drivers
of technological change in the mining industry: the need to improve the health and safety environment for
mine workers; the need to reduce (existing) operating costs and to improve the productivity of assets and
the efficiency of operations in the face of a global economic slowdown, shrinking margins, and pressure on
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cash flows; the need to reduce the costs of asset development as ore grades and accessibility decline while
upfront capital costs rise; and the need to reduce the costs of technology development [1].

To take care of these issues and expectations simultaneously, the mining industry must embrace applicable
Fourth Industrial Revolution (4IR)/digital transformation technologies.

The advent of 4IR (often called ‘digital transformation’) technologies is supposed to improve the cost-
effectiveness of all industries. It has been observed how the introduction of digital technologies has
disrupted industry value chains and, in some instances, triggered firm-specific responses to technology-
driven changes [2]. The popularity of digital transformation/4IR is driven by global competition and by the
need for the fast adaptation of production to ever-changing market requests [3].

However, it is argued that, in terms of actual progress in the adoption of the 4IR, the mining and metals
industry has been left behind [4]. Moreover, some mining and metals companies that have embraced the
implementation of 4IR technologies have reported a relatively poor record of success, particularly when it
comes to safeguarding against falling productivity and rising operating costs.

The reasons for recording relatively poor success in the implementation of 4IR technologies, particularly in
the mining and metals industry, are not yet adequately covered or well-understood in scholarly studies.
The number of failures in the implementation of 4IR means that there is an opportunity to investigate the
areas where companies should prioritise the adoption of digital transformation, and to consider not only
the technical aspects, but also the managerial, organisational, and human dimensions, including what types
of novel business models and people skills are required for the future, and what change processes would
make it happen.

This study focuses on the minerals, mining, and processing and related industries. The South African mining
industry plays a critical role in making a socio-economic contribution; thus it is important for it to be aligned
with the progressive technological developments brought about by 4IR/digital transformation phenomena.
The socio-economic contribution of the mining industry in South Africa is notable because it includes, among
other things, employment opportunities, contributions to tax income, increasing the value of the gross
domestic product (GDP) and the rate of economic growth, and contributing to the country’s balance of
payments.

The following are some of the key socio-economic contributions made by the industry to the South African
economy and to society at large: 453 000 people were directly employed in the mining Industry; R22 billion
was contributed to taxes, and R131 billion to employees’ earnings; the direct contribution to the GDP was
R351 billion, or 7.90 per cent of total GDP; R91 billion was a direct contribution to fixed investments; the
total primary minerals sales equated to R475 billion, mineral export sales were valued at R312 billion,
royalties came to R7.60 billion, and PAYE contributions by employees equated to R21 billion [5].

The current problem is that most companies that have implemented 4IR technology projects have not been
successful. Previous studies estimated that, on average, 70 per cent of all digital transformation projects
did not achieve their goals [6], [7], [8]. The mining industry is no exception. Yet the reasons for such a high
failure rate are neither apparent nor well-understood by scholars.

Thus the main objectives of this study are:

1. To understand why some mining companies have not been successful in addressing their major
challenges (such as high operating costs) by implementing 4IR technologies.

2. To understand what lessons could be learnt from other industries that have successfully implemented
digital transformation technological initiatives.

This paper comprises a brief description of the research methodology used, the findings and a discussion of
them, and the conclusions and recommendations.

2  RESEARCH METHODOLOGY

The research methodology used in this study is an integrative literature review (IRL). The main
objective of an integrative literature review is to assess, critique, and synthesise the literature on
a research topic such that new theoretical frameworks and viewpoints come to the fore [9], [10].
The research questions for the IRL can be narrowed or broadened, depending on the objective of
the study. The literature search strategy may not necessarily be systematic.
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For this study, taking into consideration that digital transformation/4IR is a new and emerging topic,
the intent is to understand and critique initial conceptualisations and theoretical frameworks rather
than to review old theoretical models and frameworks.

According to many authors, an ILR demands more creative data collection simply because the
objective, most of the time, is not to cover all the articles that have been published, but rather to
integrate perspectives and insights from different fields or research disciplines [11], [12], [13].

The sample characteristics for an ILR include research articles, books, and other published scholarly
works. The steps that are followed for this ILR include stating the research questions, identifying
the relevant literature, summarizing the evidence, and interpreting the findings.

The research questions that are to be answered in line with the objectives are listed below:

Why do minerals, mining, and metals companies adopt digital transformation/4IR?

What are the challenges that companies encounter when adopting digital transformation?
What are the general success factors when implementing digital transformation?

What are the existing approaches to leading digital transformation initiatives?

D WN =

3 FINDINGS AND DISCUSSION

3.1 Fourth Industrial Revolution/digital transformation

There are various definitions and descriptions by various scholars of what digital transformation/4IR is.
However, there appears to be a good convergence among the definitions of various authors. Digital
transformation/4IR is defined as the use of new digital technologies to enable major business improvements
such as enhancing customers’ experience, streamlining operations, or creating new business models [14].
Some definitions appear to put more emphasis on IT/ICT, which is essentially an enabler of digital
transformation. From an IT/ICT point of view, 4IR is defined as the revolutionary change that occurs when
IT proliferates in all industries — that is, in primary, secondary, and tertiary industries [15]. In other words,
it is a result of the horizontal expansion of IT. But, most importantly, there are technologies that are key
to enabling the development and implementation of digital transformation/4IR technological initiatives.

The 4IR/digital transformation can also be described as a new industrial paradigm that embraces a set of
future industrial developments, including cyber-physical systems (CPS), the Internet of Things (loT), the
Internet of Services (loS), robotics, big data, cloud manufacturing, and augmented reality [16]. This
definition places more emphasis on the supporting technologies for the 4IR. From the South African mining
industry viewpoint, digital transformation/4IR is defined as the technological developments that blur the
lines between the physical, digital, and biological spheres. It essentially integrates cyber-physical systems
and the Internets of Things, big data, cloud computing, robotics, artificial intelligence-based systems, and
additive manufacturing [17].

The 4IR will undoubtedly shape business operations across all industries [4], [18], [19]. It is ubiquitous and
will eventually transform and reshape all operations and production, management, governance, and
products and services in all industries. It is asserted that digital transformation will eventually be the most
powerful driver of innovation over the next few decades — until a new wave of innovation rolls in [20].

There is good convergence among many scholars that digital transformation has game-changing attributes
for value-creation opportunities in all companies [21], 22], [23], [24]. It affects all facets and aspects of
industrial production and services, such as productivity and efficiency [25], [26], [27], the digitisation of
products and services [28], the intensity of automation [29], [30], [31], and intelligent manufacturing [32].
Digital transformation is also largely viewed as offering a much-needed strategic opportunity for companies
to offer new products and services [33], [34], [35], [22].

What makes digital transformation ubiquitous in many companies and industries is that it allows, among
other features, for interoperability, virtualisation, decentralised decision-making, real-time capability, a
services orientation for service providers, and modularity. These are particularly important performance
characteristics for all companies that conduct business in an era that is characterised by globalisation and
high levels of business interconnectivity.
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In addition to the features of digital transformation listed above, one of the outstanding features is the
integration of both horizontal and vertical production systems using ICT. This feature is particularly key, as
it allows companies to stay competitive in the face of globalisation, high levels of competitiveness, market
volatility, relatively shorter innovation and product life cycles, and the ever-increasing complexities of
products and services [36], [37], [38]. And most importantly, digital transformation technologies can be
retrofitted to business processes. Thus, it is imperative for any company that intends to compete effectively
with its rivals to adopt and embrace digital transformation technological initiatives [39], [40], [41].

For the South African mining industry, the advent of digital transformation/4IR presents a new spectrum of
opportunities to create entirely new ways of serving existing global mineral needs and of optimising existing
industry value chains. It will afford the industry an opportunity to confront the new requirements of global
competitive markets.

3.2 Why do minerals, mining, and metals companies adopt digital transformation/4IR?

Since the advent of the 4IR, companies have found themselves having to relook at how they have been
doing business. The main question is, why do companies, including the mining industry, adopt digital
transformation technological initiatives?

The decision to embrace digital transformation technological initiatives could be triggered for various
reasons — e.g., purely process operational tasks, and/or being influenced by a company-wide strategy. In
some instances, the company will find itself having no option but to transform digitally because digital
transformation is happening along the value chain in which it operates (which is more of a bandwagon
effect). It has been realised that, with the advent of the 4IR, many value chains are the objects of
restructuring [42], [43].

Researchers have identified various possible triggers of digital transformation in several industries,
including the use of digital transformation technologies in improving quality management processes,
maximising productivity, and improving working conditions and product quality [4], [18], [44], [45]. Such
reasons are purely operational, being meant to address the day-to-day operational issues of the company;
they have no strategic or future-focused characteristics.

The triggers of digital transformation can also be viewed as mainly the need for better customer experience
and engagement, operational improvements, and changes to business [14]. Many authors appear to view
customers’ behaviour, expectations, and satisfaction as a key driver of digital transformation in many
industries [46], [47], [48], [49], [50], [51], [52].

Although many authors have identified the customer/buyer factor as one of the key drivers of the adoption
of digital transformation, it is strange that buyers, new entrants in the market (who will essentially come
with state-of-the-art technologies), and industry competitors are not clearly viewed as critical drivers of
digital transformation. No scholarly work has been identified that aligns Porter’s forces (which drive
industry competition) with 4IR. Interestingly, only a very few authors have recognised the competitive
advantage brought about by the adoption of 4IR technological initiatives [49], [53].

The triggers of digital transformation will most likely vary between organisations and within sectors, as
they are most likely to be defined by the major challenges that the company or industry experiences. Thus,
some are purely industry-specific; in the South African mining industry, for example, the triggers of digital
transformation are likely to be aligned with its current significant challenges, such as safety in the
workplace, high operating costs and relatively low profitability, depleting high-grade reserves, regulatory
requirements, and the need to meet sustainability goals.

A study conducted in Australian industries (which included mining, services, construction, manufacturing,
and agriculture) to determine the triggers of digital transformation identified an interesting combination
of reasons for it — some operational, and some strategic [54]. The triggers so identified were a customer
focus and value differentiation, cost efficiency, process efficiency, environmental sustainability, workers’
safety, productivity, a market focus, globalisation, decision-making support, and the idiosyncrasies of the
industry. The core triggers for the Australian mining industry, in order of significance, were productivity,
cost and process efficiency, workers’ safety, and environmental sustainability. These core triggers are
congruent with the South African mining industry’s main challenges for which digital transformation needs
to be adopted.

188



Interestingly, a customer focus and value differentiation were not viewed as triggers by the Australian
mining industry. That is to be expected in the mineral, mining, and metals sectors, because commodity
specifications are universally standardised. For example, it is known that a gold troy ounce is equivalent to
31.1035g; and metal products are generally not differentiated as intellectual property (IP); however, they
can be produced safely and cost-effectively through relevant technological initiatives.

Productivity improvement is one of the key challenges in the South African mining industry, and it is a
matter of some urgency. The mining industry needs to reverse the trend of deteriorating productivity in
order to deal effectively with volatile commodity prices [55], [56], [57].

The adoption of digital transformation/4IR technological initiatives to address environmental sustainability
issues is pertinent for the South African mining industry as it grapples with the Decarbonisation Act and
global sustainability goals. The mining industry is inherently energy-intensive. According to a study by
Deloitte for Eskom, the mining industry and manufacturing jointly account for about 60 per cent of national
electricity consumption, while their combined GDP contribution is about 22 per cent [58].

What becomes apparent is that none of the scholarly work that has been scrutinised has been able to
classify the triggers of digital transformation into those that are for business survival (operating cost
optimisation) and those that are for profitability (growth strategies). The triggers could also be classified
according to the company’s external environment — namely, the operating, industry, and remote
environments. ’Operating environment’ refers to the immediate competitive condition that will influence
a company’s ability to secure resources; ‘industry environment’ refers to the general condition that applies
to all companies that provide similar products and services; and the ‘remote environment’ consists of
factors that, by their nature, fall outside the company’s operating situation, such as economic, political,
social, technological, and ecological factors.

Figure 1 shows the triggers of digital transformation classified according to a company’s operating
environment. It can be seen that the triggers under ‘remote environment’ include globalisation,
sustainability goals, political issues, technological change, and ecological issues. Technological change is
one of the critical triggers that every company should be aware of, because technological changes will
influence its industry and its performance. Other critical triggers from the remote environment are
globalisation and sustainability goals.

Remote Environment | Industry Environment Operating Environment

e Technological e New marketentrants | e Rising customer expectations THE FIRM
e Social © Regulators (DMRE) ® Changings customer needs

e Political ® Statutory requirementy e Competitive advantage

e Economic e Competitive advantage| e Cost efficiencies

® Ecological ® Value differentiation ® Process efficiencies

@ Sustainability goals

Figure 1: Triggers of digital transformation classified according to a company’s external environment
(based on [59]).

Under ‘industry environment’, the triggers are new market entrants, regulators, statutory requirements,
competitive advantage, and value differentiation. New market entrants inherently disrupt industries by
adopting state-of-the-art technologies that address the legacy issues of older technologies. In the case of
the South African mining industry, statutory requirements and regulators (such as the Department of
Minerals Resources and Energy [DMRE]) are some of the most prominent triggers of digital transformation.

The triggers of digital transformation initiatives under ‘operating environment’ are rising customer
expectations and ever-changing customer needs, competitive advantage, cost efficiencies, and process
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efficiencies. For the South African mining industry, competitive advantage, cost, and process efficiencies
are highly relevant as a result of the current major challenges. It has been noted by various researchers
that, for the mining industry to be cost-effective and to achieve optimal process efficiencies, technological
advances and innovation endeavours are important [55], [60].

Some researchers have identified some rather uncommon triggers for digital transformation in some
companies, such as remodelling products into services (RPIS) and digital natives [61]. This refers to
instances when companies develop software versions of their physical assets in order to earn application
revenue. It has been asserted that that such developments typically initiate the pursuit of new business
models and new revenue streams, often forced by changes in customer expectations about products and
services [38]. Table 1 is a summary of the common key drivers for companies to embrace digital
transformation/4IR.

Table 1: Summary of key drivers of 4IR

Key findings/contributions Publications

Customer focus and expectation/value creation/ differentiation/ [14], [38], [46],

remodelling products into services [99], [54]

Cost efficiency and process efficiency (4], [18], [44] ,[45],
[54]

Safety, Health and Environment (SHE) [10], [54]

Productivity [46], [55], [56], [57]

Market focus/globalization/new market entrants/small domestic [54], [98]

markets

Digital natives/new digital technologies [42], [55], [60]

Decision-making [54]

Others / miscellaneous [54]

The triggers discussed above illustrate that the digital transformation/4IR phenomenon is key for the South
African mining industry if it is to tackle its current major challenges. Digital transformation technologies
form the foundation of revolutionary change in all industries. Most importantly, digital transformation has
arrived, it is inevitable, and it will make a significant contribution to the prosperity of the South African
mining industry.

3.3 What are the challenges that companies encounter when adopting digital transformation?

The digital transformation/4IR phenomenon is still emerging, with some companies having made
considerable progress in its adoption and implementation, and others having not yet started; so, the
challenges are likely to continue. Most important to note is that digital transformation is viewed differently
by different companies, as it is a significant function of each company’s vision, level of maturity, and
strategic direction [62]. Thus, challenges relating to the adoption and implementation of digital
transformation initiatives will manifest themselves in different forms, from obvious to subtle.

Digital transformation/4IR initiatives, like any technology project, can be implemented by following a series
of steps from initiation through to monitoring. It has been posited that challenges in implementing digital
transformation initiatives could occur during the initiation phase, during the executing phase, and even
during the governance phase [63]. The challenges associated with the initiation phase include a lack of
impetus, regulation and reputation, and an unclear business case. The challenges associated with the
execution phase can include missing skills, culture issues, and IT constraints. Last, the governance-related
challenges include an incremental vision and co-ordination issues.

The organisational barriers to digital transformation in companies include no sense of urgency, insufficient

funding, the limitations of existing IT systems, unclear roles and responsibilities, a lack of vision, an unclear
business case, the business operating in silos, its culture not being amenable to change, and regulatory
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concerns and institutional setups [14]. ‘Institutional setup’, in this context, refers to the attitude of older
workers and to legacy technologies and innovation fatigue.

It is important to note that, when a company acquires 4IR/digital transformation technology, it will most
likely be retrofitted into the existing business structure and systems. If this is not done diligently, it could
lead to unexpected challenges, such as the productivity paradox and the total failure of the initiative. This
point is well-corroborated: it is not only about recognising innovative technology, but also about how to
integrate it into an existing business model [64].

Also important to note is that, for the smart processes to work successfully and effectively throughout the
organisation’s entire value chain, an all-encompassing supporting technology platform is required to ensure
reliable data collection, data processing and analytics, data exchange, connection, and co-ordination [65].
This requirement leads to other challenges, such as the creation and management of big data and
information, and a lack of flexibility in the existing IT infrastructure [45], [66], [98]. The implementation
of digital transformation requires human resources with computational and data analytical skills. It has
been postulated that big data human resources (data scientists) are scarce and difficult to find, and come
at a relatively higher total cost to the company because of the novelty of the discipline [67].

The challenges discussed above are found in all industries, the mining industry included. The categories of
IT/ICT-related challenges that mining companies face when implementing digital transformation initiatives
include the operationalisation of a business strategy (by linking objectives with information data), change
management, the effective application of technologies, and managing the external constraints [18].

It has been observed that the challenges of implementing digital transformation in the mining industry are
predominantly IT/ICT-related, such as a lack of staff with digital knowledge and competencies, and digital
disconnection [18]. The minerals, mining, and metals industries have been found to be characterised by a
relative digital intensity index (DII) of around only 10 per cent [4]. However, the challenges highlighted by
[18] are more to do with IT/ICT infrastructural constraints and abilities. It is important to note that ICT/IT
is just one of the enablers of digital transformation initiatives, and is not an end in itself.

Scholarly work has been done to identify what would constitute a critical suite of challenges (grouped under
themes) associated with the implementation of digital transformation/4IR in the mining industry. Aggregate
themes have included a lack of the ability to change, goal ambiguity, technological constraints, and
external constraints [4].

The existing scholarly work on digital transformation is silent about frameworks and guidelines for the
successful implementation of digital transformation initiatives. The adoption of digital transformation/4IR
technological initiatives should follow a systematic process like any technological change that would be
managed in a company.

This sequence could be followed: identifying the problem, selecting the digital transformation technology,
developing a solution, implementing, and monitoring. The challenges identified earlier by various authors
are rather haphazard, as they do not show an appreciation of a problem-solving model in a company
environment. When identifying the problems associated with the adoption of digital transformation
technologies, it is important to classify them according to the stages of the problem-solving model/process.

Problem | Technology Solution 2 Implementation &
recognition = selection development - 4 monitoring
L) L) 7y x
1 1 ] !
1 1 1 !
Triggers Alternative Mode of Forms of change

implementation

Figure 2: Technology management model for problem-solving [68]

Figure 2 shows a technology management model for problem-solving [68]. This model could be used as the
basis for categorising the challenges associated with adopting digital transformation/4IR technological
initiatives. It is very important to understand from which stage of the problem-solving model the problem
emerges, because the challenges associated with each stage have different traits and attributes.
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For example, in the problem-recognition phase, challenges could result from not understanding the triggers
of the problem, and could include factors such as technological feasibility, market potential (for products
and services), and mandatory/regulatory constraints; in the technology-selection phase, the challenges
could be associated more with designs and technology choices; in the solution-development stage, the
challenges could be associated with innovation and adoption; and in the implementation-and-monitoring
stage, the challenges would be more about reconfiguring the value chains and commercialising new
products and services.

The above elaborations are an indication that the adoption of digital transformation is a complex process,
and brings with many challenges. What makes it particularly complex is that it involves combinational
technologies, and diminishes the conventional boundaries between technologies and disciplines.

It is also apparent that the challenges associated with adopting and implementing digital transformation
technological initiatives in the mining industry are still being identified and characterised, and not all of
them are easy to identify. They are not only about the acquisition of digital transformation technology, but
are also dispersed across the problem-solving model, from problem identification through to
implementation.

With the advent of the 4IR era, technology managers face a relatively high level of uncertainty about the
needs and expectations of customers with respect to products and services; hence the need for industries
to supplement it with creativity and well-thought-out and flexible new business models. Table 2 summarises
the common challenges that companies face in implementing digital transformation/4IR technological
initiatives.

Table 2: Key challenges for digital transformation/4IR implementation

Key findings/contributions Publications
Implementation and application/ operationalisation of business strategy [18], [63], [64], [98]
Organisational barriers (no sense of urgency, lack of funding, unclear role and responsibilities) | [14], [62], [70]
IT/ICT infrastructural constraints/skills [18], [58], [65], [66]
Data management [45], [65], [67]
Technological constraints [4], [66]

External constraints/regulatory constraints [4]

Lack of leadership and culture [4],[62], [98]
Cyber-security [63], [70]

Change management [58]

3.4 What are the general success factors for digital transformation/4IR implementation?

Many authors have dealt with the subject of the success factors and success dimensions in adopting digital
transformation/4IR technological initiatives in various companies and industries. So far, the predominant
perspectives have included organisational and customer issues [69], integrating digital and physical
components [98], leadership capabilities [70], [64], [71], digital strategy [72], awareness and training [44],
cultural change [66], creating a digital enterprise vision and matching operational goals [73], reviewing
existing business models [62], creating innovative ideas that link across the boundaries of the company
[98], a supportive and agile organisational culture [52], and developing a framework [74].

It should also be highlighted that some authors, such as [74] and [75], have attempted — incorrectly — to
study the success factors in adopting digital transformation by approaching the topic purely in the context
of the discipline of IT/ICT. But, as noted earlier, IT/ICT is just one of the enablers of the adoption of digital
transformation, and is not an end in itself.

The literature presents the success factors of the digital transformation phenomenon as a multi-dimensional
construct. This study is interested in further understanding the following:

. What is ‘success’ in the context/theme of digital transformation/4IR technologies?
. How is the success of digital transformation/4IR technological initiatives measured?

There is much divergence over measuring success in the context of digital transformation because, to some
extent, the digital transformation literature is still emerging. An appropriate success dimension to be
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measured will also depend on the triggers and objectives of adopting digital transformation technological
initiatives by a company.

When a company adopts digital transformation technologies, it should create an additional value (such as
market capitalisation and price/book value multiples) for the company. Authors such as [76] and [53] have
considered company value to be one of the critical dimensions in measuring the success of digital
transformation.

The analysis of the success of digital transformation technological initiatives has also been based on
operational efficiency and profitability, measured in earnings per share, operating profit margin, and return
on asset. These success dimensions analyse a company’s ability to generate income, to manage and control
its costs effectively (cost-effectiveness), and to generate acceptable profit margins.

For the South African mining industry, the success of digital transformation technological initiatives can be
measured against the success dimensions relating to the major challenges — namely, improved safety
(measured by a decline in fatalities, a reduced rate of time lost through injury, reduced DMRE Section 54s
stoppages, productivity (measured by enhanced revenue, increased throughput, increased equipment
uptime and utilisation), reduced operating costs (measured by a higher productivity of equipment,
improved and reduced labour and consumables costs, an improved operating profit, reduced waste
generation, such as over-stripping waste), a reduced capital intensity (measured by a reduction in damage
to equipment and failures owing to poor asset management), and the improved life of the mine and its
reserves (measured by better and more reliable exploration data, the feasibility of deep-level mining where
it would not be possible for people to work because of heat stress levels and other geological constraints).

Another important success dimension that the mining industry can realise from the implementation of
digital transformation technological initiatives is the end-to-end productivity gains that are manifested in
features such as integration across all the elements of the mineral, mining, and metals value chains,
visibility across the value chain, the availability of complex but reliable decision support, integrated
production, quality management, and asset management.

Some authors have focused on the sales and customer-base dimensions as measures of the success of digital
transformation technological initiatives [77], [78], [79], [80], [81], [82], [83]. This success dimension is
applicable to service providers such as insurance brokers and banks. Other success dimensions for service
providers are company reputation and customer satisfaction [79], [84], [85].

Digital transformation initiatives can also be acquired purely for the purpose of addressing the ergonomic
challenges that the workforce experiences in the workplace. Thus one of the success dimensions for digital
transformation technological initiatives is workplace quality and safety, which can be measured by the
turnover in workers, worker satisfaction, and other employee-performance dimensions.

Interestingly, no scholarly work appears to consider the success of digital transformation initiatives in terms
of general project evaluation protocols — i.e., costs, schedules, and deliverables. The adoption of a digital
transformation initiative is so large and complicated that it warrants a full project management approach.
In that case, additional elements arise that could cause the failure of a technological initiative, such as an
inappropriate project management approach, an inexperienced project manager, and incorrect scheduling
of resources.

The readiness and the ability to manage are other success factors in the adoption of digital transformation
that have been overlooked by many authors. It has been asserted by some that managers are key to
determining a company’s performance outcomes [86], [87], [88], [89], [90]. Table 3 shows the key success
factors in a successful digital transformation/4IR implementation.

3.5 What are the existing approaches to leading digital transformation initiatives?
As part of this study, an attempt was made to determine why companies adopt and implement digital
transformation technological initiatives and challenges; general success factors were also discussed.

It is apparent from the above discussions that, by definition, the implementation of digital
transformation/4IR technological initiatives is relatively more complicated than in the previous industrial
revolutions. Thus, it is important to understand the existing approaches to the adoption and
implementation of digital transformation/4IR technological initiatives.
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Table 3: Key success factors for digital transformation/4IR implementation

Key findings/ contributions Publications
People/awareness and training/skills [44], [73]

Organisational culture/leadership capabilities [64], [69], [70], [71], [73], [98]
Technological framework/institutional framework [48], [73], [74]

Clear business goals (business value/performance/ sustainability/satisfaction) | [64], [70], [71]

Digital strategy [41], [72]

Value creation/appropriation [48], [73], [74]

Integration [20]

Levels of impact/adoption [20]

Alignment of relevant stakeholders (employees, customers, suppliers etc.) [20]

What makes digital transformation a particularly complex phenomenon is the fusion of industrial
production, people, and ICT. It is the only phenomenon that has made it possible to connect information,
machines, and people because of the combining of physical space and cyberspace into cyber-physical
systems [20], [38], [91].

The adoption of digital transformation involves numerous synergies among various technologies from various
disciplines. Thus, for companies to adopt and implement digital transformation initiatives successfully,
they need to redefine their technology management strategies, as they have to retrofit smart processes
into their entire value chain systems.

The implementation of digital transformation technological initiatives needs to be aligned with the

company’s technology strategy, which is a function of various factors such as technology evolution, industry
context, strategic action, and organisational context.

Internal environment
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Strategy
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External environment

Figure 3: Some factors influencing the adoption and implementation of technological projects [92)

Figure 3 shows the conceptual framework that illustrates the evolutionary forces that shape and influence
the selection and implementation of technology projects. Implementing digital transformation/4IR
technologies in the South African mining industry is no exception. Thus the implementation of digital
transformation technologies will be influenced by the company’s internal and external environments alike.
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Another popular approach to digital transformation/4IR is Reference Architecture Model Industry 4.0 (RAMI
4.0), developed by BITCOM, VDMA, and ZWEI. RAMI 4.0 is a three-dimensional map that shows how to
approach 4IR in a structured manner [93], [94], [95], [96], [97].

Figure 4 shows that the development of RAMI 4.0 focused on industrial production as the primary area of
application, including discrete manufacturing in process industries. The right-hand horizontal axes are the
hierarchy levels from IEC 62264, the international standards series for enterprise IT and control systems,
representing the different functionalities in factories or facilities. The left-hand horizontal axes represent
the life cycle of facilities and products, based on IEC 62890, the life-cycle management for systems and
products that is used in industrial-process measurement, control, and automation. The six layers on the
vertical axis describe the decomposition of a machine into its properties, structured layer-by-layer —i.e.,
the virtual mapping of a machine.
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Figure 4: The RAMI 4.0 model [97]

RAMI 4.0 focuses mainly on the definition of rules for the implementation of digital transformation/4IR
from a strategic point of view. It ensures that all of the complex processes of implementing digital
transformation are broken down into easy-to-understand steps and packages.

Another approach to implementing digital transformation is the Reference Model for Industry 4.0 Service
Architecture (RM-SA). This provides an implementation guideline for technology-independent services in
the communication, information, and functional layers of RAMI 4.0 to ensure full interoperability between
4IR components.

The 4IR concepts are being applied to process industries to achieve a holistic integration of the automation,
business information, and manufacturing execution functions to improve all aspects of production and
commerce across process industries’ value chains for greater efficiency. The adoption of the 4IR
phenomenon involves numerous synergies among various technologies from various suppliers. The successful
implementation of 4IR compels the companies implementing it to redefine their technology management
strategies, as they have to retrofit smart processes into their entire value chain system.

In addition, for the smart process to work successfully and effectively through the entire value chain, a
comprehensive supporting technology platform is required that will ensure reliable data collection, data
processing and analytics, data exchange, connection, and co-ordination [98]. This is called the 4IR general
adaptation framework, which is one of the key approaches to implementing digital transformation.

Consideration of the organisational context is important for the successful adoption of 4IR/ digital
transformation technologies, as it affords the company an opportunity to select an appropriate route for
its digital transformation journey. This is particularly important, as the challenges and opportunities
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brought about by the advent of digital transformation/4IR may emerge spontaneously outside the perimeter
of existing company strategy.

Companies can also approach the adoption of digital transformation technological projects by following the
general technology management approach, which entails a diagnosis and an understanding of the
environmental context of the company’s strategic position, a commitment of resources to digital
technological projects, and a mode of implementation and organisation to execute the digital
transformation initiatives.

In conclusion, it can be seen that there is a need for frameworks and guidelines for the successful adoption
and implementation of 4IR technological initiatives.

4  CONCLUSIONS AND RECOMMENDATIONS

From the above discussions, it can be concluded that the influence and impact of digital transformation/4IR
is wide-ranging, and that it will affect all industries and every human life. All companies must consider
themselves relatively vulnerable to digital transformation technologies, and should strategise intensively
to embrace them. Given that the South African mining industry is one of the key industries for its socio-
economic contribution (employment, technological development, economic stability), it has to take a
prominent role in the adoption and implementation of 4IR/digital transformation.

The digital transformation in South African mining presents an opportunity to address its current major
challenges, such as high operating costs and relatively low profitability, safety and health issues, and
regulatory imperatives. It also gives the South African mining industry a strong mandate to face its global
competitors boldly and aggressively.

The Minerals Council of South Africa has defined 4IR as technological developments that blur the lines
between the physical, digital, and biological spheres. It essentially integrates cyber-physical systems and
the Internet of Things, big data, cloud computing, robotics, artificial intelligence-based systems, and
additive manufacturing. Thus there is a notable synergy and convergence among different technologies,
whether physical, digital, or biological.

The rate of digital transformation/4IR in the mining industry is still relatively low, and most mining
companies have not been successful in implementing it. There are various reasons why companies adopt
digital transformation: some are purely operational, and some are simply to achieve company-wide
strategies. The common triggers of digital transformation include improving quality management processes,
maximising production, improving working conditions in respect of safety and health, and ensuring quality
products and customer satisfaction.

Since digital transformation is an emerging phenomenon, companies encounter a lot of challenges, and
some of them lead to the failure of the implementation. The common challenges faced by companies when
adopting digital transformation relate to technology management, external constraints, change
management, IT/ICT infrastructure, leadership, and organisational constraints and capabilities.

The success factors identified in this article include the integration of physical and digital components,
leadership capabilities, a digital strategy, a review of existing business models, supportive and agile
organisational structures, and robust technology frameworks. However, there is a lot divergence over how
to measure success in the context of digital transformation — probably owing to the complex nature of
digital transformation and its novelty.

Existing approaches to the implementation of digital transformation/4IR include the Reference Architecture
Model Industry 4.0 (RAMI 4.0), which is a three-dimensional model that represents all of the different
interconnected features of a company’s operation. The RAMI 4.0 model ensures that all of the stakeholders
involved in the 4IR endeavour understand one another. Most importantly, there is a 4IR/digital
transformation adaptation framework, which is characterised by its communicating and networking aspects
(data collection, data processing, data analytics, and intelligent data management). There are also
supporting technologies such as cloud systems, sensors and actuators, virtualisation technologies, and
adaptive robotics.

From the integrative review of the literature conducted in this study, it can be concluded that, when
companies adopt digital transformation/4IR technological initiatives, they give themselves an opportunity
to improve their competitive positions, increase value creation, and improve risk management, because of
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the more efficient and faster production systems and innovative technology. However, the adoption of
digital transformation is a complex process that brings many challenges. What makes it particularly complex
is that it involves combinational technologies and diminishes the boundaries between technologies and
disciplines.

Future research could focus on developing frameworks and guidelines for adopting and implementing digital
transformation/4IR technological initiatives in the mining industry.
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