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This report presents findings from a comprehensive study 
investigating Research, Development, and Innovation 
(RDI) patterns at firm and sectoral level that contribute to 
drive the modernisation of South Africa’s mining sector.

EXECUTIVE SUMMARY
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Towards a modern mining 
future: why RDI matters

Modernisation is central to SA’s mining policy narrative 
and represents a strategic response to persistent structural 
challenges and emerging opportunities. Historically, mining 
has been the backbone of the national economy, but issues 
such as declining ore grades, rising operational costs, and 
ageing infrastructure increasingly threaten its sustainability. 
In this context, modernisation signals a shift away from 
legacy practices toward future-oriented approaches that 
prioritise technological advancement, competitiveness, 
and resilience.

While regulatory challenges exist, overall, a comprehensive 
policy framework provides a strong foundation for driving 
modernisation of mining through strategic interventions, 
from broad national strategies to sectorally targeted 
support to science, technology and innovation measures.  
The report traces the layered policy architecture supporting 
RDI for the modernisation of the mining sector, each 
component designed to translate strategic frameworks 
into practical support for RDI initiatives.

However, turning strategy into change and impact requires 
a solid understanding of current RDI activity and 
capabilities in mining firms. Understanding domestic 
firms’ technological capabilities, and the drivers of their 
RDI activity during a period of rapid technological change, 
is vital to ground and target strategies and instruments 
appropriately. This is an area where data and understanding 
remain limited.

This study begins to fill the evidence gap. It aims to 
investigate how the RDI activities of mining firms currently 
contribute to drive sectoral modernisation goals. The 
objective is to:

• 	E xplore the expected and unexpected outcomes 
of RDI, as reflected in local firms’ activities and 
practices.

• 	A ssess the key enablers that support and drive 
RDI for modernisation within these firms.

• 	A nalyse the barriers that hinder modernisation 
processes, at the level of sectoral innovation 
systems.

Behind the data: research design 
and process

The study explores firm-level RDI behaviour, focusing on 
local understandings of modernisation, RDI outcomes, 
enabling factors such as technological capabilities, 

skills, infrastructure, and collaboration and key barriers 
impeding innovation.

It does so first, through a desktop study of the mining 
value chain at the heart of the mining sectoral system of 
innovation, as well as a mapping of policy frameworks 
and instruments. It does so second, through the design of 
a new two-phase survey that adapted national R&D and 
business innovation survey instruments. The study covered 
the period of 2021-2023, and included 180 mining and 
mining services firms. Of these, 121 responded to an initial 
sectoral RDI profiling survey. A total of 90 of these firms 
were identified as RDI-active and were included in an 
in-depth RDI survey. Detailed analysis was conducted of 
responses from 61 firms, disaggregating between sub-
sectors, types of mining firm and differing patterns of 
advanced technology adoption. Although the data are 
statistically limited based of a small sample and must 
be read with caution, the study yields significant new 
evidence to inform targeted and nuanced interventions 
across firms in the sector, towards modernisation goals.

How RDI drives modernisation in 
the mining sector: An analytical 
framework

The study draws on the theoretical and conceptual 
literature to establish a robust analytical framework for 
examining the complex dynamics of RDI for modernisation 
within SA’s mining sector.

The framework begins with firms’ strategic modernisation 
objectives, which range from economic efficiency 
imperatives to environmental sustainability commitments, 
and these objectives fundamentally influence the types 
of research, development, and innovation enablers that 
firms prioritise. Such enablers encompass five dimensions 
of advanced technologies, funding mechanisms, skills 
development, infrastructure capabilities, and collaborative 
networks. The enablers directly influence the outcomes of 
modernisation efforts, which may manifest as intended 
achievements or unforeseen consequences across 
economic, social and environmental dimensions. However, 
systemic barriers – including weak infrastructure, regulatory 
misalignment, and constrained skills availability - can 
impede progress, diminish the effectiveness of enablers 
and ultimately compromise the realisation of intended 
outcomes.

Building upon these complementary analytical lenses 
allows the identification of key dimensions to structure 
the research design, instruments and data analysis.
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The need to broaden firms’ 
understandings of modernisation 
objectives

The results show that South African mining firms in the 
period 2021-2023 increasingly view modernisation as 
multi-dimensional. It reveals five primary themes they 
prioritise: health and safety enhancement, automation 
and technology adoption, environmental sustainability, 
data-driven operations, and process efficiency. The findings 
indicate that modernisation is primarily understood in a 
narrow way, as implementing new technologies and 
processes to enhance safety, while improving operational 
efficiency. Environmental considerations appear as a 
secondary dimension—less prominent than safety and 
efficiency—while data-driven decision-making serves as 
an enabling factor that supports improvements across 
all other dimensions.

The evidence suggests that there is a need to broaden 
firms’ understanding of modernisation, to include the 
critical systemic changes required for inclusive and 
sustainable transformation.

RDI activities reflect an emphasis 
on capability building and 
adaptive use of technologies

Between 2021 and 2023, 44% of the mining firms 
interviewed introduced new or significantly improved 
products or services, while 46% implemented process 
innovations. The findings reveal diverse RDI activities:
half of the firms engage in in-house R&D and about a 
third outsource it.

In general, innovation in the sector leans strongly toward 
the application of existing technologies rather than the 
development of new ones. Firms place considerable 
emphasis on employee training, engineering, design, 
and creative activities, alongside the acquisition of 
tangible assets such as machinery and equipment.
The high prevalence of engineering and design activities 
(reported by 54% of firms) reinforces the focus on 
adaptation, supporting the uptake and integration of 
existing technologies, rather than pioneering breakthroughs.

Overall, the results reinforce the argument that innovation 
in emerging economies like South Africa tends to diverge 
from traditional, R&D-intensive models, placing greater 

emphasis on capability building and adaptive use of 
technologies. Innovation in SA mines is often under-
reported because adaptation activities are not counted.

RDI has intended and unintended 
positive outcomes and benefits

The analysis of RDI outcomes confirms that mining firms 
experienced the anticipated operational improvements 
and productivity gains, including increased output, 
improved asset utilisation, enhanced employee skills, 
reduced downtime, decreased personnel costs, and 
positive environmental impacts. These findings indicate 
positive outcomes. For example, remote operation centres 
have been associated with substantial safety and 
productivity, while AI-driven predictive maintenance has 
been shown to reduce unplanned downtime and extend 
equipment lifetimes in mining operations.

Firms also report frequent experience of valuable 
unexpected advantages from their RDI activities, including 
fewer health and safety incidents, reduced personnel 
costs, and positive environmental and social impacts.

Some outcomes, such as reduced personnel costs and 
positive environmental effects, appear as both expected 
and unexpected results, which reflects varying innovation 
objectives across mining firms. This duality also indicates 
that whilst some companies deliberately target these 
benefits as strategic goals, others discover them as 
fortuitous by-products of their RDI efforts. While firms 
experienced positive outcomes, few negative outcomes 
were reported.

Skills and training as enabling 
factorS for modernisation

To successfully modernise mining operations, firms require 
a highly skilled workforce equipped with advanced 
technical expertise. Specialised skills are necessary 
for effectively operating and integrating emerging 
technologies such as automation, AI, and data analytics.

Only a small proportion of the mining workforce holds 
formal tertiary qualifications, so that two thirds of firms 
identified a need for specialised skills to modernise 
their operations. The analysis reveals comprehensive 
shortages of engineering and technical skills, as well as 
managerial skills.
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Firms categorised as ‘advanced technology adopters’ 
demonstrate marginally higher levels of formally qualified 
personnel, compared to ‘standard technology adopters’,1 
the majority of whom report relatively low qualification  
levels across their workforce. This skills deficit underscores 
qualification gaps that could significantly hinder RDI efforts 
within the mining sector.

Most companies recognise the importance of formal 
training, with the majority providing formal training to 
their workforce during the 2021-2023 period. However, 
a sizeable proportion (above 36%) did not provide 
any formal training, showing considerable room for 
improvement in the sector’s commitment to workforce 
development.

Internal company training programmes are widely utilised 
across all firms, followed by external private service 
providers. South African universities and public TVET 
colleges seem to be less utilised sources for training. 
Advanced technology adopters show much broader 
engagement with training resources, particularly from 
national universities and research institutes compared to 
standard technology adopters.

International training opportunities are still limited 
across the sector but are accessed mostly by advanced 
technology adopters. The near absence of international 
training across both groups points to potential systemic 
constraints in accessing global expertise.

These patterns suggest that technology adoption 
correlates with greater investment in both internal and 
external upskilling channels. For standard technology 
adopters aiming to adopt advanced technologies, 
expanding partnerships with academic institutions and 
private trainers could help bridge evident skills gaps.

RDI funding and investment 
as enabling factors for 
modernisation

Surveyed firms’ RDI investment amounted to R1.978 billion 
in the financial year 2023 – with the dominant share 
accounted for by mining rather than mining services firms. 
Amongst mining firms, the largest contributions to the 
total RDI expenditure comes from mining of gold and 
uranium, as well as mining of metal ores.

Firms focus the bulk of RDI expenditure on employee 
R&D training, followed by engineering, design, and 
other creative work activities, software development, 
and acquisition or lease of tangible assets. The 
disproportionate investment in training and tangible 
assets suggests a primary emphasis on immediate 
operational improvements and skills development, over 
long-term strategic innovation.

While software and engineering investments align with 
digital transformation trends, their lower funding compared 
to training confirms the trend to firms’ playing 
complementary (not leading) roles in innovation strategies.
The results also show that RDI financing relies almost 
exclusively on internal firm sources: very few firms 
reported that they receive help in the form of external 
funding via government support programmes or venture 
capital funds, a gap for potential intervention.

Collaboration and knowledge 
networks as enabling factors 
for modernisation

Given the scale and complexity of modernising mining 
operations, collaboration and partnerships are critical to 
mobilise necessary resources, expertise, and coordination, 
so that all stakeholders are working toward shared goals.

The most frequently reported collaborators were 
universities and other higher education institutions, 
followed by consultants and commercial labs, as well as 
competitors and other mining companies. Universities 
and research institutions play a key role in providing 
scientific and technical input, while consultants and 
labs offer specialised services and testing capabilities. 
Collaboration with competitors may indicate a growing 
recognition of the value of shared innovation and  
pre-competitive partnerships within the sector. These 
partnerships suggest a strong reliance on local expertise, 
knowledge generation, and industry-based collaboration 
to support RDI efforts.

In contrast, a relatively low percentage of firms reported 
collaboration with international partners, highlighting a 
potential gap in global knowledge exchange and 
technology transfer. This limited international engagement 
may restrict access to cutting-edge innovations, global 
best practices, and diverse funding opportunities. 

1  ”Advanced technology adopters” are firms that have integrated emerging or cutting edge technologies into their operations, while “standard 
technology adopters” are those that, while not employing the most advanced technologies, remain actively engaged in RDI through more 
conventional means.
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Strengthening international collaboration could enhance 
the sector’s exposure to advanced technologies and 
broaden its innovation networks, ultimately contributing 
to more robust and competitive modernisation efforts.
Similarly, mining firms rely heavily on very few sources 
of information to support their RDI and modernisation 
efforts. Internal sources emerged as the most 
prominent, with 92% of firms indicating that in-house 
knowledge, expertise, and experience play a vital role 
in informing innovation activities. This underscores the 
importance of building and keeping internal capabilities, 
including technical skills and organisational know-
how. Furthermore, 88% of firms reported sourcing 
information from suppliers of equipment, materials, 
components, or software. This suggests that suppliers 
are not just vendors but also key innovation partners, 
often offering critical insights into the latest technologies 
and operational efficiencies. Clients or customers were 
named by 72% of respondents as important sources of 
information. This reflects customer-driven innovation, 
where firms tailor their modernisation strategies based 
on client feedback and evolving market demands. 
Finally, consultants and commercial laboratories were 
also cited by 72% of firms, indicating a strong reliance 
on external technical expertise and specialised services. 
These actors often provide independent assessments, 
testing, and strategic input that support the design and 
implementation of advanced technologies.

Collectively, these findings highlight a blend of internal 
capabilities and strategic external partnerships as key 
drivers of information flow and innovation in the mining 
sector. By combining in-house expertise with external 
knowledge sources, mining companies can overcome the 
unique infrastructure and technological barriers prevalent 
in the South African context.

Advanced technologies and 
access to infrastructure as 
enablers

The survey evidence shows that while many companies 
use advanced and emerging technologies, far fewer are 
actively developing them. The gap between technology 
use versus development suggests most firms are 
technology adopters rather than creators, preferring 
to implement proven solutions that deliver immediate 
operational benefits, rather than to invest in developing 
emerging technologies with less certain returns.

The reliance on local resources coupled with scarce high-
end infrastructure suggests that the technology adoption 
of mining firms is currently tiered:

• 	 Widely adopted: Technologies with low 
infrastructure demands (e.g., IoT, AI).

• 	 Constrained: Advanced technologies requiring 
specialised, often global, infrastructure, such 
as High Performance Computing (HPC). These 
technologies require alignment with local 
capability development programmes.

The high adoption of technologies like computerised 
design and engineering, IoT, and AI corresponds directly 
with companies’ primary innovation goals of increased 
output, improved asset utilisation, and enhanced workforce 
skills. The limited development of technologies like 
nanotechnology, biotechnology, and blockchain reflect 
longer-term, more speculative investments that may 
not immediately deliver the operational efficiencies 
most companies prioritise. Moderate adoption of green 
technologies aligns with companies reporting positive 
environmental impacts as innovation outcomes.

These technology adoption patterns are directly reflected 
in the data on infrastructure access. High local access to 
skilled staff and ICT infrastructure enables widespread 
adoption of computerised design and engineering, IoT, 
and AI technologies. More limited access to research 
equipment, laboratory facilities, data management 
infrastructure, and especially large-scale computational 
tools, constrain development of technologies requiring 
specialised physical infrastructure, such as advanced 
manufacturing, nanotechnology, and robotics.

The overall pattern highlights a pragmatic approach to 
modernisation, grounded in existing domestic capabilities 
and infrastructure. In short, the current infrastructure 
landscape enables incremental innovation, but risks 
leaving firms behind in the global race for advanced 
mining technologies. 

The analysis also points to marked differences between 
advanced technology adopters’ and standard technology 
adopters’ perceptions of barriers. Advanced technology 
adopters appear more concerned with navigating complex 
market dynamics and accessing specialised skills, while 
standard technology adopters struggle with fundamental 
access to infrastructure and supportive regulatory 
environments. This differentiated understanding of 
barriers could help develop targeted interventions - 
addressing infrastructure and basic regulatory support 
for technology laggards while focusing on market 
stability, specialised skills development, and innovation 
ecosystem support for technology leaders.
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Barriers to modernisation in the 
sectoral system of innovation

The analysis identifies key systemic barriers that 
prevent companies from taking part in RDI activities 
for modernisation. From a governance perspective, 
strengthening science, technology and innovation 
incentives and refining regulatory frameworks could 
further support a more enabling institutional environment 
for innovation and modernisation in the sector. National 
infrastructure deficiencies further compound these 
challenges, particularly energy supply constraints 
and insufficient ICT and transportation access. These 
structural issues are exacerbated by comprehensive 
skills shortages spanning engineering, managerial, and 
technical roles, which align closely with the documented 
gaps in tertiary education and formal training provision.

Market-related barriers present additional complications, 
including significant uncertainty, dominance by 
established enterprises, and unpredictable domestic 
demand patterns. Notably, competitive pressure appears 
to be less problematic than other market factors. 
Dominance by established enterprises and unpredictable 
domestic demand patterns create uncertainty rather 
than competitive pressure, presenting additional 
modernisation challenges.

At the firm level, insufficient RDI investment coupled 
with limited technological design capabilities represent 
critical internal constraints. These findings underscore 
how financial limitations directly curtail innovation 
potential across the mining sector.

Evidence-informed suggestions 
to enhance, expand, integrate 
and target policy interventions

Understanding how current RDI capabilities align with 
modernisation goals in the mining sector yields significant 
evidence that can enhance the practice of industry bodies, 
firms, policy actors and government.

Effective policy intervention should simultaneously address 
foundational modernisation barriers that constrain most 
firms, while providing targeted support for mining firms 
facing higher-order innovation challenges. These include 
both new initiatives and enhancements to existing efforts 
to foster RDI, promote skills development, and enable a 
more inclusive and sustainable mining future. The firm 

level evidence is used to suggest where existing policy 
interventions can be expanded, deepened or targeted 
more effectively, or where gaps may be filled, to overcome 
the barriers and strengthen the enablers.

A first set of interventions relate to the need to promote 
shared policy goals across the mining sectoral system 
of innovation. Suggestions are made to develop sector-
specific innovation policies that acknowledge, and support 
differentiated and broader dimensions of modernisation, 
including the systemic changes required for inclusive and 
sustainable transformation. Further suggestions aim to 
shift firms’ limited perceptions of expected outcomes and 
leverage unexpected outcomes, by enabling systematic 
learning and knowledge transfer across the mining 
innovation ecosystem. For example, new standardised 
metrics and reporting systems that capture both intended 
and serendipitous outcomes can drive change towards 
shared modernisation goals.

A second set of interventions relate to the need to 
align and expand current policy strategies, platforms, 
interventions and practices, to address gaps in mining 
firms’ technological capabilities.

Specific and implementable suggestions are made, 
grounded in understanding of current mining sectoral 
policy frameworks and practices, informed by the analytic 
framework and empirical evidence:

• 	B uild firm-level RDI capabilities in heterogenous 
and differentiated ways.

• 	 Diversify and grow RDI funding and investment.
• 	 Grow firms’ ability to adopt more advanced 

technologies and to shape tailored technological 
advancements.

• 	A ddress critical capacity gaps for specialised skills, 
technical expertise and institutional support.

• 	E xpand the availability of advanced technical 
infrastructure to enable the adoption and scaling 
of cutting-edge innovations.

• 	S trengthen collaboration and interaction across 
the sectoral system of innovation, to leverage local 
and international knowledge networks.
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This chapter establishes the motivation for and focus of 
this study of the Research, Development and Innovation 
(RDI) activities driving mining modernisation in South 
Africa. To do so, it sets out the sector’s current context 
and challenges, situated historically by tracing sectoral 

evolution over political eras. The current layered policy 
and regulatory frameworks and strategies intended to 
support modernisation through RDI are described, as a 
backdrop for understanding the trends and patterns of 
firm RDI activity that are the focus of the report.

1. INTRODUCTION

Bathopele Mine
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1.1  Towards a modern mining 
future: Why RDI matters

Mining has long been central to SA’s economy. Since the 
discovery of diamonds and gold in the 1870s, the sector 
has consistently contributed to export earnings and 
Gross Domestic Product (GDP), peaking at 21% in 1980 
(Corrigan, 2019). Today, SA remains globally significant 
for its mineral wealth, with active operations across gold, 
platinum, coal, diamonds and more, including 80% of global 
platinum reserves (Brand South Africa, 2024; Minerals 
Council South Africa, 2025). The sector continues to drive 
employment, tax revenue, energy production, and social 
development, employing over 450,000 people and 
contributing around 8% to GDP (Musingwini & Minnitt, 2023).

However, mining faces increasing complexity due to 
structural challenges, such as declining ore grades, deeper 
mining operations (exceeding 4km in some cases), and 
rising operational costs (Van der Merwe & Phillips, 2024). 
These are compounded by socio-political issues including 
regulatory uncertainty, strained community relations, and 
labour tensions (Motsisi & Baxter, 2022). Energy constraints, 
marked by 15% annual electricity price hikes and frequent 
supply disruptions, further threaten operational continuity 
(Biyase & Edwards, 2023). Historical legacies, infrastructure 
limitations, and missed opportunities during past 
commodity booms have raised concerns about long-term 
sustainability (Jacobs & Webber-Youngman, 2017; 
Corrigan, 2019; Mpanza, Adam & Moolla, 2021).

Because of these challenges, given SA’s vast mineral 
endowment, there are currently strong incentives to 
modernise the industry (Matshego & Adams, 2024). 
Modernisation is increasingly viewed as a strategic 
imperative. This involves adopting digital technologies, 
innovative production methods, and new organisational 
models to enhance efficiency, sustainability, and resilience. 
Without a shift in mining methods, for example, deep-
level extraction may become unviable (Minerals Council 
South Africa, 2018). 

Recognising this urgency, multi-stakeholder research, 
development, and innovation (RDI) initiatives have 
emerged to drive collaborative solutions (Corrigan, 2019). 
At its core, modernisation is proposed as a people-centred 
transformation that demands labour-saving innovations 
and substantial workforce reskilling (Inglehart & Welzel, 
2007; Jacobs & Webber-Youngman, 2017). The Minerals 
Council South Africa (2018, 2019b) for example, highlights 
modernisation’s potential to preserve and create jobs, 
contributing to broader economic development.

Modernisation aligns closely with national RDI policies. The 
South African Mining Extraction Research, Development 
and Innovation (SAMERDI) strategy, launched in 2015 by 
the DSTI and MMP (Mandela Mining Precinct, 2022), aim 
to advance technological capabilities in mining. These are 
reinforced by the 2019 White Paper on Science, Technology 
and Innovation and the STI Decadal Plan (2022), which 
prioritise digital transformation, smart systems, and 
sustainable practices. These policy frameworks also 
emphasise the importance of human capital development 
and local innovation.

A central priority is building domestic technological 
capacity in the mining equipment and systems that are 
essential for sustained modernisation. Hence, strategies 
aimed at leveraging RDI are vital to drive the sector’s 
modernisation and transformation.

1.2  Modernisation of mining
	i n historical context

SA’s mining industry has undergone significant 
technological transformation since its inception in the 
late 19th century, and has evolved continuously through 
modernisation. The discovery of diamonds at Kimberley 
in 1867 and gold on the Witwatersrand in 1886 catalysed 
the first major phase of mining development, characterised 
by rudimentary extraction methods including picks, shovels, 
and primitive stamp mills (Feinstein, 2005). This initial 
period relied heavily on manual labour under the 
exploitative migrant labour system that would define the 
industry for decades to come (Wilson, 2001). The early 20th 
century saw the emergence of the second modernisation 
phase, marked by mechanisation and deeper-level mining. 
The introduction of pneumatic drills, steam-powered 
hoists, and cyanidation processes for gold recovery 
revolutionised extraction capabilities between 1900 and 
1930, enabling mines to reach previously inaccessible 
depths (Crush, Jeeves & Yudelman, 1991).

The post-WWII era initiated a third phase of 
technological advancement, with electrification 
transforming underground operations. From the 1950s to 
the 1970s, electric locomotives replaced steam engines 
for ore transportation, while improved ventilation systems 
addressed the increasingly dangerous conditions at depth 
(Lipton, 1985). This period also witnessed the introduction 
of more sophisticated rock drilling equipment and the 
advent of computerised monitoring systems. A fourth 
phase emerged in the 1980s and 1990s, marked by 
automation and digital innovations. Microprocessor-based 
control systems, improved explosives technology, and 
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the introduction of trackless mining vehicles significantly 
enhanced productivity while reducing reliance on labour-
intensive methods (Chamber of Mines of South Africa, 1998).

Since 1994, mining modernisation in SA has entered 
a fifth phase, shaped by the need to maintain global 
competitiveness while driving social change. This period 
has seen the introduction of advanced mechanisation, 
including continuous miners, remote-controlled 
equipment, and autonomous vehicles in open-pit 
operations (Cawood, 2004). Sophisticated geological 
modelling software, seismic monitoring systems, and 
real-time data analytics now enable more precise 
resource targeting and enhanced safety protocols 
(Vogt & Hattingh, 2013). The fifth and current phase of 
modernisation seeks to align technological progress 
with inclusive growth, aiming to reshape a historically 
extractive industry into one that supports South Africa’s 
long-term development goals (Minerals Council South 
Africa, 2019b).

1.3  A layered policy landscape 
framing modernisation in

	So uth Africa’s mining industry

The current mining modernisation agenda aligns closely 
with national RDI policies. SA’s mining industry operates 
within a dynamic policy environment that plays a crucial 
role in shaping RDI investment. This section reviews 
key policies that support innovation by promoting 
technological advancement, productivity, and sustainability. 

The mining sector policy frameworks reflect a layered 
approach, linking broad national goals to specific actions 
within the sector (National Planning Commission, 2012). At 
the highest level, national strategies set broad economic 
and development goals that guide industry regulation and 
change (Department of Mineral Resources and Energy, 
2018b). National policies guide the creation of sector-
specific policies and master plans that address specific 
industry challenges and opportunities (Department of 
Planning, Monitoring and Evaluation, 2019). These sectoral 
frameworks then shape economic and industrial policies, 
which identify important value chains and prioritise key 
minerals for national development (Department of Trade, 
Industry and Competition, 2018). 

Alignment with science, technology and innovation
policy is key in shaping and supporting RDI. The 2019  
White Paper on Science, Technology and Innovation and 
the STI Decadal Plan (2022) prioritise the modernisation 

of traditional sectors like mining, through digital 
transformation, smart systems, and sustainable practices. 
Closer to the level of practice, these policy frameworks 
are implemented through specific support programmes 
that provide financial incentives, research funding, 
and collaboration platforms to promote innovation, 
sustainability, and economic growth in the mining sector 
(Department of Science and Innovation, 2022; Technology 
Innovation Agency, 2021). The SAMERDI strategy, 
for example, launched in 2015 by the DSTI and the 
Mandela Mining Precinct (MMP) in 2022, aim to advance 
technological capabilities in mining. These frameworks 
and strategies all emphasise the importance of human 
capital development and local innovation.

While regulatory challenges exist, overall, the policy 
framework provides a strong foundation for driving 
modernisation through strategic interventions, from 
broad national strategies to targeted support measures. 
The layered policy architecture supporting RDI for the 
modernisation of the mining sector, each designed to 
translate strategic frameworks into practical support for 
RDI initiatives, are described in greater detail below, to 
situate the empirical study.

1.3.1  National strategic frameworks
At the apex of SA’s policy hierarchy, national strategic 
frameworks establish the overarching vision for economic 
transformation and sustainable development. The Mining 
Phakisa Initiative (MPI) exemplifies this through creating
a comprehensive national approach that promotes 
collaboration among government, industry, and academia 
to address systemic challenges and accelerate growth 
across the mining sector. This initiative represents the 
highest level of strategic intervention, aligning mining 
modernisation with broader national development 
objectives and establishing the foundational framework 
for multi-stakeholder engagement in driving innovation 
throughout the industry.

1.3.2  Sectoral policies and Master Plans
Building upon national strategic frameworks, sectoral 
policies translate broad objectives into mining-specific 
strategies and implementation roadmaps. The SAMERDI 
Strategy operates at this level, providing a focused 
sectoral approach that prioritises technological innovation 
to enhance safety, health, productivity, and environmental 
performance. Additionally, the Mineral Beneficiation 
Strategy (MBS) functions at this level by establishing 
sector-specific objectives for value addition within SA’s 
borders, promoting technological advancements in mineral 
processing to boost competitiveness and support broader 
industrialisation goals within the mining value chain.
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1.3.3  Economic and Industrial policies
This tier encompasses policies that identify critical value 
chains and provide economic incentives to support 
strategic mineral resource development. The R&D Tax 
Incentive (Section 11D of the Income Tax Act) operates 
at this level, offering a 150% tax deduction on qualifying 
R&D expenditures, to encourage mining companies 
to invest in R&D. The Upstream Mining Equipment 
Manufacturers Support Scheme (UMEMSS) also functions 
within this tier by strengthening local manufacturing 
capabilities and ensuring the availability of locally 
developed technologies. Furthermore, the Intellectual 
Property Rights from Publicly Financed Research and 
Development Act (IPR Act) provides the legal framework 
for ensuring that publicly funded research benefits SA’s 
industrial development by facilitating locally owned 
intellectual property (IP) rights.

1.3.4  Support programmes and targeted 
interventions

At the operational level, specific support programmes 
provide concrete mechanisms and platforms for 
implementing policy objectives through direct funding, 
research support, and collaborative infrastructure. The 
Technology Innovation Agency (TIA) exemplifies this tier 
by providing funding and technical support for early-
stage technology development, helping to commercialise 
innovative mining technologies. Similarly, the MMP 
operates as a targeted platform for intervention, serving 
as a collaborative research hub that brings together 
diverse stakeholders to focus specifically on modernising 
mining practices through cross-sector collaboration and 
the development of practical, implementable solutions 
that enhance productivity and sustainability in mining 
operations.

1.4  Why current RDI patterns 
and capabilities matter

The policy framework provides directionality to drive 
modernisation through strategic R&D and innovation 
interventions. A central priority of these frameworks is 
building the domestic technological capacity in mining 
equipment and systems that are essential for sustained 
modernisation. Together, these policy frameworks underpin 
a strategy aimed at leveraging RDI to drive the mining 
sector’s transformation.

However, turning strategy into change and impact 
requires a solid understanding of current RDI activity 
and capabilities in mining firms. This is an area where 

data and understanding remain limited. Existing data, 
for example from Statistics South Africa (Stats SA), 
focuses narrowly on adoption of basic Information 
Communication Technology (ICT) such as computers or 
the internet within the mining sector. This offers limited 
insight into broader RDI activities (Stats SA, 2022). A 
further limitation is that the national surveys on research 
and experimental development (CeSTII, 2025), and the 
national business innovation surveys (CeSTII, 2024) 
do not allow for disaggregated analysis of patterns, at 
mining sub-sectoral levels.

To address this gap in the evidence on RDI at firm level, a 
collaborative study was initiated by CeSTII of the HSRC, 
in partnership with the Minerals Council South Africa and 
the Research Institute for Innovation and Sustainability 
(RIIS). 

The aim is to investigate how mining firms are currently 
willing and/or able to contribute to achieve the 
modernisation goals set out in the intersecting policy 
frameworks, through RDI activities. Understanding 
domestic firms’ technological capabilities and the drivers 
of RDI activity, during a period of rapid technological 
change, is vital to ground and target strategies and 
instruments appropriately.

More specifically, the research aimed to systematically:
•	E xplore the expected and unexpected outcomes 

of RDI, as reflected in local firms’ activities and 
practices.

•	E xplore the alignment between policy intents and 
local firms’ understanding of the need for, and 
nature of, modernisation of the mining sector.

•	A ssess the key enablers that support and drive RDI 
for modernisation within these firms.

•	A nalyse the barriers that hinder modernisation 
processes, at the level of sectoral innovation systems.

The study does so primarily by designing new firm 
level surveys on RDI activities, conducted in the period 
between 2021 and 2023. By analysing RDI outcomes, 
and firms’ views on what helps or hinders modernisation, 
the study offers key insights into technology change 
in response to broader sectoral challenges. As the first 
focused study of RDI in the mining sector in South Africa, 
the findings will need to be read with caution, but 
they do provide crucial new evidence for the policy 
implementation process.  



Chapter 2 sets out an integrated analytical framework 
designed to examine the complex dynamics of RDI for 
modernisation within the mining sector specifically. To 
situate the analysis, a value chain and sectoral innovation 
systems lens is used. Concepts of modernisation are 
used to analyse firm and stakeholder perceptions of the 
objectives and outcomes of RDI. A set of five dimensions 
of capabilities are identified to guide the analysis of 
enablers at firm level, and a related set of dimensions 
is used to analyse the barriers at the level of sectoral 
systems of innovation. 

Chapter 3 describes the research design and process of 
two new, inter-connected mining RDI surveys, using and 
adapting national R&D and business innovation surveys 
to reflect sectoral conditions and challenges.

Chapter 4 describes the mining value chain and 
sectoral system of innovation, to situate firms’ 
perceptions of modernisation as reported in the profiling 
survey, within the mining sectoral modernisation 
discourse. It then provides an overview of the features 
and RDI activities of all the firms in the profiling survey.

Chapter 5 describes the empirical findings from the 
main survey of RDI-performing mining firms, describing 
activities and outcomes, and reported enablers and 
constraints, with an in-depth focus on those adopting 
advanced technologies.

Chapter 6 discusses and reflects on the firm level RDI 
patterns shaping the modernisation of mining in South 
Africa, highlighting a sector in transition, with firms 
embracing RDI as a strategic priority towards safer, more 
sustainable and more competitive practices.

Finally, Section 7 concludes by drawing out implications 
to guide policy implementation, pointing to areas where 
support is most needed, can be better coordinated or 
extended.

5Modernisation of Mining in South Africa: Research, Development and Innovation Patterns and Firm Capabilities (2021-2023)
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This chapter presents an integrated analytical framework 
created to understand patterns of RDI in the modernisation 
of mining in SA. The framework brings together 
complementary perspectives, depicted in Figure 1 below, 
which shows the intersecting levels diagrammatically.

2. AN APPROACH TO ANALYSING RDI
	FOR  THE MODERNISATION OF MINING

Impala Platinum Rustenburg. Photo by Philip Mostert
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First, it is necessary to understand the range of possible 
interpretations of modernisation in policy narratives and 
driving firms RDI activities, to assess their alignment. 
Second, it is vital to situate RDI in the mining sector 
contextually, for which purpose both value chain analysis 
and a sectoral innovation systems lenses are adopted. 
Third, standard R&D and business innovation survey 
concepts are adapted to investigate RDI activities and 
outcomes. Fourth, concepts are elaborated to analyse 
technological capabilities at firm level, to illuminate 
enablers of innovation. Finally, R&D and business 
innovation survey concepts are adapted to investigate 
the barriers at the level of sectoral systems of innovation.

Together, this analytical framework provides an 
overarching lens to guide the empirical design and
data analysis. Combining these approaches enables
the exploration of how firms’ RDI activities and broader 
patterns of transformation are reshaping mining 
practices. This section describes the conceptual 
distinctions contributed by each lens in turn, showing 
how they intersect to provide a guiding analytical 
framework for data collection and analysis.

2.1  Understanding modernisation:
	 A theoretical view

Rooted in classical sociology, modernisation theory 
emerged as a dominant paradigm in the 1950s and 1960s, 
drawing on the works of Marx, Durkheim, Weber, and 
Parsons. It posits that societies transition from “traditional” 
to “modern” states through a linear and irreversible process 
(Gilman, 2018). This transformation is typically marked by 
industrialisation, urbanisation, expanded access to 
education, and the adoption of rational, scientific methods 
for problem-solving.

More recently, modernisation has been used to explain 
uneven socio-economic development across countries 
(Korkeshko & Tuyakova, 2011). Theorists often frame it as 
a process initiated by technological and economic change, 
with shifts in social structures, cultural values, and political 
institutions seen as downstream effects (Inglehart & 
Welzel, 2007). From this perspective, economic production 
is viewed as the foundational sphere of human activity, 
and technological advancement as the catalyst for 
broader societal transformation. One influential model 
within this tradition is Rostow’s “Stages of Economic 
Growth”, which outlines a universal sequence of 
development (Rostow, 1960).

However, modernisation theory has faced substantial 
criticism. Scholars argue that it oversimplifies 

development by portraying it as a uniform, linear process, 
neglecting the diverse historical, cultural, and political 
contexts that shape each society’s trajectory (Inglehart, 
1997). Contemporary perspectives emphasise the role of 
knowledge economies, information technologies, and 
credible institutions particularly those that protect property 
rights and promote transparency. There is growing 
recognition of multiple development pathways, and the 
need to account for both internal dynamics and external 
influences in shaping modernisation outcomes. 

Two conceptual dimensions are identified to frame the 
study:

•	 Modernisation Objectives: This analytical 
dimension examines how companies think about 
and define modernisation in the way they run 
their businesses. The corresponding perceptions 
and practical examples illuminate firms’ strategic 
objectives and underlying rationale for pursuing 
RDI activities as modernisation tools. Traditional 
modernisation theory prioritises technological 
progress and economic objectives, but today’s 
context of South African mining also suggests the 
need for social and environmental objectives. 

•	 Modernisation Outcomes: This is an analytical 
dimension that gauges the outcomes of firms’ 
efforts to modernise through RDI. Outcomes 
can be economic, social or environmental – and 
they may be positive or negative, planned or 
unplanned. By examining them, we can see 
how well modernisation through RDI can help 
companies achieve their goals.

2.2  Using a value chain 
perspective to situate RDI 
and modernisation

A value chain perspective enables contextualisation that 
illuminates the sequence of activities, from exploration to 
rehabilitation, with primary mining operations at its core. It 
highlights the interconnected stages of mining operations 
and the relationships between firms along the chain. 
Understanding how mining firms are inserted into global 
value chains (GVC) is vital, to understand technological 
opportunities, knowledge flows and constraints. Similarly, 
there are diverse technological capabilities in firms 
operating in primary mining activities and firms that are 
connected through forward and backward linkages in 
different ways. Forward linkages extend from primary 
activities into processing, beneficiation, and value-added 
manufacturing. Backward linkages encompass the suppliers 
and support services that provide essential inputs to 
operations. These linkages may be local or international, 
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depending on the geographic location of associated firms 
whether suppliers, service providers, or customers. This 
perspective is essential for understanding how innovation 
and RDI activities diffuse across the mining ecosystem 
and influence modernisation efforts.

2.3  Insights from using a 
sectoral innovation

	 systems perspective

The RDI activities of mining firms along the value chain are 
embedded within a broader innovation system. As defined 
by Freeman (1987) and Nelson (1993), an innovation system 
refers to a network of institutions whose interactions shape 
the innovative performance of firms within a country. These 
systems encompass both market and non-market actors 
that facilitate the creation, transfer, adoption, adaptation, 
and diffusion of knowledge and technology. This process 
occurs through personal, collective, and organisational 
learning mechanisms (Lundvall 2016), making innovation 
a systemic and socially embedded phenomenon. 

The systemic perspective has been further refined to 
examine innovation within specific industrial contexts. 
Malerba (2002) defines a Sectoral Innovation System (SIS) 
as a set of products, and the agents involved in their 
creation, production, and sale, through both market and 
non-market interactions. Each system is characterised by a 
distinct knowledge base, technologies, inputs, and patterns 
of demand. The agents and organisations at various levels 
interact through processes of communication, exchange, 
cooperation, competition, and command, all shaped by 
institutional structures.

Developing innovative capabilities also requires 
organisations to acquire and assimilate new technical 
knowledge (Bell, 1984; Kim, 1997; Lall, 1992). This process 
may be undertaken individually, interdependently, or 
collaboratively, highlighting the importance of inter-
organisational linkages in fostering learning (Dantas & Bell, 
2011). Malerba (1992) further emphasises that learning by 
interaction involves establishing upstream and downstream 
linkages with other firms such as suppliers and users 
within the industry. These knowledge-intensive linkages 
not only support capability building and innovation across 
the supply chain but also embody elements of those 
capabilities themselves (Bell & Albu, 1999; Figueiredo & 
Piana, 2018).

The innovation systems perspective also underscores the 
role of non-market actors including universities, public 
research institutions, and government actors whose 
contributions are embedded within national and 

international institutional frameworks, as critical enablers 
of RDI. Situating firms’ RDI capabilities in an analysis of the 
sectoral innovation system is vital to understand enablers 
and constraints for modernisation.

More significantly, the sectoral innovation system 
perspectives enables the identification of the critical 
dimensions of systemic barriers to RDI. This dimension 
reflects the constraints that hinder RDI intended for the 
adoption and diffusion of advanced technologies and 
practices in SA’s mining sector. Within the SIS perspective, 
such barriers are not merely technical but systemic. They 
often stem from weaknesses in key components of the 
innovation system including infrastructure bottlenecks, 
skills shortages, misaligned regulatory frameworks, and 
socio-economic challenges.

2.4  Measuring RDI through OECD 
measurement frameworks

To ensure coherence and international comparability, 
the Mining RDI Survey (2021–2023) was designed in 
alignment with key OECD measurement frameworks:

•	 Innovation Measurement: The survey applied the 
broader definition of innovation outlined in the 
Oslo Manual (OECD, 2018).

•	 R&D Measurement: The standard R&D survey 
instrument was adapted according to the 
guidelines of the Frascati Manual (OECD, 2015).

•	B usiness Innovation Measurement: The approach 
followed methodologies from the South African 
Business Innovation Survey, which is based on 
the first three editions of the Oslo Manual and 
traditionally focused on manufacturing and 
services.

Building on CeSTII’s established survey practices in South 
Africa and considering time and resource constraints the 
Mining RDI baseline survey adopted a subject-based 
approach consistent with the Oslo Manual and the 
Community Innovation Survey (CIS) questionnaire. Both  
the R&D and business innovation instruments were adapted 
to capture the specific dynamics of research, development, 
and innovation (RDI) within the mining sector.

2.5  Analysing enablers of RDI
	at  firm level

There is a rich literature on how to analyse the RDI 
capabilities at firm level. To identify enablers of RDI 
performance at firm level, the analytical framework 
incorporates a set of conceptual dimensions developed 
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in the South African context. The Centre for Science, 
Technology and Innovation Indicators (CeSTII) (2022) 
identified five core dimensions that shape how state-
owned enterprises build and leverage R&D and innovation 
capabilities, by drawing on the international and local 
literature. These dimensions provide a structured way to 
“open the black box” of the enterprise and understand 
the internal factors that enable or constrain innovation.

Together, these five dimensions - human capabilities, 
technological capabilities, research infrastructure, 
networks, and governance - offer a holistic lens for 
examining how organisations generate, absorb, and apply 
new knowledge. Human and technological capabilities 
determine the skills and technical know-how available 
for innovation. Analysis of research infrastructure reveals 
how the physical and knowledge resources required to 
conduct RDI are available. Understanding how networks 
facilitate collaboration and knowledge exchange reveals 
a key set of enablers. Investigating firm and institutional 
level governance reflects the institutional conditions 
under which innovation occurs. Applying these analytical 
dimensions in the current project allows for a systematic 
assessment of the enablers, barriers, and outcomes 
associated with innovation activities at firm level, and 
at the intersecting levels of the sectoral system of 
innovation (CeSTII, 2022).

Five conceptual dimensions are adopted to guide the 
design and analysis of RDI data:

•	 Technological Capabilities are about a 
company’s ability to adopt, adapt and develop 
innovations. They form the backbone of 
modernisation efforts at the firm level, reflecting 
both the value chain’s need for continuous 
improvement and the innovation system’s 
emphasis on knowledge creation. This can include 
doing their own R&D to develop new products 
or processes or making smart use of advanced 
technologies and specialised tools, equipment or 
services developed elsewhere.

•	 Funding and Investment Patterns influence 
how resources are allocated across the value chain 
and within the innovation system. The use of own 
funds as well as access to external funding reflects 
strategic priorities and shapes the trajectory of 
modernisation. This dimension acknowledges 
that technological advancement requires not only 
innovative ideas but also financial commitment 
from both public and private actors in the system.

•	 Human Resources and Skills Development 
are central to both modernisation and innovation 
systems perspectives. As mining shifts toward 
more technology-intensive methods, people 

are not simply resources to be replaced, but 
capabilities to be strengthened. Building 
specialised skills aligns with the innovation 
system’s emphasis on knowledge networks while 
also addressing the socio-economic priorities 
emphasised in modernisation.

•	 Infrastructure Access directly connects to all 
three perspectives in our framework. From a value 
chain standpoint, infrastructure enables the flow 
of materials, equipment, and products, thereby 
affecting cost structures, market access, and 
competitive positioning within value chains. Within 
the innovation system, it facilitates knowledge 
exchange and technology diffusion. Infrastructure 
also supports the physical clustering of innovative 
actors (universities, firms, research centres) and 
enables the digital connectivity essential for 
modern innovation networks. The modernisation 
perspective recognises infrastructure as both 
an enabler of and constraint on technological 
advancement. Furthermore, infrastructure 
represents accumulated technological capabilities 
from previous modernisation waves, while 
simultaneously determining the feasibility and 
direction of future technological adoption.

•	 Collaboration and Knowledge Networks 
stand at the heart of the SIS. The complex 
interactions between mining firms, equipment 
manufacturers, research institutions, government 
agencies, and labour organisations shape the 
direction and pace of modernisation. Adopting an 
innovation systems approach reveals that these 
networks, which traverse the entire value chain, 
facilitate not just knowledge transfer but also 
knowledge creation through collaborative R&D and 
problem-solving across organisational boundaries. 
Consequently, these networks can reshape 
traditional value chain relationships, transforming 
supplier-buyer dynamics into collaborative 
innovation partnerships and creating new forms of  
value capture through shared knowledge assets. For 
instance, when mining companies and equipment 
suppliers co-develop automation technologies, both 
parties benefit from intellectual property rights, 
operational efficiencies, and market advantages 
that would not accrue from a simple transactional 
relationship. They embody the multi-stakeholder 
approach essential to addressing the challenges 
identified in modernisation. As such, they become 
the primary mechanism through which technological, 
economic, social, and environmental challenges are 
negotiated and addressed collectively, rather than 
by individual actors alone. Furthermore, these 
networks can exhibit path-dependent characteristics, 
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whereby existing relationships and established trust patterns influence 
future collaboration possibilities. For example, mining houses with long- 
standing partnerships with specific engineering firms or universities are 
more likely to engage these same partners for new innovation projects, 
while newer entrants or alternative collaborators face barriers to entry 
despite potentially valuable capabilities. This directly ties back to how 
a region’s or sector’s historical modernisation trajectory continues to 
shape its current capacity for innovation. 

2.6  How RDI drives modernisation in the 
mining sector: An analytical framework 

The theoretical and conceptual foundations outlined above establish a 
robust analytical framework for examining the complex dynamics of RDI for 
modernisation within SA’s mining sector. Building upon these complementary 
perspectives allows identification of key dimensions to structure the research 
design, instruments and analysis: modernisation objectives, outcomes, enablers, 
and barriers (see Figure 1).

The modernisation framework provides a holistic lens through which 
to understand how South African mining firms pursue innovation and 
transformation. The framework begins with firms’ strategic objectives, which 
range from economic efficiency imperatives to environmental sustainability 
commitments, and these objectives fundamentally influence the types of 
research, development, and innovation enablers that firms prioritise. Such 
enablers encompass advanced technologies, funding mechanisms, skills 
development, infrastructure capabilities, and collaborative networks. 

These enablers directly influence the outcomes of modernisation efforts, 
which may manifest as intended achievements or unforeseen consequences 
across economic, social and environmental dimensions. However, systemic 
barriers – including weak infrastructure, regulatory misalignment, and 
constrained skills availability - can impede progress, diminish the effectiveness 
of enablers and ultimately compromise the realisation of intended outcomes.

The integrated analytical framework highlights how firm level enablers 
facilitate and systemic barriers limit the ability of firms and institutions to 
innovate, collaborate, and respond effectively to modernisation imperatives. 
Recognising and addressing these interconnected constraints is essential for 
designing realistic and inclusive strategies that not only advance technological 
change but also support broader goals such as competitiveness, sustainability, 
and equitable development in the mining sector. 

By unpacking these interrelated dynamics, policymakers can move
beyond generic solutions to craft targeted interventions. Informed by this 
understanding of how innovation networks operate together, they can 
develop precise strategies ranging from incentives and education programmes 
to infrastructure upgrades and regulatory reforms. For example, incentives 
may be designed to address areas of chronic underfunding or technology 
neglect; regulatory reforms might be championed to dismantle institutional 
barriers; and coordinated infrastructure upgrades can be pursued to tackle 
physical constraints. This approach fosters a supportive environment for 
sustainable mining modernisation – one that promotes economic advancement, 
social equity, and environmental stewardship.

Figure 1:	Mining 
modernisation 
analytical 
framework

(Source: Authors)

Modernisation 
Objectives

Firms understanding of 
modernisation, including 

economic objectives,
social objectives and 

environmental objectives

Modernisation 
Outcomes 

Economic, social and 
environmental impacts of 
modernisation initiatives 

(intended/unintended and
positive/negative)

Modernisation 
enablers

•  Technological Capabilities 
•  Funding & Investment

•  Human Resources & Skills 
•  Infrastructure Access

•  Collaboration & Knowledge 
Networks

Modernisation  
BARRIERS

Constraints affecting 
implementation, 

infrastructure limitations, 
skills gaps, regulatory 

frameworks, socio-economic 
frameworks
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This chapter presents the research design adopted for 
the study. It provides a concise summary of the full 
methodology, which is detailed in the Methodological 
Note in the Appendices. Given the limited research and 
data available on RDI activities within the mining sector 
at a sectoral level, this study adopts an exploratory 
approach to address the knowledge gap. It focuses on 
firm-level RDI patterns associated with the modernisation 
of mining, within the context of the sectoral system of 

innovation. Specifically, the study investigates firms’ 
conceptualisation of modernisation, the outcomes of 
their RDI activities, and the key enablers framed through 
dimensions of firm capabilities including technological 
capacity, infrastructure access, human resources and skills, 
funding, and networks and collaboration. Additionally, it 
examines barriers to RDI and the sources of information 
and knowledge that firms rely on.

3. BEHIND THE DATA: RESEARCH DESIGN
	AND  PROCESS

GlenCore Boshoek Smelter. Senior analyst, Maseqo Motloung, at the lab. Photo by Philip Mostert
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The study employed mixed methods, 
centred around a two-tiered survey 
methodology. Desktop work was 
undertaken to map the mining value 
chain and the mining sectoral innovation 
system, using secondary sources; 
and to analyse evolving policy and 
regulatory frameworks. An initial 
profiling survey of all firms was 
conducted to identify RDI-active firms, 
followed by a comprehensive main 
survey that explored their RDI patterns 
in greater depth. Given the novelty 
of the approach, the methodology 
of necessity involved extensive 
stakeholder engagement, rigorous 
data processing and validation 
protocols to ensure the reliability and 
credibility of the findings.

3.1  Survey Design

The methodology featured a two-
tiered survey approach:

•	 Profiling Survey - A short 
survey to identify RDI-active 
firms to be included in the 
focused main-survey, covering 
economic classification, 
operation types, commodity 
focus, innovation activities, 
technology utilisation, and 
modernisation concepts.

•	 Main RDI Survey - A 
comprehensive 30–60 minutes 
survey for RDI-active firms, 
investigating outcomes from 
RDI activities, enablers of RDI 
for modernisation of mining, 
and possible barriers.

Survey instruments were developed 
through a systematic process. The 
indicators for the 2021-2023 Mining 
RDI Survey were adapted from the 
standard European Community 
Innovation Survey (CIS) framework, 
as implemented in the South African 
Business Innovation Survey series. 
These standard CIS questions were 
then refined to be more mining 
specific based on stakeholder input 
and literature review. 

3.2  Sampling and Participants

The study targeted firms within the mining sector, as defined by Standard 
Industrial Classification (SIC) code 20000 (see Figure 2). The sample of 
180 mining and mining services firms was selected using purposive, non-
probability sampling. Selection was drawn from three primary sources: 
the Minerals Council South Africa member list, and two existing surveys 
conducted by HSRC’s CeSTII—namely, the Research and Experimental 
Development (R&D) Survey and the Business Innovation Survey (CESTII, 
2024). Of 121 firms that completed the profiling survey – representing a 
67.2% response rate—90 RDI-active (organisations that reported at least 
one RDI activity) organisations were identified for participation in the main 
survey. Ultimately, 61 of these organisations completed the full questionnaire, 
resulting in a response rate of 67.8% for the main RDI survey.

sampling process for rdi mining modernisation

Initial population definition
Mining Sector (SIC 20000), Coal, Gold, Metal Ores, Other Mining

Purposive Sampling
180 Mining and Mining Services Firms

Profiling Survey Respondents
121 Firms (67.2% Firms Responded)

Main RDI Survey - Final study sample
90 RDI active firms

Minerals Council 
Member List

CeSTII 
R&D Survey

Business 
Innovation Survey

Profiling Final SamplePopulation Data Sources Initial Sample

Figure 2: Sampling process diagram

(Source: Authors)
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3.3  Data Collection

A multi-channel approach was implemented to maximise 
response rates. This approach included the following 
methods:

•	O nline surveys administered through a RedCap2 
portal.

•	P DF survey options to allow for offline completion.
•	 Facilitated interviews conducted by research team 

members.
•	 Field visits conducted during the Electra Mining 

Expo 2024.

Participant recruitment followed a structured process 
beginning with automated email invitations, followed 
by personalised outreach through targeted emails, 
systematic follow-up calls, and reminder messages. This 
effort was further supported by formal endorsements 
from industry associations such as the Minerals Council 
South Africa and MEMSA to enhance credibility and 
participation.

3.4  Data Management and 
Analysis

The research team implemented a structured five-step 
protocol to ensure high data quality:    

1	 Duplicate removal and cross-checking of entries;
2	E nforcement of skip logic and consistency 

verification;
3	C ompletion assessment with follow-up procedures 

for missing data;
4	 Qualitative response quality evaluation;
5	O utput validation and formatting verification.

The analysis employed a dual-team verification process 
involving independent teams from HSRC and RIIS who 
examined the data separately before cross-validating 
results. Analytical approaches combined descriptive 
statistics with thematic coding of qualitative responses, 
with particular emphasis on identifying patterns across 
different RDI dimensions. 

3.5  Quality Assurance and Ethics

Validity was enhanced through instrument validation, 
cognitive testing, expert review, process standardisation, 
researcher training, and quality control checks. Reliability 
was supported through dual independent analysis and 
inter-coder reliability verification. Ethical considerations 
included ensuring voluntary participation, providing 
respondent support through multiple response options 
and technical assistance, and implementing data 
protection through secure storage and anonymisation 
procedures.

3.6  Limitations

The study faced several limitations, including initially low 
response rates, inconsistent survey completion times, and 
potential inconsistencies between response methods – 
such as online self-completion versus telephonic completion 
with a researcher. Additionally, the sample exhibited 
representativeness limitations regarding firm sizes and 
mining subsectors, which must be acknowledged when 
interpreting the findings.

2  REDCap (Research Electronic Data Capture) is a secure, web-based platform designed for building and managing online databases and surveys.
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This chapter is the first of two that present and describe 
the empirical data. It begins by describing the mining 
value chain and the sectoral system of innovation, drawing 
on secondary sources. It then identifies key themes in the 
perceptions of mining firms, relative to sectoral and policy 

narratives of modernisation. Finally, the chapter describes 
the profile of all mining firms surveyed. This serves to 
situate the presentation in the following chapter, of the 
distinct patterns of activity, outcomes and enablers found 
in the smaller set of RDI active mining firms.

4. SITUATING MODERNISATION OF THE 			 
	 MINING SECTOR: EMPIRICAL RESULTS

Harmony Gold Mponeng. Photo by Philip Mostert
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4.1  South Africa’s mining value chain

The South African mining value chain encompasses a sequence of activities from exploration to rehabilitation, with 
primary mining operations at its core. As illustrated in Figure 3, this perspective highlights the interconnected stages of 
mining operations and the relationships between firms along the chain. Mining is characterised by a global value chain 
(GVC) where firms operating in primary mining activities are connected through forward and backward linkages. This 
perspective is essential for understanding how innovation and RDI activities diffuse across the mining ecosystem and 
influence modernisation efforts.

Historically, SA has shown stronger development in 
backward linkages, especially in mining equipment 
and services, compared to forward linkages in mineral 
beneficiation (Andreoni, Kaziboni, & Roberts, 2021). Key 
suppliers in the mining value chain include specialised 
mining machinery and equipment companies. According 
to Andreoni et al. (2021), these firms operate in specific 
product segments, including underground and surface 
mining equipment, off-road specialised equipment, 
mineral processing, and material handling. The mining 
equipment suppliers provide and develop equipment that 
is used in both the upstream and downstream mining 
value chains (Phele, Roberts, & Steuart, 2005; Phele & 
Roberts, 2005).

The value chain perspective recognises that mining 
requires different methods and processes depending 
on the commodity being mined, the geophysical 
characteristics of the specific ore, and the environment 
in which the mining is taking place. There are three 
main categories of mining: open-pit, underwater, and 
underground mining. Each category presents distinct 
challenges and opportunities for innovation, requiring 
specialised technologies and approaches that influence 
how firms engage in RDI activities along the value chain.

Licenses, 
surveys, 

geological 
mapping

Capital 
equipment, 

shaft/pit 
development, 

surveys

Support 
services, 
energy 
& water, 
labour

Plant 
equipment, 

energy, 
consumables, 

water

Energy, 
labour, 

consumable 
scrap 

material

Product 
development 
& engineering, 
manufacturing 
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Rehabilitation
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closure

Figure 3: Mining value chain
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4.2  South Africa’s mining innovation system

As shown in Figure 4, SA’s mining innovation system can be mapped with primary mining activities positioned at the heart 
of the value chain. Within the SIS framework, strong backward linkages connect these activities to suppliers and support 
services - including equipment manufacturers, engineering firms, and technical service providers - which are further 
strengthened by a network of sector-specific research institutions and universities driving technological development. 
However, forward linkages - such as those connecting mining outputs to downstream manufacturing and processing 
industries - remain relatively underdeveloped, limiting the broader diffusion of innovation across the value chain.

Infrastructure 
Provider 

•	 Eskom Holdings
	SOC  Ltd
•	 Transnet SOC Ltd
•	 Water Utilities 

Corporation
•	 State Information 

Technology Agency
•	 etc.

Science Research and 
Higher Education 

Research Organisations
•	 Council for Scientific and 

Industrial Research (CSIR)
•	 Mintek
•	 Council for Geoscience
•	 Mandela Mining Precinct

Higher Education Instititions
•	 University of Witwatersrand
•	 University of Pretoria
•	 University of Johannesburg
•	 University of South Africa
•	 University of Cape Town
•	 University of Stellenbosch
•	 etc.

Government Departments 
and Agencies 

Departments
•	 Department of Science, 

Technology and Innovation
•	 Department of Minerals and 

Petroleum Resources
•	 Department of Trade,
	 Industry and Competition

Agencies
•	 National Research
	 Foundation
•	 Technology Innovation
	A gency
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Financing and Regulatory Organisations 

•	 Industrial Development Corporation
•	 Development Bank of Southern Africa

•	 Mining Qualifications Authority
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Industry Organisations
•	 Minerals Council South Africa
•	 Mining Equipment 

Manufacturers of South Africa
•	 Mining Industry Association
	 of Southern Africa
•	 South African Mining 

Development Association
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•	 National Union of Mineworkers
•	 Association of Mineworkers 

and Construction Union
•	 Solidarity

Figure 4: Actors of the mining system of innovation and production in South African mining
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Forward (downstream) linkages from primary mining 
operations - such as those leading to mineral beneficiation, 
manufacturing, and export-oriented industries - are shaped 
by a multifaceted innovation ecosystem. This includes 
research into novel mineral applications, advancements 
in processing technologies, and the development of 
emerging market opportunities. However, these linkages 
with downstream actors remain relatively weak, possibly 
constrained by limited industrial capacity, fragmented 
policy coordination, and insufficient investment in 
downstream value addition.  

The mining SIS in SA is supported by a diverse set of 
knowledge actors such as Mintek, a public research 
institute that collectively enables technological 
advancement and systemic transformation. At its 
foundation is human capital development, driven by 
technical training institutes and universities that supply 
the skilled workforce essential for innovation. Financial 
institutions and government agencies complement this 
by providing the capital and regulatory frameworks 
necessary to stimulate supply-side innovation. Cross-
cutting institutions further reinforce the system: 
government policies and regulations create an enabling 
environment for innovation across the value chain; 
industry associations facilitate collaboration and 
the transfer of knowledge among stakeholders; and 
financial institutions invest in initiatives that promote 
sustainable growth. These actors form a multifaceted 
and interdependent ecosystem that supports innovation 
throughout the mining sector. 

However, the linkages between them remain unevenly 
integrated, creating both opportunities and barriers for 
technological processes. Several sector-specific initiatives 
have been established to advance science, research, and 
innovation in SA’s mining sector (Andreoni et al., 2021; 
Minerals Council South Africa, 2019a), offering valuable 
insights into the transformation process. In 2015, for 
example, the MPI brought together industry stakeholders, 
equipment manufacturers, universities, research institutions, 
and government departments to shape the country’s mining 
future. The then Department of Science and Technology 
(DST) led R&D efforts, introducing the SAMERDI strategy. 
The MMP was established to implement the SAMERDI 
strategy, under the management of the Council for 
Scientific and Industrial Research (CSIR) and Minerals 
Council. The then Department of Trade and Industry (the 
DTI) supported industrial policy and local manufacturing, 
while the Department of Mineral and Petroleum Resources 
(DMPR) ensured regulatory alignment. One key outcome 
was the formation of Mining Equipment Manufacturers 
of South Africa (MEMSA), a development cluster aimed 
at boosting local mining equipment production for both 
domestic and export markets. The Minerals Council 

South Africa contributed seed funding for research, while 
commitments have been made by several universities 
with expertise in mining and the CSIR to participate in 
these programmes. 

SA’s mining innovation system faces significant constraints 
from infrastructure dependencies, particularly through 
state-owned enterprises that serve as essential service 
providers. For example, Eskom supplies electricity to 
mining operations that consume nearly 30% of national 
power generation, yet persistent energy crises and 
escalating tariffs have fundamentally undermined 
operational viability, especially affecting energy-intensive 
gold and platinum operations. While some firms are 
pursuing renewable energy, these initiatives encounter 
substantial cost barriers and complex regulatory 
frameworks that impede implementation. Transportation 
infrastructure presents equally formidable challenges 
through Transnet’s deteriorating rail network, where 
frequent service disruptions and derailments impose 
significant financial burdens on mining operations 
dependent on bulk commodity transport. The situation is 
compounded by inadequate road conditions in remote 
mining areas which restrict supplier access and complicates 
logistics operations. These infrastructure challenges 
reflect broader systemic governance challenges within 
state-owned enterprises, creating cascading effects that 
substantially constrain the mining sector’s capacity for 
innovation investment and technological advancement.  

Labour organisations also represent a critical component 
of the mining innovation system, with unions such as the 
National Union of Mineworkers (NUM) playing an active 
role in technology implementation negotiations and work 
process transformations. These organisations serve as 
intermediaries between workforce and management, 
shaping the trajectory and pace of technological adoption 
while championing safety and health enhancements 
and skills development initiatives. Their engagement in 
mechanisation and automation dialogues facilitates the 
integration of efficiency objectives with broader socio-
economic imperatives, contributing to a more inclusive 
innovation framework. The unions’ advocacy ensures 
that technological advancement considers workforce 
implications, creating pathways for worker participation 
in the innovation process. 

However, the labour landscape remains complex marked by 
a history of industrial unrest and inter-union competition 
that has periodically disrupted mining operations. These 
tensions have occasionally compromised safety protocols 
during periods of labour conflict (Corrigan, 2019), 
highlighting the delicate balance required to maintain 
both operational continuity and constructive labour 
engagement in innovation processes.
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4.3  Perceptions of 
modernisation in South 
Africa’s mining sector 

While there is general agreement about the need for 
modernisation across the sectoral innovation system, 
there needs to be alignment in the interpretations of 
the role of RDI in driving modernistation. Accordingly, 
this section first provides an overview of the discourses 
around modernisation in the mining sector as reflected 
by industry and policy stakeholders. It then identifies 
themes from an original analysis of the perceptions of 
modernisation, reported by firms in the profiling survey.

4.3.1  Mining sector public discourse on modernisation
In general, in SA’s mining sector public discourse, 
modernisation is understood as the implementation, 
adoption, and advancement of technologies to enable 
value creation and sectoral transformation (Jacobs & 
Webber-Youngman, 2017). Current mining methods are 
increasingly inadequate for accessing deeper reserves, 
leading to rising operational costs, declining productivity, 
and diminishing ore grades. These challenges have 
contributed to premature mine closures, particularly in 
gold and platinum operations. Gumede (2018) argues that 
conventional mining approaches are unsustainable for 
future production, reinforcing the urgency of modernisation. 

While modernisation is often associated with technological 
innovation, the discourse among industry and policy 
stakeholders in SA reflects a broader interpretation. It 
encompasses skills development, safety improvements, 
and environmental sustainability. For instance, the Minerals 
Council South Africa (2019) emphasises that modernisation 
is a people-centred transformation, prioritising workforce 
reskilling to meet the demands of a technology-driven 
environment and fostering community development through 
local partnerships. Moreover, advanced technologies are 
expected to enhance operational efficiency and safety 
by removing workers from hazardous environments and 
enabling remote operations contributing to the sector’s 
“zero harm” goal (African Decisions, 2024). 

Sustainability is also positioned as a core pillar of 
modernisation. Stakeholders advocate for reduced 
waste, lower energy consumption, and comprehensive 
land rehabilitation to align mining practices with global 
environmental standards (African Mining, 2023). This 
environmental dimension, alongside technological 
advancement, skills development, and safety improvements, 
underscores that modernisation in SA’s mining sector is 

not a singular technological fix but rather a multifaceted 
transformation addressing the sector’s operational, social, 
and environmental challenges simultaneously. 

Modernisation theory traditionally views societal evolution 
as a linear transition from traditional to modern states, 
driven by technological progress. In the South African 
mining context, however, modernisation is not only 
a response to declining productivity and resource 
depletion but also a strategic framework that integrates 
technological, social, and environmental dimensions. This 
broader understanding reflects national and international 
policy priorities and highlights the role of innovation in 
shaping a more inclusive and sustainable mining sector.

4.3.2  Mining firms’ perspectives on modernisation 
Policy impact requires alignment between these policy 
objectives and how firms in the mining sectoral innovation 
system interpret the concept of modernisation. This 
section presents the results of a thematic analysis of 
firms’ perceptions as captured in the profiling survey data. 
Qualitative responses were systematically grouped into 
themes that represent recurring ideas or perspectives at 
firm level. It is inductive in nature (themes emerge from 
participants’ responses) but also guided by the over-
arching research aim (understanding local interpretations 
of modernisation).

Table 1 provides an overview of the thematic categories 
that were evident in firms’ definitions, their meanings, 
and examples of local modernisation practices in mining. 
Analysis of participant responses revealed that local 
understandings of “modernisation” extend beyond a 
narrow association with high-technology adoption. 
Five core themes emerged from the analysis: safety 
enhancement, automation and technology adoption, 
environmental sustainability, data-driven operations, 
and process efficiency. These themes stand for the 
multifaceted nature of mining modernisation, reflecting 
both operational imperatives and broader societal 
expectations for the industry.



Table 1: Local Firms’ perspectives of modernisation of mining

theme Examples of theme specific responses

Safety 
enhancement

Automation
and
Technology 
adoption

Environmental
sustainability

Data-driven 
operations

Process
efficiency

Multi-
dimensional

•	 “Modernisation would be to increase safety for a labour-intensive operation.”
•	 “Finding methods and means to mine better, and safer.”
•	 “Implementation of collision avoidance systems to mitigate the risks of trackless mobile 

equipment accidents.”
•	 “Use of latest technology to improve safety and operational processes in mining.”
•	 “Less exposure of persons to a risky environment.”

•	 “The use of AI in progressing mining and processing to the Fourth Industrial Revolution. 
Automation of mining activities.”

•	 “Automated drilling: Employing of drilling rigs that can be operated either from a remote 
location or even without any operator.”

•	 “Less physical work, more machines doing the work.”
•	 “Shifting from drill and blast to hard rock cutting and incorporating mining methods that 

support efficient operations.”

•	 “Reducing overburden and tailings. Reduce contamination and lowering energy intensity overall.”
•	 “Water conservation and fines treatment: Modernised water conservation methods, such as drier 

tailings solutions.”
•	 “Energy efficiency: Adoption of green technologies leveraging on electric or hydraulic equipment 

to minimise on carbon emission.”
•	 “Change the process and technologies so that it is safer more cost effective and environmentally 

friendly.”

•	 “Real-time monitoring systems: Monitoring devices and IoT (Internet of Things) devices placed 
at this mining location.”

•	 “Big data analytics: Big data processing for the improvement of mining business processes.”
•	 “Real time data gathering, so it can be changed into usable information for decision making on 

time every time.”
•	 “A Fleet Management System (FMS) for a mine site is a suite of specialised software running on 

ruggedised (resistant to pressure) hardware.”

•	 “Streamlining processes and products with cost saving initiatives.”
•	 “Introduce more efficient processes into the mining services.”
•	 “Improved IQ engineering to improve plant yield and production.”
•	 “Use of technologies that can perform big jobs safely and efficiently.”

•	 “Adaptation of new ways of work, improvement of processes through innovation or upgrading 
tools and equipment to the latest technology for the benefit of improving ergonomics, safety, 
efficiency and cost.” (Covers efficiency, safety, and technology adoption).

•	 “Modernisation of current mining processes and technologies current mining processes and 
technologies.” (Broadly refers to process and technology dimensions).

•	 “We manufacture products that improves the safety of cable anchor installation underground,
	 as well as products that improve the general process.” (Combines safety and process efficiency).
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Safety enhancement: A strong and recurring 
interpretation of modernisation emphasised 
improved worker safety. Respondents associated 
modernisation with “finding methods and means to 
mine better, and safer” and with reducing human 
exposure to hazardous environments.

Automation and technology adoption: Modernisation 
was also frequently equated with automation and 
mechanisation, including remote-controlled drilling, 
rock-cutting technologies, and the application of 
artificial intelligence (AI) in mining operations. The 
corresponding statements directly connect reducing 
physical human labour with increasing mechanisation 
and remote operation capabilities.

Environmental sustainability: Participants described 
modernisation as inherently tied to eco-efficiency 
and sustainability, particularly in relation to water 
conservation, energy efficiency, and emissions 
reduction. While important, environmental 
considerations do not appear as frequently as safety 
and automation in these modernisation statements.

Data-driven operations: Modernisation was also linked 
to the digital transformation of mining operations, 
including the use of real-time monitoring, fleet 
management systems, and big data analytics. These 
technologies enable “real time data gathering” that 
can be “changed into usable information for decision 
making.”

Process efficiency: A practical interpretation of 
modernisation focused on cost reduction, yield 
optimisation, and streamlining operations. 
Respondents emphasised “streamlining processes 
and products with cost-saving initiatives” and 
“improving plant yield and production”.

Multi-dimensional: Several respondents provided 
integrated accounts of modernisation, combining 
aspects of safety, efficiency, sustainability, and 
technological adoption.

Overall, for respondents, “modernisation” extends beyond 
adopting advanced tools. It is framed around local priorities 
including safety, efficiency, environmental responsibility, 
and digital integration, while intersecting with global 
discourses on automation, the 4IR, Environmental, Social, 

and Governance (ESG), and data-driven mining. Rather 
than an abstract ideal, modernisation is understood in 
practical terms that address risks, costs, and sustainability. 
Some respondents also highlighted a multi-dimensional 
view, seeing modernisation as the integration of technology, 
people, processes, and sustainability into a coherent system. 

4.4  Overview of mining firms’ 
RDI: results of the profiling 
survey

Having situated the mining sector in context, and 
highlighted modernisation challenges and perceptions, 
the rest of the chapter describes current RDI patterns 
and trends.

To enable a granular understanding of RDI patterns, the 
data in Chapter 4 and 5 are disaggregated using four 
analytical groupings:

1 	S ectoral level: This encompasses all actors and 
participants operating across the entire mining 
value chain, from mineral extraction to the delivery 
of final products, providing a broad overview of 
RDI activity within the sector.

2 	 Industry (sub) level: Firms are categorised 
according to their specific economic activities 
using the SIC system at the 5-digit level3, allowing 
for a more detailed industry-specific analysis.

3 	M ines vs. service providers: This distinction 
separates two primary business types. “Mines” 
refers to firms directly engaged in mining and 
quarrying operations, while “service providers” 
includes mining-adjacent companies such 
as those offering support services related to 
mineral extraction, such as the manufacturing of 
specialised mining equipment.

4 	A dvanced vs. standard technology adopters: 
This classification captures the spectrum of 
technological adoption between 2021 and 2023. 
It is based on self-reported classification of 
advanced technologies in response to a survey 
question. “Advanced technology adopters” are 
firms that have integrated emerging or cutting-
edge technologies into their operations. In contrast, 
“standard technology adopters” are those 
that, while not employing the most advanced 
technologies, remain actively engaged in RDI 
through more conventional means.

3  The 5-digit level in the SIC system represents the most detailed classification of economic activities, with each digit narrowing the category.
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This nuanced analytical frame moves 
beyond a binary view of technological 
modernisation, recognising that 
innovation exists along a continuum. 
By including all four categorisations, 
the data analysis provides a holistic 
view of RDI efforts across the mining 
value chain, acknowledging that 
meaningful innovation can occur 
at various levels of technological 
sophistication.

4.4.1  Mining and services firms
South African primary mining 
and mining-adjacent enterprises 
participated in the survey. The 
mining-adjacent firms are denoted 
“mining services firms” in the figures 
and tables, and include equipment 
manufacturers. A total of 121 firms 
completed the profiling survey, with 
more than half (55%) engaged in 
mining as their primary economic 
activity. Figure 5 illustrates the level
of survey participation across the 
range of mining and mining services 
firms in the country.

Figure 5: Firms’ participation in the survey, 2021-2023

From which activities 
does your company 
derive its income in 
mining? (n=121)

From which activities 
does your company 
derive its income in 
mining? (absolute counts)

Service activities incidental
to mining

Mining
Firms

Services
Firms

Mining of metal ores, except 
gold and uranium

Mining of gold and uranium ore

Extraction of crude petroleum 
and natural gas

Split of respondent firms
by activity

Other mining and quarrying

Mining of coal and lignite

54

24

20

15

8

0

55%

45%
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Figure 6: Mining Firms by Head Office and Subsidiary location, 2021-2023

Is your company part 
of an enterprise group? 
(n=121)

Split of enterprise vs
non-enterprise entities

Head office and subsidiary 
locations add up to 100%.

A company can have both head office and subsidiary.
A company can have a head office with no subsidiary.

Yes 40%

No 60%

Please indicate where your head office and subsidiaries are based 
(n=46)

4.4.2  Location of mining firms’ headquarters and subsidiaries
Figure 6 presents the distribution of all enterprises surveyed, by establishment type. Among the firms, 40% were part of 
a larger enterprise group, while 60% operated independently. Of those who were part of a larger enterprise group, most 
had Head Offices located in South Africa (28%), with lower proportions in Europe (5%) and China (2%). The subsidiaries 
were also primarily based in South Africa (22%), with additional representation in South America (7%), Australia (7%), 
and Europe (6%).

Head office location Subsidiaries office location

South Africa

North America

Europe

Australia

China

Rest of Asia

Rest of Africa

Middle East

South America

28%

5%

2%

2%

1%

1%

1%

0%

0%

South Africa

North America

South America

China

Australia

Rest of Asia

Europe

Middle East

Rest of Africa

22%

7%

7%

6%

6%

5%

4%

1%

1%



Note: All percentages are calculated as a proportion of either total mining firms or 
total service providers. Percentages do not add up to 100% as firms can produce 
or provide services for multiple commodities.

4.4.3  Types of mine operations 
and commodities among 
surveyed firms

Table 2 provides a breakdown of the 
mining methods and key commodities 
among mining and services firms 
respectively. Note that firms may be 
involved in multiple commodities, 
either through direct mining or by 
providing related services. In terms of 
mining operations, coal extraction was 
most prevalent, with 21%, 9% and 12% 
of mining firms using either open pit, 
underground or combination methods 
respectively. In contrast, copper 
mining was least common, with only 
1%, 3% and 0% of mining firms using 
open pit, underground or combination 
methods respectively.

Among service providers, the highest 
percentage of firms provided services 
for industrial minerals (44% of services 
firms), coal (41% of services firms) or 
gold (41% of services firms). Uranium 
mining services were less in demand, 
with only 20% of services firms 
operating in this sub-sector or industry.

4.4.4  South Africa’s mining 
commodity landscape

Figure 7 illustrates the overall 
proportion of responding firms 
involved with various commodities, 
split by mining firms and service 
providers. Again, note that firms may 
be involved in multiple commodities, 
either through direct mining or by 
providing related services.

Among mining firms, coal was the 
most commonly mined commodity, 
reported by 42% of firms in this 
category, followed by platinum 
group metals (16%). Copper had the 
lowest representation, with only 4% 
of mining firms involved. As seen in 
Table 2, industrial minerals was the 
most common commodity among 
services providers (44% of services 
firms). Overall, service providers were 
more likely to be involved in multiple 
commodities compared to mining firms. 
Coal was the only commodity that 
was more prevalent amongst mining 
firms compared to service providers.

Table 2: Distribution of Mining Commodities by Production 
Method and Service Provision

What commodity do you produce or provide services to?

Commodity Provide 
services 
(n=54)

Produce (n=67)

Open pit Underground Combination

Coal

Gold

Uranium

Platinum 
Group Metals 
(PGMs)

Diamonds

Iron ore

Manganese

Copper

Industrial 
Minerals

21%

3%

1%

4%

1%

9%

6%

1%

12%

9%

4%

0%

6%

3%

1%

1%

3%

1%

12%

7%

6%

6%

4%

3%

0%

0%

1%

41%

41%

20%

35%

39%

26%

26%

30%

44%

Figure 7: Commodities by mines and service providers, 2021-2023
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4.4.5  Types of innovation implemented by mining and mining services firms
Figure 8 illustrates the proportion of mining firms and service providers that introduced innovations between 2021 and 
2023. During this period, 44% of firms reported introducing new or significantly improved goods or services, and a similar 
proportion, 46%, reported implementing process innovations. Conversely, these figures highlight that more than half of 
responding firms did not report any goods or services innovations (56%) or engagement in process innovation (54%).

Figure 8:	Percentage of mining firms and services providers that introduced product and 
process innovations, 2021-2023

During the
3 years 2021-
2023, did 
your company 
introduce 
any new or 
significantly 
improved 
products (goods 
or services)? 
(n=121)

Incidence of new or 
improved good or service During the

3 years 2021-
2023, did 
your company 
introduce 
any new or 
significantly 
improved 
processes? 
(n=121)

Incidence of new or 
improved processes

Yes 44%

No 56%

Yes 46%

No 54%

4.4.6  Percentage of mining and mining services firms using advanced technologies
Figure 9 presents the proportion of firms from the profiling survey that reported using advanced technologies in 
their operations between 2021 and 2023. Just over one-third (35%, n = 41) of firms indicated they had used advanced 
technologies or processes. Among these adopters, 93% cited modernisation as the primary motivation and within this 
group, the leading reasons for adopting advanced technologies cited were to enhance efficiency and productivity (20%) 
and to improve safety and reduce risk (17%).

Figure 9: Percentage of firms that used advanced products and processes, 2021-2023

Did your 
company use 
any advanced 
technology or 
processes in 
your operations 
in the past 3 
years (2021-
2023)? (n=118)

If yes, was 
this for the 
purpose of 
modernisation 
of mining? 
(n=41)

Incidence of use of 
advanced technology

If yes, please give the reason/s for using advanced 
technologies or processes in your company (n=38)

Enhance Efficiency & Productivity
20%

Innovation & Technology Advancement
9%

Safety & Risk Reduction
17%

Resource Optimisation
5%

Product/Process Improvement
15%

Meeting Standards & Stakeholder Needs
5%

Cost Management & Competitiveness
12%

Meeting Customer Needs
4%

Environmental Sustainability
11%

Data & Information Management
2%

Yes 35%

Yes 93%

No 65%

No 7%

Percentage (%) of companies who used advanced technology 
for the purpose of modernisation
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This chapter presents empirical findings exclusively for 
the sub-set of firms that reported RDI activities in the 
profiling survey, and were included in the main survey –
a total of 61 out of 90 eligible firms responded. The main 
survey covered the outcomes of RDI for modernisation, 
technological capabilities, RDI infrastructure, collaboration 
and information sources, finance and barriers to RDI.

Firms that did not engage in any RDI activities are not 
included in this data analysis. Due to the limited sample 
size, the results should be viewed as indicative only.

5. TRENDS IN RDI FOR MODERNISATION
	OF  MINING: EMPIRICAL RESULTS

African Rainbow Minerals Black. Photo by Geoff Brown



26 Modernisation of Mining in South Africa: Research, Development and Innovation Patterns and Firm Capabilities (2021-2023)

5.1	 RDI-Active Firms: Outcomes 
from RDI activities for the 
modernisation of mining 

Findings from the main survey highlight activities 
across the firms engaging in RDI, that play a pivotal 
role in modernising mining operations, delivering both 
anticipated and unexpected benefits.

Firms were asked about a range of possible outcomes 
experienced as a result of the modernisation activities 
they were engaged in, with responses covering the 
expected, unexpected, or not experienced nature of 
each outcome. Expected outcomes, as shown in green in 
Figure 10, for example, include increased output (85%), 
improved asset utilisation (62%), enhanced employee 
skills (57%), reduced downtime (54%), lower personnel 
costs (48%), and positive environmental impacts (48%). 

These results align with the core objectives of RDI 

investments boosting operational efficiency, workforce 

capability, and sustainability.

Unexpected outcomes, though less frequently reported, 

also demonstrate the broader value of innovation. These 

include fewer health and safety incidents (17%), personnel 

cost reductions (10%), environmental improvements 

(10%), and positive social impacts (10%). Such secondary 

benefits often emerge beyond the original scope of 

innovation efforts, highlighting the potential for RDI to 

generate unanticipated yet meaningful value.

Some firms did not experience several of the perceived 

modernisation outcomes. Over 90 percent of firms 

reported that they did not experience more health and 

safety incidents, negative environmental impacts and 

reduced outputs as a result of engaging in RDI activities.

Figure 10: Distribution of expected and unexpected outcomes from RDI activities, 2021-2023

Did you experience any of the following expected or unexpected outcomes as a result of your RDI 
modernisation activities during the 3 years 2021-2023? (n=60)

Expected outcome Unexpected outcome Not experienced

Increased output

Employment decrease 82%10% 8%

Fewer health and safety incidents 37%46% 17%

Increased downtime

Reduced personnel costs 48% 10% 42%

Displaced skills within the current workforce 75%17% 8%

Positive environmental impacts 42%48% 10%

Decreased output

Improved asset utilisation 62% 8% 30%

More health and safety incidents

Positive social impacts 47%43% 10%

Increased personnel costs

Reduced downtime 54% 8% 37%

Negative environmental impacts

Improved skills levels of existing employees 37%57% 7%

Decreasing asset utility

85% 13%2%

7% 85%8%

17% 78%5%

9% 88%3%

90%7%3%

90%7%3%

90%7%3%
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The next sections go on to examine the factors 
enabling technological modernisation at firm level. Five 
capability-linked dimensions are explored: technological 
capabilities, human resources and skills, infrastructure 
access, RDI investment and collaboration, and networks 
and information sources. Due to the small sample size, 
mining and quarrying firms are grouped together under 
the term “mining firms”, while firms providing ancillary 
services are referred to as “mining service providers.”

5.2  Enablers for RDI-active 
firms: Firm technological 
capabilities

This section examines RDI activity patterns among 
mining and mining service firms, with emphasis on the 
factors enabling technological capabilities. 

5.2.1  RDI activity patterns among mining and mining 
services firms 

Figure 11 illustrates the range of RDI activities undertaken 
by the 61 RDI-active firms between 2021 and 2023. Over 
half (54%) report having invested in employee training, 
indicating a strong emphasis on building human capital to 
support innovation. Additionally, 44% invested in tangible 
asset acquisition, pointing to a blend of traditional and 
technology-driven approaches in their modernisation 
efforts. Engineering and design activities were also 
frequently cited, with 40% of firms participating. Digital 
innovation saw moderate engagement, with 37% involved 
in software and database development. However, strategic 
RDI activities remained limited: only a quarter of firms 
(26%) reported engaging in RDI management, 30% in IP 
protection, and 24% in marketing. 

Figure 11: RDI Activity Participation Among Mining Firms (%), 2021-2023

During the 3 years 2021-2023, did your company engage in any of the following RDI activities to 
develop product or process  innovations? (n=61)

Yes No

Employee training activities

Software development and 
database activities

RD&I management activities

Activities related to the acquisition 
or lease of tangible assests

In-house research and 
experimental development (R&D)

Outsourced R&D

Engineering, design, and other 
creative work activities

Intellectual property (IP)-related 
activities

Marketing and brand equity 
activities

54% 46%

37% 63%

26% 74%

26% 74%

44% 56%

33% 67%

40% 60%

30% 70%

24% 76%
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5.2.2  Technology adoption trends among mining
	 and mining services firms
Figure 12 illustrates firm-level engagement with advanced 
and emerging technologies over the three-year period 
observed, revealing a pattern of selective adoption. 
Technologies that enhance operational functions such as 
computerised design and engineering (65%), telematics 
(46%), Internet of Things (IoT; 49%), and AI (45%) saw 
moderate uptake. However, relatively few firms reported 
actively developing these technologies, indicating a 
dependence on external providers.

By contrast, engagement with higher-cost frontier 
technologies including blockchain, nanotechnology, 
advanced manufacturing, and robotics remained limited, 
with over two-thirds of firms reporting no involvement. 
Green technologies (66%) and geospatial technologies 
(63%) also appear to have faced barriers to uptake, with 
two-thirds (66%) reporting no development in these 
areas, possibly linked to issues such as cost, regulatory 
uncertainties, or specialised use cases. Similarly, adoption 
of visual, mixed, and augmented reality (62%) was low.

Figure 12:	Percentage of firms that developed or used advanced or emerging technologies, 
2021-2023

During the 3 years 2021-2023, did your company develop or use any of the following advanced or 
emerging technologies? (n=61)

Developed Used Did not use or develop

Telematics, material handling, supply 
chain and logistics technologies

Nanotechnology, biotechnology / 
bioproducts

Computerised design and 
engineering

Internet of Things (IoT)

Green technologies

Artificial Intelligence (AI)

Advanced manufacturing, including 
additive manufacturing (3D printing) 

Robotics

Geomatics or geospatial 
technologies

Blockchain technologies

Virtual, mixed, or augmented reality

15% 46% 39%

17% 81%

17% 81%

17% 65% 18%

12% 49% 39%

7% 27% 66%

13% 45% 42%

25% 71%

5% 27% 68%

7% 30% 63%

7% 32% 62%

2%

2%

3%
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5.2.3  Age-based distribution 
of advanced technology 
adoption among mining firms

Figure 13 displays the number of 
RDI-active firms adopting advanced 
technologies by company age.
Firms are referred to as advanced 
technology adopters if they used 
advanced technology or processes
in their operations for the purposes 
of modernisation of mining, while 
standard technology adopters are 
those that, while not employing the 
most advanced technologies, remain 
actively engaged in RDI through 
more conventional means. The 
youngest firms (0–10 years) show 
low modernisation efforts with only 
2 firms in the advanced technology 
adopter category. Firms aged between 
11 and 20 years demonstrate the highest 
adoption rate for modernisation (a total 
of 8 firms), indicating that mid-life 
stages might offer a more favourable 
environment for modernisation 
investment. In contrast, standard 
technology adopters are more evenly 
distributed between the 11–20 and 
21–30 year segments.

Between ages 11-40, adoption 
rates of advanced technologies for 
modernisation appear to decline  
more among older businesses: 8 firms 
aged between 11 and 20 years and 
just 4 firms in the 21–40 year group 
adopted advanced technologies for 
modernisation. Overall, while mid-aged 
firms lead adoption for modernisation, 
modernisation efforts remain modest 
across all age groups as, within most 
age groups, there are fewer advanced 
technology adopters compared to 
standard technology adopters. Firms 
over 40 years are slightly more likely 
to be advanced technology adopters 
(5 firms) than standard technology 
adopters (4 firms).

Figure 13: Firm age and advanced technology adopters 
and standard technology adopters, 2021-2023

How old is your 
company? (n=55)

Age of the firm

How old is your company? 
(n=55 - absolute counts)

Firmographics (age)

0-10

0-10

11-20

21-30

31-40

41-50

50-100

>100

41-50

11-20

50-100

21-30

>100

31-40

2
7

1
0

8
9

3
4

3
9

1
0

1
7

13%

15%

22%

31%

16%

2%

2%

Advanced Technology Adopters
Standard Technology Adopters
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5.2.4	 Adoption of advanced and 
emerging technologies 
among modernising firms

Table 3 compares engagement with 
advanced and emerging technologies 
between advanced technology 
adopters (those who use advanced 
technologies for the purposes of 
modernisation) versus standard 
technology adopters (those who 
use advanced technologies but not 
for the purposes of modernisation). 
The data reveal that both advanced 
and standard technology adopters 
show strong engagement with 
computerised design and engineering 
(86% and 79% respectively), making it 
the most widely adopted technology 
across firms. Robotics is adopted at 
equal levels (32%) in both groups, 
suggesting it is a baseline capability 
rather than a differentiator. Advanced 
adopters consistently report greater 
use across nearly all technology types, 
with notable gaps in geomatics/
geospatial technologies (55% vs. 26%), 
virtual/mixed/augmented reality (55% 
vs. 29%), green technologies (50% vs. 
24%) and advanced manufacturing 
(3D printing) (45% vs. 19%).

These differences suggest advanced 
adopters (i.e. those actively pursuing 
modernisation) are more likely to 
experiment with emerging and 
transformative technologies. For 
technologies like IoT (68% vs. 57%) 
and AI (64% vs. 55%), both groups 
show relatively strong uptake, though 
advanced adopters still lead. This 
indicates these tools are becoming 
more mainstream across the sector 
though particularly for modernisers. 
Blockchain (23% vs. 17%) and 
nanotechnology/biotechnology (29% 
vs. 14%) have relatively low adoption 
overall, reflecting their early-stage or 
specialised applications in mining.

5.2.5  Technological advancements 
Figure 14 displays the usage and development of advanced and emerging 
technologies among primary mining companies (27 companies), excluding 
mining service providers.

Widely adopted technologies included computerised design and engineering 
(62%), telematics and logistics systems (56%), IoT (54%), geomatics or 
geospatial technologies (52%), and AI (41%). These trends reflect an emphasis 
on operational efficiency and digitalisation.

Table 3: Adoption of Advanced and Standard 
Technologies among Mining Firms, 2021–2023

Advanced 
Technology 
Adopters 

(n=23) 

Standard 
Technology 
Adopters 

(n=38)

Computerised design and 
engineering

Telematics, material handling, 
supply chain, and logistics 
technologies

Internet of Things (IoT)

Artificial Intelligence (AI)

Geomatics or geospatial 
technologies

Virtual, mixed, or augmented 
reality

Green technologies

Advanced manufacturing, 
including additive manufacturing 
(3D printing)

Robotics

Nanotechnology, biotechnology / 
bioproducts

Blockchain technologies

86%

70%

68%

64%

55%

55%

50%

45%

32%

29%

23%

79%

55%

57%

55%

26%

29%

24%

19%

32%

14%

17%

Technology type
used or developed

Percentage of advanced 
or standard technology 

adopters
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However, in-house technology development was notably 
limited. The most commonly developed technologies—
computerised design and engineering, AI, telematics, 
and green technologies—were each developed by only 
15% of firms. More advanced technologies such as 
nanotechnology, biotechnology, blockchain, robotics, and 
advanced manufacturing/ 3D printing registered minimal 
or no development activity. This suggests firms prioritise 

solutions with immediate operational relevance over high-
cost, technically complex, or emerging innovations.

The pattern of low development aligns with the 
least-used technologies overall: blockchain (19%), 
nanotechnology/biotechnology (23%), and advanced 
manufacturing/3D printing (23%) reinforcing the sector’s 
reliance on external innovations and third-party solutions.

Figure 14:	Emerging and advanced technologies developed or used by mining firms, 2021-2023

During the 3 years 2021-2023, did your company develop or use any of the following advanced or 
emerging technologies? (n=61)

Developed Used Did not use or develop

Telematics, material handling, supply 
chain and logistics technologies

Nanotechnology, biotechnology / 
bioproducts

Computerised design and 
engineering

Internet of Things (IoT)

Green technologies

Artificial Intelligence (AI)

Advanced manufacturing, including 
additive manufacturing (3D printing) 

Robotics

Geomatics or geospatial 
technologies

Blockchain technologies

Virtual, mixed, or augmented reality

15% 56% 30%

15% 62% 23%

8% 54% 38%

15% 37% 48%

23% 77%

26% 74%

19% 81%

15% 41% 44%

7% 52% 41%

7% 37% 56%

23% 77%
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5.3  Enablers for 
RDI-active firms: 
Human resources 
and skills

5.3.1  Human capital needs for
	 firm-level RDI
Modernising mining operations 
demands a workforce equipped with 
advanced skills in technologies such 
as automation, AI, and data analytics. 
Figure 15 shows that two-thirds 
(66%) of firms reported a need for 
specialised skills. A slightly more 
pronounced need exists among 
advanced technology adopters (70%) 
(those using advanced technologies 
for the purposes of modernisation 
in mining) than among standard 
technology adopters (63%) (those 
using advanced technologies but not 
for the purposes of modernisation).

5.3.2  Formal tertiary qualifications 
of employees among 
advanced and standard 
technology adopters

Figure 16 presents the distribution 
of employees with formal tertiary 
qualifications across firms in 2023.
A notably larger proportion of standard 
technology adopters (63%) than 
advanced adopters (41%) fall within 
the fewer than 20% of employees 
have tertiary qualifications (“<20%”) 
bracket. Interestingly, both groups 
show similar representation at the 
upper end of the spectrum, with 14% 
of advanced adopters and 13% of 
standard adopters in the 81–100% 
bracket.

Figure 15: Percentage of firms that required specialised 
skills, 2021-2023

Figure 16: Percentage share of total number of employees 
with formal tertiary qualification (including 
design, engineering and technical qualifications) 
in 2023

Have you experienced 
a need for specialised 
skills that were 
sourced nationally or 
internationally? (n=61)

Approximately what percentage of your total number of 
employees had a formal tertiary qualification (including 
design, engineering and technical qualifications) in 2023? 
(n=55)

Have you experienced 
a need for specialised 
skills that were 
sourced nationally or 
internationally? (n=61)

Yes Yes Yes

No No No

Increased need for specialised 
human resources for RDI

(all respondents)

Total (n=55) Advanced technology 
adopters (n=22)

Standard technology 
adopters (n=32)

Advanced 
Technology 
Adopters

Standard 
Technology 
Adopters

66% 70% 63%

34% 30% 37%

<20% 21-40% 41-60% 61-80% 81-100%

54%

17%

13%
4%
13% 14% 13%

3%
6%

16%

63%

5%

23%

18%

41%
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No

Yes

37%

63%

5.3.3  Skills development and training for RDI 
To effectively engage in RDI aimed at modernising mining processes, firms 
must invest in workforce skills development and training. As shown in Figure 17, 
most firms indicated that their employees received formal training in support 
of RDI activities between 2021 and 2023.

5.3.4  National and international training among advanced and standard 
technology adopters

Table 4 shows the sources of training for those companies (n=38) who 
reported investing in workforce skills development and reveals that two-
thirds (66%) of this group provided internal training. Notable differences 
are apparent in how advanced and standard technology adopters approach 
workforce development. Advanced technology adopters employ a more 
diversified training strategy, combining in-house training (68% nationally, 
26% internationally) with significant use of national private providers (84%) 
and universities (58%). In contrast, standard technology adopters appear to 
rely more heavily on national in-house training (63%) and make minimal use 
of external resources: only 5% engage with universities, and none reported 
using government institutes or international training. Overall, international 
training remains underutilised across both groups, with just 5% of advanced 
adopters accessing international university programmes.

Figure 17: Share of firms 
reporting formal 
workforce 
training,

	 2021-2023

What percentage 
of your workforce 
received formal 
training? (n=61)

Incidence of companies that had 
formal training to support RDI

training provider

Table 4: Sources of Training by Provider Type and Technology Adoption Group (n=38), 2021-2023

Your company

Your company

External private service provider in South Africa

External private service provider in South Africa

Government or public research institutes

Government or public research institutes

Universities

Universities

Public TVET colleges, apprenticeships

Public TVET colleges, apprenticeships

Private TVET colleges

Private TVET colleges

National

International

National

International

National

International

National

International

National

International

National

International

63%

0%

47%

11%

0%

0%

5%

0%

5%

0%

0%

0%

Standard 
Technology 

Adopters 
(n=19)

66%

13%

66%

5%

11%

0%

32%

3%

16%

0%

11%

0%

68%

26%

84%

0%

21%

0%

58%

5%

26%

0%

21%

0%

Advanced 
Technology 

Adopters 
(n=19)

All
(n=38)
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5.4  Enablers for RDI-active firms: Access to infrastructure

Figure 18 illustrates the availability of infrastructure supporting RDI activities for modernisation between 2021 and 
2023. Skilled personnel were the most widely accessed resource (79% locally, 10% internationally), followed by ICT 
infrastructure (67% local, 18% international), research equipment (52% local), and laboratory facilities (48% local). Access 
to advanced infrastructure such as supercomputing was notably limited, with only 26% of firms reporting availability.

Figure 18: Percentage of firms that had access to physical and enabling infrastructure to 
support their RDI activities, 2021-2023

During the 3 years 2021-2023, did your company have access to any of the following types of 
infrastructure to support your RDI activities? (n=61)

Local International

Physical 
Infrastructure

Enabling 
Infrastructure

ICT

Staff

Research
equipment

Data management 
infrastructure

Laboratory
facilities

Supercomputing

ICT infrastructure sourced locally

67%
ICT infrastructure sourced internationally

18%

Research equipment sourced locally

52%
Research equipment sourced internationally

15%

Laboratory facilities sourced locally

48%
Laboratory facilities sourced internationally

8%

Skilled staff sourced locally

79%
Skilled staff sourced internationally

10%

Data management infrastructure sourced locally

43%
Data management infrastructure sourced internationally

16%

Large scale computational tools sourced locally

26%
Large scale computational tools sourced internationally

10%
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5.5  Enablers for RDI-active firms: Firm RDI investment

5.5.1  Expenditure on RDI activities in the 2023 financial year
Figure 19 illustrates the distribution of RDI spending across mining and related firms. Mining firms accounted for the largest 
share, with total spending reaching ZAR 1.72 billion. Within this, metal ore mining accounted for ZAR 697.90 million, followed 
by gold and uranium mining at ZAR 574 million, while coal and lignite mining recorded the lowest RDI expenditure at 
ZAR 134 million. Service firms contributed ZAR 251.15 million.

Figure 19:	Distribution of RDI spending across different sub-sectors and commodity groups 
in 2023 financial year

Please indicate the total expenditure on RDI related 
activities in the 2023 financial year (n=48)

Please indicate the total 
expenditure on RDI related 
activities in the 2023 
financial year (n=48)
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5.5.2  Breakdown of RDI 
expenditure

The total RDI expenditure of ZAR 1.978 
billion was distributed across several 
activity categories. The largest share 
was directed to employee training 
activities, which accounted for 51.7% 
of total expenditure (Table 5). 
Engineering, design, and other creative 
work activities followed with 25.1%. 
Activities related to the acquisition or 
lease of tangible assets and software 
development and database activities 
each accounted for approximately 
11% of total expenditure. Spend on 
marketing and brand equity activities 
was just 1.1% of total expenditure across 
firms, and the lowest share was recorded 
for IP-related activities, at 0.2%.

5.5.3  Sources of funding for RDI in 
modernisation activities

Firms were asked to report on their 
financial contributions toward RDI. 
As shown in Figure 20, nearly all 
respondents indicated that they did 
not receive external funding. Only 8% 
of mining firms reported accessing 
external financial support for their
RDI activities.

Table 5: Expenditure by RDI activities, 2023

rdi expenditure 
(%)rdi activities

Engineering, design, and other creative work 
activities

Marketing and brand equity activities

IP-related activities

Employee training activities

Software development and database activities

Activities related to the acquisition or lease of 
tangible assets

  Total

25.1

1.1

0.2

51.7

10.9

11.0

100

Figure 20: Percentage of firms receiving RDI funding, 
2021-2023

Did you receive any external funding for your company’s 
RDI for modernisation activities during the 3 years 2021-
2023? (n=51)

Incidence of companies
receiving external funding

No

Yes

92%

8%
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Figure 21: Firm collaboration patterns, 2021-2023

Which of these institutions did you 
collaborate with? (n=39)

Where were these institutions located? 
(n=39) (Multiple mentions allowed)

Percentage of firms that collaboratedPercentage of firms that collaborated

5.6  Enablers for RDI-active firms: 
Collaboration, networks 
and information sources

5.6.1  Collaboration patterns among mining firms: 
National and international

A total of 39 firms (64%) indicated that they collaborated 
with various institutions during the period between 2021 
and 2023. Figure 21 illustrates these collaboration patterns. 
The top three reported partners cited by at least 40% of 
firms were universities and higher education institutions 

(51%), consultants and commercial laboratories (46%), 

and competitors or other mining companies (41%).

Lower levels of collaboration were reported with Mintek 

and the CSIR (28% each), government departments 

(18%), and both the Council for Geoscience and civil 

society or NGOs (10% each).

The top three reported international collaborators 

were private research institutes (43%), consultants and 

commercial labs (33%), and industry associations (31%).

Yes No

Universities and higher education institutions

Government departments

Government or public research institutes

Civil society / NGOs

CSIR

Industry associations

Mintek

Consultants and commercial labs

Council for Geoscience

Competitors or other mining companies

Private research institutes

51%

18% 82%

26% 74%

10% 90%

28% 72%

33% 67%

28% 72%

46% 54%

10% 90%

41% 59%

36% 64%

In SA Outside SA

Universities and higher 
education institutions

Government departments

Government or public 
research institutes

Civil society / NGOs

Industry associations

Mintek

Consultants and 
commercial labs

Council for Geoscience

Competitors or other 
mining companies

Private research institutes

CSIR

85% 10%

90% 20%

91% N/A

91% N/A

100% N/A

86% 43%

100% 29%

100% 25%

92% 31%

83% 33%

88% 19%

49%
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5.6.2  Collaboration in RDI Activities 
by advanced and standard 
technology adopters

Table 6 highlights a large difference in 
collaboration levels between advanced 
technology adopters and standard 
technology adopters. A substantial 83% 
of advanced technology adopters 
reported collaborating with external 
partners to support their RDI activities, 
compared to just 53% of standard 
technology adopters.

5.6.3  Information sources for RDI activities
Table 7 shows the key sources of information identified by firms as important, not important or not used for their RDI 
activities, underscoring the value placed on the breadth of information used across the mining sector. The four most 
frequently cited sources were:

•	 Internal sources (92%).
•	S uppliers of equipment, materials, components, or software (88%).
•	C lients or customers (73%).
•	C onsultants or commercial laboratories (72%).

These findings highlight the critical role of both internal knowledge and external industry relationships in supporting 
innovation efforts.

Table 6: Firm collaboration by use of advanced 
technologies, 2021-2023

Collaborated
advanced 

technology 
adopters (n=21)

standard 
technology 

adopters (n=38)

No

Yes

  Total

47%

53%

100%

17%

83%

100%

Sources of information

Table 7: Key information sources for RDI activities, 2021-2023

Sources within your enterprise or enterprise group

Suppliers of equipment, materials, components, or software

Clients or customers (businesses)

Consultants or commercial laboratories

Industry associations

Individuals / users

Universities / higher education institutions

Competitors or other enterprises in your sector

Conferences, trade fairs, exhibitions

Professional associations

Development and promotion of technology and process standards

Private research institutes

Scientific journals or trade / technical publications

Government or public research institutes

8%

7%

20%

14%

22%

27%

30%

33%

22%

29%

29%

41%

29%

50%

Not Used

92%

88%

73%

72%

52%

48%

48%

47%

45%

41%

40%

37%

36%

22%

0%

5%

7%

14%

27%

25%

23%

21%

33%

29%

31%

22%

34%

28%

Not 
ImportantImportant
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5.6.4  Key information sources for technology adopters
Table 8 shows similar detail split by advanced and 
standard technology adopters for RDI activities and 
reveals key differences in the sources of information 
used by each. While both groups identified suppliers 
of equipment, materials, components, or software as 
important sources, advanced adopters showed higher 
engagement across most categories. Sources within the 
enterprise or enterprise group were also widely cited 
by both types of adopters, reflecting the central role of 
organisational knowledge in innovation processes.

However, notable disparities emerged in several areas. 
Advanced technology adopters were far more likely to rely 

on government or public research institutes (41%) compared 

to standard adopters (11%). Similarly, individuals or users 

were cited by 80% of advanced adopters, versus only 

31% of standard adopters. Professional associations were 

important to 76% of advanced adopters, but only 22% of 

standard adopters. Private research institutes also showed a 

wide gap, with 68% of advanced adopters engaging them, 

compared to just 19% of standard adopters. These 

differences suggest that advanced adopters are more 

deeply embedded in broader innovation ecosystems, 

leveraging diverse external networks to support their

RDI efforts.

92%

84%

73%

31%

43%

68%

37%

11%

19%

28%

22%

22%

32%

27%

Sources of information

Table 8: Information sources considered important: advanced technology adopters and 
standard technology adopters, 2021-2023

Sources within your enterprise or enterprise group

Suppliers of equipment, materials, components, or software

Clients or customers (businesses)

Individuals / users

Competitors or other enterprises in your sector

Consultants or commercial laboratories

Universities / higher education institutions

Government or public research institutes

Private research institutes

Conferences, trade fairs, exhibitions

Scientific journals or trade / technical publications

Professional associations

Industry associations

Development and promotion of technology and process standards

91%

95%

74%

80%

52%

81%

65%

41%

68%

73%

62%

76%

86%

62%

Advanced 
Technology 

Adopters (n=23)

Standard 
Technology 

Adopters (n=38)

Important
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5.7  Barriers to firm RDI 
for modernisation

	o f mining  

5.7.1  Key barriers to firm RDI activities 
As shown in Table 9, several of these barriers 
continue to hinder RDI efforts aimed at 
modernising the mining sector. The most 
commonly cited challenges reported by 
firms were human capability barriers (34%), 
which include shortages in managerial, 
engineering, technical, data analysis, and 
digital skills. These were closely followed by 
governance and institutional barriers (32%), 
such as weak IP protections, insufficient 
tax incentives, burdensome regulations and 
limited government support.

Research infrastructure constraints were also 
cited by a third (32%) of firms, highlighting 
restricted access to ICT systems, underground 
communication technologies, energy supply, 
transportation, laboratory facilities, and 
commercialisation support. In contrast, firm-
level technological capability barriers were 
the least commonly reported issue, affecting 
around 1 in 4 (24%) of respondingcompanies.

The data shows internal barriers such as 
human capabilities, governance, research 
infrastructure, and firm technological 
capabilities are moderately prevalent across 
all firms, with between 24% and 34% of 
respondents identifying them as challenges, 
while 37%-40% consider them not relevant, 
indicating significant variance across contexts. 
The relatively high “Not applicable” responses 
(28%-36%) further imply that these barriers 
may be niche or sector-specific, particularly 

for firm technological capabilities (36%). In contrast, collaboration 
and the external environment are cited as barriers by only 27% 
of respondents—among the lowest for all categories—with 34% 
considering them irrelevant, suggesting they are less critical overall
as possible barriers to modernisation.

5.7.2  RDI barriers experienced by advanced and standard 
technology adopters 

Table 10 reveals distinct differences in the barriers faced by advanced 
and standard technology adopters in their efforts to modernise mining 
through RDI. Advanced technology adopters expressed greater concern 
about market uncertainty, with 68% citing it as a barrier compared 
to just 23% of standard adopters, being the largest perception gap 
between the two groups.

Advanced adopters also placed much higher emphasis on digital 
capabilities, particularly the lack of data analysis skills (42% vs. 14%) 
and digital literacy (42% vs. 17%). Standard technology adopters, in 
contrast, reported more severe infrastructure challenges, including 
limited access to ICT facilities (43% vs. 16%), transportation (43% vs. 
16%), and energy supply (54% vs. 42%).

Barrier type

Table 9: Percentage distribution of barriers to mining 
modernisation by category, 2021-2023

Human capabilities

Governance and institutional

Research infrastructure

Collaboration and the 
external environment

Firm technological 
capabilities

28%

31%

28%

34%

36%

Not 
applicable

34%

32%

32%

27%

24%

38%

37%

40%

39%

40%

noyes
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Table 10:	RDI barriers by advanced technology adopters and standard technology adopters,
	 2021-2023

Barrier

Uncertainty of market	 68%	 23%

Lack of engineering skills 	 53% 	 46%

Legislation, regulations, standards, taxation 	 42% 	 36%

Inadequate tax incentives 	 42% 	 46%

Unpredictable legislation and governance 	 42% 	 28%

Limited energy supply 	 42% 	 54%

Uncertain demand from domestic customers 	 42% 	 26%

Lack of managerial skills 	 42% 	 37%

Lack of data analysis skills 	 42% 	 14%

Lack of digital literacy / skills	  42% 	 17%

Lack of advanced underground communication technologies	  37% 	 29%

Lack of awareness 	 37% 	 20%

Lack of technician skills (e.g., boilermaker, welder,	 37% 	 34%
fabrication, electrician)
	  
Lack of trust 	 33% 	 12%

Lack of government support 	 32% 	 28%

Lack of RDI investment and funding 	 32% 	 29%

Lack of capabilities relating to the design of technologies 	 32%	  18%
and processes 

Difficulty in finding collaboration partners for RDI 	 32% 	 26%

Market dominated by established enterprises 	 32% 	 31%

Limited access to international markets 	 32% 	 26%

Onerous licence approval process 	 26% 	 33%

Lack of commercialisation support 	 21% 	 23%

Lack of information on technology availability and best practice 	 21% 	 17%

Too much competition in market 	 21% 	 11%

Access to ICT facilities 	 16% 	 43%

Access to transportation 	 16% 	 43%

Access to laboratory and testing facilities 	 16% 	 26%

Weakness of Intellectual Property (IP) rights 	 5% 	 22%

Advanced 
Technology 

Adopters (n=19)

Standard 
Technology 

Adopters (n=36)

yes
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5.8  The empirical evidence as
	a  resource for policy

Chapters 4 and 5 provided an interconnected perspective 
on RDI in the South African mining sector. Chapter 4 
offered a broad overview of the nature of all surveyed 
firms, highlighting general trends and local views on mining 
modernisation, in the context of the mining sectoral 
system of innovation. Chapter 5 zoomed in on RDI-active 
firms, revealing indicative RDI for modernisation patterns. 
While the limited sample size of RDI-active firms 
necessitates cautious interpretation, the indicative trends 
identified here contribute potentially to understanding 
the role of innovation in shaping the future of mining in 
South Africa. Together, these findings lay the groundwork 
for more targeted policy interventions and future 
research aimed at fostering a more modern, competitive, 
and sustainable mining sector. Chapter 6 will reflect more 
systematically and analytically on the empirical trends 
described here, as a foundation for drawing out policy 
implications in the concluding chapter.
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This chapter reflects on and discusses the key empirical 
findings on firm RDI patterns described in chapters 4 
and 5. It reflects on local perspectives on modernisation 
and RDI activities and outcomes, and the key enablers 
and barriers to modernisation. The discussion highlights 
firm RDI behaviour and the sector’s shift toward more 
sustainable and competitive mining practices.

6.	REFLECTIONS ON RDI FOR 						    
	 MODERNISATION OF MINING

Anglo American Kumba Iron Ore VIU Technical Solutions. Credit Anglo American
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6.1  The notion of modernisation 
in the sector

The Minerals Council South Africa (2018) emphasises 
that modernisation is aimed at creating a safer, more 
productive, and sustainable mining environment, not 
merely the mechanisation or replacement of human 
capital. It incorporates cutting-edge technologies such 
as mechanised mining systems, autonomous drilling 
equipment, AI, real-time information management 
systems, and advanced orebody mapping techniques 
like ground-penetrating radar and seismic tomography 
(Mandela Mining Precinct, 2023). 

The research presented here reveals how South African 
mining firms currently understand modernisation, reflecting 
five primary themes: health and safety enhancement, 
automation and technology adoption, environmental 
sustainability, data-driven operations, and process efficiency. 
Overall, the findings indicate that modernisation is primarily 
understood as implementing new technologies and 
processes to enhance safety while improving operational 
efficiency. Environmental considerations appear as a 
secondary dimension, while data-driven decision-making 
serves as an enabling factor that supports improvements 
across all other dimensions. The findings further suggest 
that modernisation is primarily framed as a tool for 
enhancing operational productivity, rather than as a 
transformative shift toward broader sustainability or 
inclusive innovation.

6.2  Firms’ RDI activities 
and outcomes in the 
modernisation process

6.2.1  Innovation Activities 
Between 2021 and 2023, 44% of the mining firms 
interviewed introduced new or significantly improved 
products or services, while 46% implemented process 
innovations. The findings reveal diverse RDI activities: 
half of the firms engage in in-house R&D and about a 
third outsource it. However, innovation in the sector leans 
strongly toward application of existing technologies 
rather than the development of new ones. Firms place 
considerable emphasis on employee training, engineering, 
design, and creative activities, alongside the acquisition 
of tangible assets such as machinery and equipment.

Notably, the high prevalence of engineering and design 
activities (reported by 54% of firms) again indicates 
a focuson adaptation, supporting the uptake and 

integration of existing technologies rather than pioneering 
breakthroughs. These activities bridge the gap between 
developing new technologies and utilising existing ones, 
highlighting a broader conceptualisation of innovation 
that incorporates both technological absorption and 
incremental improvements. Overall, the results reinforce 
the argument that innovation in emerging economies 
like SA tends to diverge from traditional, R&D-intensive 
models placing greater emphasis on capability building 
and adaptive use of technologies (Dominguez Lacasa et 
al., 2019; Fedyunina & Radosevic, 2022; Radosevic, 2017).

6.2.2  Firm RDI for modernisation of mining outcomes
The analysis of RDI outcomes confirms that mining firms 
experienced anticipated operational improvements and 
productivity gains. These included increased output, 
improved asset utilisation, enhanced employee skills, 
reduced downtime, decreased personnel costs, and 
positive environmental impacts.

These findings indicate positive outcomes. For example, 
remote operation centres have been associated with 
substantial safety and productivity, while AI-driven 
predictive maintenance has been shown to reduce 
unplanned downtime and extend equipment lifetimes in 
mining operations. 

In addition to the expected benefits, mining companies 
also reported frequent experience of valuable unexpected 
advantages from their RDI activities. The most common 
unforeseen outcomes include fewer health and safety 
incidents, reduced personnel costs, and both positive 
environmental and social impacts. These findings 
demonstrate that innovation efforts often yield significant 
unintended benefits in safety, cost efficiency, and 
sustainability in addition to those expected through
RDI efforts.

Notably, some outcomes, such as reduced personnel 
costs and positive environmental effects, appear as both 
expected and unexpected results, which reflects varying 
innovation objectives across mining firms. This duality 
also indicates that whilst some companies deliberately 
target these benefits as strategic goals, others discover 
them as fortuitous by-products of their RDI efforts.

Both advanced and standard technology adopters achieve 
similar rates of output increase, suggesting each approach 
drives productivity through different mechanisms. The 
results further indicate that advanced technology adopters 
expect more transformative outcomes centred on human 
capital development, accepting higher personnel costs 
and workforce displacement as integral components of 



45Modernisation of Mining in South Africa: Research, Development and Innovation Patterns and Firm Capabilities (2021-2023)

their RDI activities. These firms report higher positive 
environmental and social impacts, though they also 
acknowledge some negative environmental effects as 
part of their innovation processes.

In contrast, standard technology adopters prioritise cost 
efficiency, with reduced personnel costs serving as their 
primary objective. This divergent approach highlights how 
different strategic orientations towards modernisation can 
yield comparable productivity outcomes whilst pursuing 
fundamentally different pathways to achieve them.

6.3  Firm enablers
	o f modernisation

6.3.1  Advanced technologies and access
	 to infrastructure
The results of the survey indicate that while many 
companies use various advanced and emerging 
technologies, far fewer are actively developing them. 
The gap between technology use versus development 
suggests most firms are technology adopters rather than 
creators, preferring to implement proven solutions that 
deliver immediate operational benefits rather than invest in 
developing emerging technologies with less certain returns. 
The high adoption of technologies like computerised 
design and engineering, IoT, and AI corresponds directly 
with companies’ primary innovation goals of increased 
output, improved asset utilisation, and enhanced 
workforce skills. The limited development of technologies 
like nanotechnology, biotechnology, and blockchain may 
reflect longer-term, more speculative investments that 
may not immediately deliver the operational efficiencies 
most companies prioritise. However, moderate adoption 
of green technologies aligns with companies reporting 
positive environmental impacts as innovation outcomes.

These technology adoption patterns are directly reflected 
in the infrastructure access data. High local access to skilled 
staff and ICT infrastructure enables widespread adoption 
of computerised design and engineering, IoT, and AI 
technologies, while more limited access to research 
equipment, laboratory facilities, data management 
infrastructure, and especially large-scale computational 
tools constrains development of technologies requiring 
specialised physical infrastructure like advanced 
manufacturing, nanotechnology, and robotics. The overall 
pattern highlights a pragmatic approach to modernisation, 
grounded in domestic capabilities and infrastructure. 
The current infrastructure landscape enables incremental 
innovation but risks leaving firms behind in the global 
race for advanced mining technologies. The reliance 

on local resources coupled with scarce high-end 
infrastructure suggests that mining modernisation is 
currently tiered:  

•	 Widely adopted: Technologies with low 
infrastructure demands (e.g., IoT, AI). 

•	 Constrained: Advanced technologies requiring 
specialised, often global, infrastructure, such 
as High Performance Computing (HPC). These 
technologies require alignment with local 
capability development programmes.  

This infrastructure access profile might help explain why 
companies predominantly use - rather than develop - 
advanced technologies. Predominantly locally sourced 
resources facilitate adoption of digital solutions. However, 
this same pattern potentially limits engagement with 
specialised emerging technologies that might benefit 
from international collaboration and infrastructure access. 
Consequently, without adequate infrastructure, mining 
companies face insurmountable barriers to adopting 
innovative technologies, ultimately affecting their global 
competitiveness and ability to meet increasingly stringent 
regulatory requirements (see also Cawood & Oshokoya, 
2023). Kumar and Thompson (2021) also highlight the 
importance of organisational readiness, suggesting that 
companies must possess appropriate talent and processes 
to effectively implement and leverage new technologies.
 
6.3.2  Skills and training as enabling factors
	 for modernisation
To successfully modernise mining operations, firms require a 
highly skilled workforce equipped with advanced technical 
expertise. Specialised skills are necessary for effectively 
operating and integrating emerging technologies such 
as automation, AI, and data analytics. Two thirds of firms 
identified a need for specialised skills to modernise their 
operations. The analysis also reveals comprehensive 
shortages of engineering and technical skills as well as 
managerial skills.

Many of the firms surveyed reported that only a small 
proportion of their workforce holds formal tertiary 
qualifications. A notable distinction emerges when 
examining technology adoption patterns between firms. 
Whilst advanced technology adopters demonstrate 
marginally higher levels of formally qualified personnel 
compared to standard technology adopters, the majority 
still report relatively low qualification levels across their 
workforce. This skills deficit becomes considerably more 
pronounced amongst standard technology adopters, 
underscoring qualification gaps that could significantly 
hinder RDI efforts within the mining sector.
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Most companies recognise the importance of formal 
training, with the majority providing formal training to 
their workforce during the 2021-2023 period. However, 
a sizeable proportion (above 36%) did not provide 
any formal training, showing considerable room for 
improvement in the sector’s commitment to workforce 
development. Internal company training programmes 
are widely utilised across all firms followed by external 
private service providers. South African universities and 
public TVET colleges seem to be less used sources for 
training. Advanced technology adopters show much 
broader engagement with training resources, particularly 
from national universities and research institutes compared 
to standard technology adopters. International training 
opportunities are still limited across the sector, but are 
accessed mostly by advanced technology adopters.

These patterns suggest that technology adoption 
correlates with greater investment in both internal and 
external upskilling channels, while standard technology 
adopters appear more insular in their training approaches. 
The near absence of international training across both 
groups points to potential systemic constraints in 
accessing global expertise. For standard technology 
adopters aiming to adopt advanced technologies, 
expanding partnerships with academic institutions and 
private trainers could help bridge evident skills gaps. 
However, the small study scale warrants caution, and 
these observations would benefit from verification 
through larger-scale validation and extrapolation.

6.3.3  Collaboration and information networks for RDI 
Collaboration in modernisation efforts within SA’s mining 
industry is essential for fostering innovation, enhancing 
sustainability, and tackling key sectoral challenges. These 
efforts rely on partnerships between government bodies, 
private companies, research institutions, and international 
stakeholders, all working toward shared goals like improved 
safety, increased efficiency, and long-term sector viability 
(CSIR, 2025). Given the scale and complexity of 
modernising mining operations, such collaboration is 
critical to mobilise the necessary resources, expertise, and 
coordination. Initiatives like the MMP demonstrate the value 
of public-private partnerships in developing advanced 
technologies and practices that address South Africa’s 
specific mining conditions (Mandela Mining Precinct, 2023). 
These collaborations also support broader national 
objectives, aligning with the country’s National 
Development Plan (NDP) (CSIR, 2025). 

The most often reported collaborators were universities 
and other higher education institutions, followed by 
consultants and commercial labs, as well as competitors 

and other mining companies. These partnerships suggest a 
strong reliance on local expertise, knowledge generation, 
and industry-based collaboration to support RDI efforts. 
Universities and research institutions play a key role in 
providing scientific and technical input, while consultants 
and labs offer specialised services and testing capabilities. 
Collaboration with competitors may indicate a growing 
recognition of the value of shared innovation and pre-
competitive partnerships within the sector.

In contrast, a relatively low percentage of firms reported 
collaboration with international partners, highlighting a 
potential gap in global knowledge exchange and 
technology transfer. This limited international engagement 
may restrict access to cutting-edge innovations, global 
best practices, and diverse funding opportunities. 
Strengthening international collaboration could enhance 
the sector’s exposure to advanced technologies and 
broaden its innovation network, ultimately contributing to 
more robust and competitive modernisation efforts.

The findings reveal that mining firms rely heavily on a 
few key sources of information to support their RDI and 
modernisation efforts. Internal sources emerged as the 
most prominent, with 92% of firms indicating that in-
house knowledge, expertise, and experience play a vital 
role in informing innovation activities. This underscores 
the importance of building and keeping internal 
capabilities, including technical skills and organisational 
know-how. Similarly, 88% of firms reported sourcing 
information from suppliers of equipment, materials, 
components, or software. This suggests that suppliers 
are not just vendors but also key innovation partners, 
often offering critical insights into the latest technologies 
and operational efficiencies. Clients or customers were 
named by 72% of respondents as important sources of 
information. This reflects customer-driven innovation, 
where firms tailor their modernisation strategies based 
on client feedback and evolving market demands. 
Finally, consultants and commercial laboratories were 
also cited by 72% of firms, indicating a strong reliance 
on external technical expertise and specialised services. 
These actors often provide independent assessments, 
testing, and strategic input that support the design and 
implementation of advanced technologies. 

Collectively, these findings highlight a blend of internal 
capabilities and strategic external partnerships as key 
drivers of information flow and innovation in the mining 
sector. Building on this, the blend of internal capabilities 
and strategic external partnerships creates significant 
advantages for modernisation in SA’s mining industry. By 
combining in-house expertise with external knowledge 
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sources, mining companies can overcome the unique 
infrastructure and technological barriers prevalent in 
the South African context. This collaborative approach 
enables firms to access specialised knowledge, share 
implementation costs, and mitigate risks associated with 
adopting new technologies in challenging operational 
environments (Ndlovu & Jansen, 2022). These partnerships 
may also facilitate faster technology transfer and 
adaptation of global best practices to local conditions. 
Furthermore, enhanced information flows can break down 
traditional silos among stakeholders in the mining value 
chain, accelerating innovation cycles and supporting the 
industry’s transition toward more efficient, sustainable, 
and globally competitive operations (Mashiane, Sibanda 
& Oosthuizen, 2024).

6.3.4  Firms’ RDI investment 
Chen and colleagues (2024) emphasise that industry 
competitiveness significantly impacts required investment 
levels, as firms in highly competitive sectors need greater 
technological edge to keep their market position. The 
survey findings show that firms’ RDI investment amounted 
to R1.978 billion in the financial year 2023 – with the 
dominant share accounted for by mining rather than service 
firms. Amongst mining firms, the largest contributions 
to the total RDI expenditures comes from mining of gold 
and uranium, as well as mining of metal ores. 

Firms focus the bulk of expenditures on employee R&D 
training, followed by engineering, design, and other creative 
work activities, software development, and acquisition or 
lease of tangible assets. The disproportionate investment 
in training and tangible assets suggests a primary emphasis 
on immediate operational improvements and skills 
development over long-term strategic innovation. While 
software and engineering investments align with digital 
transformation trends, their lower funding compared to 
training implies complementary (not leading) roles in 
innovation strategies.  

The results also show that RDI financing relies almost 
exclusively on internal firm sources: very few firms 
reported that they receive help from external funding via 
government support programmes or venture capital funds. 

6.4  Key barriers
	to  modernisation

As discussed throughout the report, the South African 
mining industry faces a range of complex barriers 
to innovation and modernisation, with structural 
inefficiencies and regulatory complexities remaining 

central and persistent challenges (Cawood, 2017). 
The sector’s infrastructure crisis marked by unreliable 
electricity supply and deteriorating transport networks 
poses significant operational challenges, hindering the 
effective deployment of advanced mining technologies 
(Lumadi & Nyasha, 2024). 

The analysis identifies several key barriers that 
prevent companies from taking part in RDI activities 
for modernisation. From a governance perspective, 
inadequate tax incentives and regulatory frameworks 
create substantial institutional barriers. Infrastructure 
deficiencies further compound these challenges, 
particularly energy supply constraints and insufficient 
ICT and transportation access. These structural issues are 
exacerbated by comprehensive skills shortages spanning 
engineering, managerial, and technical roles, which align 
closely with the documented gaps in tertiary education 
and formal training provision.

Market-related barriers present additional complications, 
including significant uncertainty, dominance by 
established enterprises, and unpredictable domestic 
demand patterns. Notably, competitive pressure appears 
to be less problematic than other market factors. At 
the firm level, insufficient RDI investment coupled with 
limited technological design capabilities represent critical 
internal constraints. These findings underscore how 
financial limitations directly curtail innovation potential 
across the mining sector.

There are marked differences between advanced 
technology adopters’ and standard technology adopters’ 
perceptions of barriers. Advanced technology adopters 
appear more concerned with navigating complex market 
dynamics and accessing specialised skills, while standard 
technology adopters struggle with fundamental access 
to infrastructure and supportive regulatory environments. 
The pattern suggests that as mining firms adopt advanced 
technologies, their barrier concerns shift. This differentiated 
understanding of barriers could help develop targeted 
interventions - addressing infrastructure and basic 
regulatory support for technology laggards while focusing 
on market stability, specialised skills development, and 
innovation ecosystem support for technology leaders.

Taken together, the findings in this chapter reflect a 
sector in transition, embracing innovation not only as a 
technological shift, but as a strategic move toward safer, 
more sustainable, and competitive practices. The analysis 
affirms that modernisation is a complex, multi-actor 
process, with varying levels of technological adoption 
across the mining value chain.
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The report aimed to investigate how current RDI capabilities 
align with modernisation goals in the mining sector, with 
the objective to provide evidence to inform more targeted 
policy mechanisms, programmes and interventions. This is 
the task of the final chapter: to draw policy insights from
the empirical trends, bearing in mind the data limitations.

7. CONCLUSIONS AND POLICY IMPLICATIONS

Anglo American Kumba Iron Ore Kolomela, Remote Drilling. Photo by Philip Mostert
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The intent is to offer guidance for industry bodies, firms, 
policy actors and government, on advancing RDI strategies 
for sustainable mining modernisation. Chapters one and 
four demonstrated that there is a strong, coordinated 
mining sectoral policy framework. The firm level evidence 
is used to suggest where existing interventions can be 
expanded, deepened or targeted more effectively, or where 
gaps may be filled. Using the analytical framework set out 
in chapter two, this chapter makes policy suggestions that 
may contribute to overcome the barriers and strengthen 
the enablers, revealed through the surveys.
  

7.1  The need to promote shared 
policy goals across the mining 
sectoral system of innovation

Current firms’ understandings of mining modernisation 
remains limited, largely understood as implementing 
new technologies and processes to improve operational 
efficiency or enhance safety. However, mining 
modernisation is inherently multifaceted, which calls 
for a broader, more inclusive perspective. Firms’ limited 
views overlook critical social, institutional, and policy 
dimensions, and particularly in the South African context, 
there is a need to broaden understanding to include the 
systemic changes required for inclusive and sustainable 
transformation.  

Moreover, firms’ RDI activities aimed to promote the 
modernisation of mining yield benefits from both 
anticipated and unforeseen outcomes, highlighting the 
complex and dynamic nature of modernisation. RDI 
efforts often yield significant unanticipated advantages in 
safety, cost efficiency, and sustainability and innovation 
objectives vary considerably across mining firms.  
 
7.1.1  Policy suggestions to shift perspectives
	 on modernisation:  

•	 Develop sector-specific innovation policies that 
acknowledge and support different and broader 
dimensions of modernisation.  

•	 Leverage existing industry bodies, such as MEMSA 
to introduce incentive structures that reward 
balanced performance in safety, technology, 
sustainability, data usage, and efficiency. A tiered 
membership model could be used to recognise and 
support high-performing firms through benefits 
like enhanced procurement access, industry 
visibility, and networking. This would transform 
established associations into effective levers for 
driving holistic, innovation-led modernisation.  

•	 Develop and implement comprehensive 
measurement frameworks to track progress across 
all key dimensions of mining modernisation. 
Approach this by extending the Minerals Council 
South Africa’s existing Global Benchmarking 
Competitiveness Assessment to include broader 
modernisation metrics, beyond traditional 
competitiveness indicators, incorporating 
technology adoption, safety, sustainability, data 
utilisation, and organisational change measures.  

•	 Build on Mandela Mining Precinct’s new five-
year strategy (2024), to incorporate broader 
modernisation dimensions beyond the current 
RDI focus, using MMP’s Mining Technology and 
Innovation Showcase as a regular platform for 
dissemination.  

•	 Enhance the MMP-Organised Labour Consultative 
Forum (established 2021) to include discussions on 
comprehensive modernisation approaches that 
address worker concerns about technology adoption, 
while promoting inclusive transformation.  

 
7.1.2  Suggested mechanisms to shift expected 

outcomes and leverage unexpected outcomes: 
•	 Expand knowledge-sharing platforms to create 

continuous learning networks. MMP hosts regular 
Mining Technology and Innovation Showcase events 
and has established collaborations with the Minerals 
Council South Africa. These can be expanded to 
develop year-round digital platforms, and quarterly 
sector-specific forums that enable firms to share 
unexpected innovation discoveries and lessons 
learned throughout the innovation cycle.  

•	 Enhance existing measurement frameworks to 
better capture serendipitous outcomes. Leveraging 
MMP’s established SAMERDI strategy framework and 
existing collaborative measurement systems with 
the Minerals Council South Africa by integrating new 
assessment tools that systematically document and 
analyse both planned and unplanned innovation 
benefits, creating a comprehensive database of 
innovation outcomes.  

•	 Integrate and scale proven measurement approaches 
across the sectoral innovation system. Build on 
CSIR’s established mining research frameworks and 
existing DSTI and Minerals Council RDI investments, 
by creating standardised metrics and reporting 
systems that capture both intended and 
serendipitous outcomes, enabling systematic 
learning and knowledge transfer across the mining 
innovation ecosystem. 

 



50 Modernisation of Mining in South Africa: Research, Development and Innovation Patterns and Firm Capabilities (2021-2023)

7.2	 The need to align and expand 
policy interventions and 
strategies to address gaps in 
mining firm capabilities

Significant gaps persist in mining firms’ capabilities, 
hindering their ability to drive and sustain modernisation 
efforts. It is clear that the main innovation activities 
reported differ from the traditional R&D-centric models 
promoted in policy strategies. Innovation tends to lean 
away from the development of new technologies towards 
the application of existing technologies, with many firms 
prioritising investment in employee training, engineering 
design, and asset acquisition. As a result, much of the 
sector’s RDI activity is underreported. Innovation in this 
context involves combining hardware acquisition with 
the in-house capabilities needed to adapt technologies 
to specific mining environments. This highlights the need 
to recognise engineering adaptation and contextual 
implementation as legitimate innovation activities in policy 
and measurement frameworks. The low levels of external 
funding for RDI activities and the dominance of a few sub- 
sectors in RDI spending point to areas for intervention.
 
7.2.1  Suggested changes to build firm RDI capabilities 

in heterogenous ways: 
•	 Broaden the definition of innovation in policy 

frameworks. While the SAMERDI strategy focuses on 
mining modernisation and is implemented through 
the MMP, the initial SAMERDI focus remains on 
hard-rock, narrow reef (platinum group metals 
and gold) ore bodies. The framework has not yet 
formally expanded to recognise non-R&D activities 
like engineering design and process adaptation as 
legitimate innovation, indicating this is only partially 
addressed and represents a current gap in policy 
frameworks.  

•	 Support capability development in firms. There is 
no straightforward evidence of targeted incentive 
schemes specifically for internal capability building 
in engineering and technology adaptation. While the 
MMP coordinates research efforts, direct firm-level 
capability development support is a policy gap 
with limited implementation that needs addressing.  

•	 Strengthen tailored and dedicated innovation 
support mechanisms for different types of mining 
firms, particularly small and medium enterprises 
(SMEs). This is a significant policy opportunity that 
is not specifically addressed, especially given the 
sector’s diverse supplier ecosystem.  

•	 Strengthen Intellectual Property Protections. Build 
on the plans announced by the Department of Trade 
Industry and Competition (DTIC) to modernise 

the Patents Act No. 57 of 1978 with a new Act and 
leverage SA’s existing Policy Phase I Framework to 
create mining-specific IP protection mechanisms 
that encourage R&D investment returns.  

•	 Create sector-specific innovation metrics and 
incentives.  No evidence exists of specialised metrics 
that capture non-R&D innovation activities like 
training and adaptation. 

•	 Leverage MMP’s Expression of Interest (EOI) calls. 
The MMP is positioned to drive mining industry 
research and innovation through SAMERDI, but 
there is no specific evidence that current EOI calls 
prioritise firms engaging in adaptation-based 
innovation. While the framework exists, the scope 
remains unclear, representing an opportunity to 
better utilise existing mechanisms.  

•	 Integrate SA Circularity in Mining and Metals 
Industry (SACMMI) within broader frameworks, 
which aims to support the mining sector in fast-
tracking circular interventions through science, 
technology and innovation. While recently launched, 
its integration with broader mining innovation 
frameworks is still developing, making this 
suggestion particularly timely.  

•	 Competition plays a dual role in South African mining 
modernisation, providing firms with valuable RDI 
knowledge while also creating pressures that may 
constrain long-term innovation and collaboration. 
Strengthening competitive intelligence capabilities 
and promoting pre-competitive knowledge-sharing 
platforms can help leverage competition to enhance 
industry-wide technological advancement.

7.2.2  Suggested changes to diversify and grow RDI 
funding and investment:  

•	 Expand existing funding options. Enhance existing 
TIA sector funding for mining by expanding their 
current focus on technologies that sustainably 
improve process efficiencies in extraction and use 
of natural resources, to include broader mining 
innovation priorities beyond traditional efficiency 
improvements.  

•	 Simplify access to existing government support 
programmes for mining firms. Build on the 
government support framework that offers 
financial and non-financial programmes, funds and 
incentives, by creating mining-specific guidance 
and streamlined application processes that help 
firms navigate the diverse resource landscape 
more effectively.  

•	 Better utilise public funding instruments specifically 
designed for mining modernisation. Expand the 
Industrial Development Corporation’s Basic Metals 
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and Mining Strategic Business Unit funding 
mechanisms to include dedicated instruments for 
mining modernisation technologies, building on their 
existing focus on globally competitive downstream 
manufacturing in metals value chains.  

•	 Enhance venture capital funding mechanisms. 
Leverage SA’s position as one of Africa’s ‘big four’ 
tech venture capital funding destinations by creating 
mining technology-specific venture capital matching 
programmes that build on the existing ecosystem 
whilst addressing the sector’s unique investment 
requirements.  

•	 Prioritise funding and implementation support. 
Build on CSIR’s existing funding streams to create 
specialised pathways for mining modernisation that 
combine research funding with implementation 
support.  

•	 Expand existing public-private funding mechanisms, 
such as the well-established MMP public-private 
partnership funding framework, to create tiered 
funding packages that support technology 
development, from early research through to 
commercial adoption, building on the successful 
collaborative model already in place.  

 
7.2.3  Grow firms’ ability to adopt more advanced 

technologies and to shape tailored 
technological advancements: 

•	 Support transition to advanced technologies. Better 
leverage existing R&D tax incentives and TIA funding 
by creating mining-specific application pathways 
that prioritise transformative technologies, 
ensuring these established financial instruments are 
accessible and relevant to mining firms exploring 
robotics, biotechnology, and blockchain solutions.  

•	 Invest in skills and technical capacity. Develop 
specialised curricula within existing mining 
education frameworks that embed advanced 
technology competencies, building on current 
vocational training and university programmes to 
include AI, robotics, and data science specifically 
tailored to mining contexts.  

•	 Expand MMP’s test mine concept. This will better 
enable the creation of a network of specialised 
testing facilities for different mining contexts, 
enabling piloting of transformative technologies 
such as robotics, biotechnology, and blockchain.  

 
7.2.4  Address critical capacity gaps for specialised 

skills, technical expertise and institutional 
support:  

•	 Strengthen industry-aligned skills development. 
Collaborate with industry to develop and fund 
specialised training programmes focused on 

emerging mining technologies, ensuring alignment 
with real-world operational needs.  

•	 Invest in skills development for modern mining. 
Build on CSIR’s existing Virtual Reality training 
technology and hands-on training programmes 
by expanding their mining-specific digital skills 
development initiatives to include comprehensive 
data analytics and engineering capabilities through 
strengthened public-private partnerships.  

•	 Incentivise firm-level skills investment. Introduce 
incentives or matching grants for mining firms that 
invest in specialised employee training related to 
digitalisation and advanced technologies.  

•	 Promote public–private partnerships in skills 
planning. Facilitate joint planning between 
government, industry, and training institutions 
to forecast skills demand and adapt curricula in 
advance of technological shifts.  

•	 Support skills transfer through innovation projects. 
Encourage skills transfer by linking funding for 
tech adoption projects to mentorship, training, and 
hands-on learning components for local staff. 

•	 Utilise MMP’s convening power to establish formal 
skills forecasting mechanisms that align with 
technology adoption roadmaps and leverage the 
MMP-Organised Labour Consultative Forum to 
address worker concerns and career progression 
pathways.  

•	 Build on CSIR’s existing technical training 
programmes to create modular, industry-
responsive curricula that can adapt to rapid 
technological changes in mining.  

7.2.5  Expand availability of advanced technical 
infrastructure to enable the adoption and 
scaling of cutting-edge innovations:  

•	 Expand on SA’s existing innovation ecosystem. 
This includes the Innovation Hub, FabLabs, and 
emerging AI research centres like Wits’ MIND 
Institute, by establishing mining-specific innovation 
hubs that provide specialised access to HPC, 
robotics labs, and prototyping facilities, tailored

	 to mining industry needs.  
•	 Target infrastructure upgrades in innovation grants. 

Leverage the existing Centre for High Performance 
Computing infrastructure, which is already supported 
by the DSTI, by creating mining-specific access 
protocols and funding mechanisms that enable firms 
to utilise HPC and advanced computing resources 
for mining applications.  

•	 Promote technology diffusion platforms. Expand 
existing technology diffusion initiatives such as 
the TMM Digital Twin project developed by CSIR, 
in collaboration with the Minerals Council South 
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Africa and MMP, by creating structured platforms 
for broader technology demonstration and transfer 
across the mining sector.  

•	 Leverage existing infrastructure. Prioritise the 
optimal use of the CSIR’s established research 
infrastructure and specialised laboratories to 
provide shared access to HPC, robotics labs, and 
prototyping facilities for firms lacking in-house 
capabilities.  

•	 Ensure better use of test mines. Expand the test 
mine to create shared access protocols that enable 
SMEs and technology startups to test innovations 
alongside established mining companies.  

 
7.2.6  Strengthen collaboration and interaction across 

the sectoral system of innovation, to leverage 
local and international knowledge networks:  

•	 Create coordinated institutional support. Formalise 
existing inter-departmental collaboration patterns 
between DMPR, DTIC, and DSTI by creating 
structured coordination mechanisms such as a 
working group that build on current institutional 
relationships to address systemic barriers more 
effectively.  

•	 Strengthen existing partnerships. Ensure that
	 firms, universities, and research institutions are 

able to effectively work together by creating 
formal facility-sharing agreements that provide 
mining firms with structured access to university 
and research institution capabilities.  

•	 Build functional innovation systems. Strengthen 
the existing CSIR-TIA partnership established in 
2019 by expanding their five-year collaboration 
agreement to include formal coordination with 
the Wits Commercialisation Unit and creating 
structured advisory mechanisms that directly 
engage mining companies in defining research 
priorities and funding allocation.  

•	 Strengthen industry–academic collaboration. 
Build on existing university-industry partnerships 
by leveraging TIA’s established sector funding 
for mining technologies that improve process 
efficiencies and expand the joint R&D funding 
mechanisms to specifically target applied 
innovation and technology adaptation projects.  

•	 Strengthen and expand initiatives like the MMP. 
Enhance the established MMP public-private 

partnership model by developing structured 
industry engagement protocols that increase 
participation from SMEs and technology startups 
alongside existing major mining company 
involvement.  

•	 Establish and leverage existing innovation 
partnership hubs. Formalise the existing 
collaborative networks between CSIR, academic 
institutions, and industry by creating structured 
partnership agreements that build on current 
informal collaboration patterns and enhance 
technology transfer mechanisms.  

•	 Develop and strengthen existing localised innovation 
networks. Expand the successful MMP model to 
create regional innovation clusters that connect 
mining firms with local universities and TVET 
colleges, building on the established collaborative 
framework to create a distributed network of 
innovation hubs.  

•	 Strengthen collaboration across the value chain. 
Connect existing SAMERDI collaborative research 
partnerships with regional clusters to strengthen 
linkages across the value chain and South African 
research institutions. 

•	 Establish effective knowledge sharing and visibility 
structures. Establish a centralised repository to 
consolidate key research such as the Minerals 
Council South Africa’s benchmarking, CSIR studies, 
and MMP insights creating a shared knowledge base 
to track mining modernisation, reduce duplication, 
and guide strategic, collaborative action.
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8. APPENDICES

Richards Bay Minerals RioTinto
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8.1  Appendix One: Detailed 
Methodological note

This methodological note outlines the research design of 
the study, which rests on a carefully designed research 
approach. The study employed an exploratory research 
design to investigate RDI activities supporting mining 
modernisation in SA. The methodology featured a two- 
tiered survey approach: an initial profiling survey to identify 
RDI-active firms, followed by a comprehensive main survey 
examining specific RDI patterns. The research process 
combined quantitative and qualitative methods, utilising 
multi-channel data collection techniques to gather 
information from 180 mining and mining services firms. 
Of 121 firms completing the initial profiling, 90 RDI-active 
organisations participated in the main survey. The 
methodology incorporated extensive stakeholder 
engagement, rigorous data processing protocols, and 
validation measures to ensure reliability of findings.

Research Approach

The study employed an exploratory mixed-methods 
research design built upon three foundational pillars. 
First, comprehensive desktop research involved thorough 
analysis of literature and frameworks on mining 
modernisation and RDI. This included reviewing scholarly  
publications, industry reports, policy documents, and case 
studies from both global and South African contexts. 
Through this process, we examined international and local 
mining innovation trends, which ultimately informed the 
development of our analytical framework (see Chapter 2).

Second, stakeholder consultations featured engagement 
with 56 key actors across the mining innovation ecosystem. 
We conducted structured dialogues with representatives 
from private firms, government agencies, policymakers, 
science councils, and NGOs. These consultations included 
mining executives, technology specialists, industry 
associations, and research institutions, allowing us to 
integrate expert insights that contextualised mining 
modernisation in practical, real-world settings.

Third, industry engagement was facilitated through 
strategic workshops and collaborative initiatives. We 
organised a virtual launch event with Minerals Council 
South Africa members and other key stakeholders in 
the mining modernisation ecosystem. This engagement 
established clear communication channels for queries 
and feedback while generating initial momentum for data 
collection. We also implemented a multi-channel media 
strategy utilising LinkedIn posts and industry publications 
to create awareness and encourage participation.

Survey Design and Implementation

Survey Instruments
The study is based on a two-tiered survey approach: an 
initial profiling survey to identify RDI-active firms, followed 
by a comprehensive main survey examining specific RDI 
patterns. The profiling survey served as a preliminary 15-
minute assessment designed to gauge RDI activity levels 
within mining companies. This instrument contained key 
sections covering economic activity classification, type of 
mining operation, commodity focus, innovation activity 
assessment, RDI activity evaluation, advanced technology 
utilisation, and understanding of modernisation concepts. 
This initial survey functioned as both a screening 
mechanism and contextual tool before proceeding to the 
more detailed main survey.

The main survey constituted a comprehensive 30-60 
minute assessment of specific RDI patterns among firms 
identified as RDI-actives. This instrument delved into RDI 
outcomes and impacts, examining firm capabilities across 
human, infrastructure, and technological dimensions. 
It also investigated financial aspects of RDI activities, 
collaboration patterns, information sources used by 
firms, barriers to RDI implementation, and broader firm 
characteristics and operational context. This in-depth 
survey provided the core data for understanding mining 
modernisation processes.

The survey instruments were developed through a 
structured process:

1	 Review of established CeSTII surveys (National 
Survey of Research and Experimental Development; 
South African Business Innovation Survey, 
Agricultural Business Innovation Survey);

2	A daptation of questions to mining modernisation 
context;

3	A lignment with conceptual framework components;
4	C ognitive testing with sample participants to 

evaluate effectiveness;
5	 Refinement based on feedback and testing results.

Population and Sampling Strategy
The industry definition for this study encompassed the 
mining sector as defined by SIC 20000 codes. This 
classification includes mining of coal and lignite, extraction 
of crude petroleum and natural gas, mining of gold and 
uranium ore, mining of metal ores (except gold and 
uranium), other mining and quarrying, and service activities 
incidental to mining.

We employed a purposive non-probability sampling 
approach, selecting units based on specific characteristics 
required for the study. These characteristics were 
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determined through expert selection 
using three primary sources: the 
Minerals Council South Africa member 
list, mining companies in CeSTII’s 
National Survey of R&D, and mining 
companies in the Business Innovation 
Survey.

Our first profiling survey targeted 180 
mining and mining services firms. Of 
these, 121 firms completed the profiling 
survey, being a 67.2% response rate. 
Based on this first assessment, we 
found 90 RDI-active firms that were 
after included in the main RDI survey. 
This two-tiered approach ensured that 
our detailed investigation focused 
specifically on organisations actively 
engaged in research, development 
and innovation (RDI) activities.

Data Collection Methods
We implemented a multi-channel 
approach to maximise response 
rates and accommodate participant 
preferences. The online survey, 
hosted on the RedCap portal and 
distributed via email links, allowed 
for self-administered completion by 
participants with reliable internet 
access. For those who preferred 
offline completion or experienced 
connectivity issues, we offered a 
PDF survey option that could be 
completed and submitted via email
at the participant’s convenience.

We also conducted facilitated 
interviews guided by research team 
members using a standardised 
researcher guide. This approach 
provided real-time clarification of 
complex questions and ensured 
consistent data collection across 
different interviewers. Additionally,
the research team attended the Electra 
Mining Expo 2024, conducting field 
visits that enabled direct engagement 
with mining companies and face-to- 
face interviews with service providers. 
This multi-faceted data collection 
strategy helped overcome access 
barriers and increased overall 
participation rates.

sampling process for rdi mining modernisation

Initial population definition
Mining Sector (SIC 20000), Coal, Gold, Metal Ores, Other Mining

Purposive Sampling
180 Mining and Mining Services Firms

Profiling Survey Respondents
121 Firms (67.2% Firms Responded)

Main RDI Survey - Final study sample
90 RDI active firms

Data Collection Outcomes 
121 Profiling Survey Responses – 90 Main RDI Survey Completions

Minerals Council 
Member List

CeSTII 
R&D Survey

Business 
Innovation Survey

Profiling Final SamplePopulation Data Sources Initial Sample

Figure 22: Sampling process diagram

(Source: Authors)
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Participant Recruitment and Response Enhancement
Initial recruitment used automated emails via Everlytic, 
followed by personalised approaches due to low initial 
response:

•	 Individual targeted emails to all potential 
participants.

•	S ystematic follow-up call schedule.
•	M ultiple reminder emails for non-respondents.
•	 Industry association endorsements and 

promotions.

Participants represented diverse roles within mining 
organisations:

•	E xecutive managers.
•	P roject managers.
•	E ngineers and technical specialists.
•	C ompliance and risk managers.
•	H R professionals.
•	A dministrative support officers.
•	 Finance and accounting managers.

Data Processing Protocol
We implemented a structured five-step data cleaning 
protocol to ensure data quality and consistency. The 
process began with duplicate removal, which involved 
cross-checking submissions by company identifier and 
resolving instances where multiple submissions came 
from the same organisation. We then enforced skip 
logic throughout the dataset, verifying question routing 
integrity and correcting any logical inconsistencies in the 
response patterns.

The third step involved completion verification, where we 
assessed response completeness and followed up with 
participants to obtain any critical missing data. This was 
followed by qualitative response quality checks, which 
included evaluating open-ended responses and seeking 
clarification for ambiguous statements. Finally, we 
conducted output validation by confirming data formatting 
and verifying that all outputs adhered to established 
protocols. This comprehensive approach to data cleaning 
ensured the integrity of the final dataset used for analysis.

Figure 24: Data Processing Workflow

(Source: Authors)
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Analysis Approach
Analysis was conducted through a dual-team verification 
process to enhance reliability. We implemented parallel 
analysis where independent teams from HSRC and RIIS 
examined the data separately, followed by cross-validation 
of findings and resolution of any discrepancies through 
team discussion. This approach minimised analytical bias 
and strengthened the credibility of our interpretations.

Our analytical techniques incorporated descriptive 
statistical analysis of quantitative data alongside thematic 
coding of qualitative responses. We conducted cross-
tabulation of variables by firm characteristics to identify 
patterns across different types of mining operations and 
organisational contexts. Throughout the analysis, we 
focused on pattern identification across the RDI dimensions 
established in our conceptual framework.

For output development, we created standardised 
summary tables and visual representations to effectively 
communicate our findings. The integration of quantitative 
and qualitative insights allowed for a more nuanced 
understanding of RDI activities in mining modernisation, 
providing both statistical findings and contextual 
explanations for observed patterns.

Quality Assurance and Ethical 
Considerations

Validity and Reliability
We implemented several strategies to enhance the validity 
of our research. Instrument validation involved aligning 
our survey tools with established national survey methods 
while adapting them to the specific context of mining 
modernisation. We conducted cognitive testing with 
representatives from our target population to ensure 
questions were clear and effective. Additionally, expert 
review of survey questions by industry specialists and 
research methodologists helped identify and address 
potential issues before full implementation.

Process validation was equally important in our approach. 
We developed a standardised researcher guide to ensure 
consistency across all team members involved in data 
collection. Regular calibration meetings among the research 
team addressed emerging challenges and maintained 
methodological consistency. Throughout the project, we 
systematically documented all methodological decisions.

To ensure data collection consistency, we established 
standardised protocols that applied across all collection 
methods, whether online, PDF, or interview-based. 

Researcher training on interview techniques was provided 
to all team members conducting facilitated surveys, with 
emphasis on neutral question presentation and probing 
techniques. We also implemented quality control checks 
during data gathering, with periodic review of incoming 
responses to identify and address any inconsistencies.

Analysis reliability was supported through our dual 
independent analysis process, which involved separate 
teams analysing the same data before comparing results. 
Regular inter-coder reliability checks for qualitative data 
were conducted throughout the analysis phase, with 
any discrepancies resolved through team discussion and 
consensus-building processes.

Ethical Considerations
Throughout the research process, we maintained a strong 
commitment to ethical research practices. Voluntary 
participation was emphasised in all communications with 
potential participants. We clearly communicated the 
voluntary nature of participation, provided opportunities 
for individuals to decline involvement, and respected 
their right to withdraw at any stage of the research 
process without negative consequences.

Respondent support was integrated into our methodology 
to reduce participant burden and enhance the quality of 
responses. We offered multiple response options to 
accommodate different preferences. Facilitated interviews 
were available for those who preferred guidance through 
complex questions. Technical assistance was accessible 
throughout the process, with dedicated contact 
persons available to address any concerns or difficulties 
participants encountered.

Data protection was prioritised through secure data storage 
protocols that safeguarded all information collected. We 
implemented anonymisation procedures so that reported 
findings do not allow identification of specific organisations. 
All research team members signed confidentiality 
agreements, establishing clear expectations regarding 
data handling and protection of participant privacy.

Limitations and Mitigation 
Strategies

Methodological Challenges
We encountered several methodological challenges during 
the research process. One significant issue was the initially 
low response rates to automated outreach efforts. To 
address this limitation, we implemented a personalised 
follow-up strategy that included individual emails, direct 
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phone calls, and targeted reminders. This approach 
improved participation rates, though not to the extent 
initially targeted.

Variable completion times for the main survey (ranging 
from 30-60 minutes) created inconsistency in the 
depth of responses. We mitigated this challenge by 
offering multiple response format options and providing 
facilitated assistance for respondents with time 
constraints. This flexibility helped maintain data quality 
while accommodating participants’ varying availability. 
We also recognised the potential for response method 
inconsistency, with possible variations between self-
administered and interview responses. To address this 
concern, we developed and utilised a standardised 
researcher guide for all facilitated interviews. These 
measures helped ensure comparability across different 
data collection methods.

Representativeness Limitations
The study’s findings are derived from a select group of 
mining firms and should not be extrapolated to represent  
the entire mining sector. The diversity of mining operations, 
scales, and innovation approaches across the industry may 
not be fully reflected in this sample.

The sample does not fully represent the market, as major 
industry players did not participate despite extensive 
recruitment efforts. Uneven representation across firm 
sizes and subsectors may bias findings toward specific 
industry segments. Given the small sample sizes these 
findings should be interpreted as preliminary trends 
rather than definitive conclusions.
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8.2  Appendix TWO: Profiling survey questionnaire

To view or download the complete questionnaire, click here.

Science and Innovation
Department:

REPUBLIC OF SOUTH AFRICA

science & innovation 

Research, Development, and Innovation 

for Modernisation of Mining

in South Africa

Company Profiling Survey
2021 – 2023

2

What is the Purpose?

The Centre for Science, Technology, and Innovation Indicators (CeSTII) of the Human 
Sciences Research Council (HSRC), in partnership with the Minerals Council of South 
Africa, is investigating research, development and innovation (RD&I) activities of 
mining firms. The aim of this short profiling survey is to identify and characterise 
those mining firms that engage in RD&I activities with the intention to modernise 
operational processes.

What is the Scope?

This survey collects information on the mining company’s main business activities, 
mining operation type and innovative changes introduced in the company in the past 
three years. 

What about the confidentiality of my company’s information?

All data gathered for this survey are confidential. Only the survey team have access 
to individual company data. As part of this partnership, the Research Institute for 
Innovation and Sustainability (RIIS) will form part of the survey team on behalf of the 

Minerals Council. The survey team will not disseminate any information identifiable 
to a company.  All members of the survey team will adhere to strict confidentiality 
protocols. 

Who to contact if you have any concerns  

This research has been approved by the HSRC Research Ethics Committee (REC).
If you have any complaints about ethical aspects of the research or feel that you 
have been harmed in any way by participating in this study, please call the HSRC’s 
toll-free ethics hotline 0800 212 123 (when phoned from a landline from within 
South Africa) or contact the Human Sciences Research Council REC Administrator, 
on Tel 012 302 2012 or e-mail research.ethics@hsrc.ac.za.

Whom can I contact if I need assistance?

If you have any problems in completing this questionnaire and/or meeting the due 
date, please do not hesitate to contact any of the survey management staff listed 
for assistance:
Name of staff Telephone Email address
Dr Kgabo Ramoroka 021 466 8004 khramoroka@hsrc.ac.za
Lithakazi Nxiweni 012 653 1334 lithakazi.nxiweni@riis.africa

IMPORTANT INFORMATION

Contact details:

Name:

Surname: 

Job Title:

Company telephone:

Company email:

Company Address 1:

Company Address 2:

Company Address 3:

Postal code: 

COMPANY ID:

3

Company profile1

1.1 Company name 

1.2 From which activities does your company derive its income in mining? Please indicate the percentage (approximately) of 
income derived per activity.

SIC Description  Select

21000

22000

23000

24000

25000

29000

Mining of coal and lignite

Extraction of crude petroleum and natural gas; service activities incidental to oil and
gas extraction, excluding surveying

Mining of gold and uranium ore

Mining of metal ores, except gold and uranium

Other mining and quarrying

Service activities incidental to the mining of minerals

http://dx.doi.org/doi:10.14749/31745182
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8.3  Appendix Three: Main survey questionnaire

To view or download the complete questionnaire, click here.

Science and Innovation
Department:

REPUBLIC OF SOUTH AFRICA

science & innovation 

Research, Development, and Innovation 

for Modernisation of Mining

in South Africa

Survey 2021 – 2023

2

What is the Purpose?

The Centre for Science, Technology, and Innovation Indicators (CeSTII) of the Human 
Sciences Research Council (HSRC), in partnership with the Minerals Council of South 
Africa, is investigating research, development and innovation (RD&I) activities of 
mining firms. The aim of this survey is to investigate RD&I for modernisation in 
mining in the past three years (2021-2023), to inform and contribute to developing 
pathways for improvements in the mining sector in South Africa.

What about the confidentiality of my company’s information?

All data gathered for this survey are confidential. Only the survey team have access 
to individual company data. As part of this partnership, the Research Institute for 
Innovation and Sustainability (RIIS) will form part of the survey team on behalf of the 
Minerals Council. The survey team will not disseminate any information identifiable 
to a company.  All members of the survey team will adhere to strict confidentiality 
protocols. 

Who to contact if you have any concerns 

This research has been approved by the HSRC Research Ethics Committee (REC). 
If you have any complaints about ethical aspects of the research or feel that you 
have been harmed in any way by participating in this study, please call the HSRC’s 
toll-free ethics hotline 0800 212 123 (when phoned from a landline from within 
South Africa) or contact the Human Sciences Research Council REC Administrator, 
on Tel 012 302 2012 or e-mail research.ethics@hsrc.ac.za.

Whom can I contact if I need assistance?

If you have any problems in completing this questionnaire and/or meeting the due 
date, please do not hesitate to contact any of the survey management staff listed 
for assistance:
Name of staff Telephone Email address
Dr Kgabo Ramoroka 021 466 8004 khramoroka@hsrc.ac.za
Lithakazi Nxiweni 012 653 1334 lithakazi.nxiweni@riis.africa

IMPORTANT INFORMATION

Contact details:

Name:

Surname: 

Job Title:

Company name:

Company email:

Company Address 1:

Company Address 2:

Company Address 3:

Postal code: 

COMPANY ID:

3

Research, development and innovation (RD&I)
RD&I is the process of developing and commercialising new products and services, 
improving existing ones, implementing new processes or changing the way your 
business operates. The following questions ask about your organisation’s RD&I 
activities and the introduction and use of advanced technologies and processes
in your company.

Modernisation is a process of technological change that creates a major economic 
transition and a period of industrial change. It seeks to increase production, 
productivity, efficiency, and safety in mining while benefiting the local 
community and the national economy. 

Examples: Automation of mining processes through the use of robotic systems; 
implementation of advanced data analytics; use of advanced sensors and 
remote monitoring systems to improve safety and efficiency.

Innovation is a new or improved product or business process (or combination 
thereof) that differs significantly from the firm’s previous products or business 
processes and that has been introduced on the market or brought into use by 
the firm. The innovation need only be new to your company (i.e., it could have 
been developed by another company originally). 

Examples: Adoption of the Mining Industry Occupational Safety and Health 
(MOSH) leading practices; adoption of drones to improve safety and optimise 
mining operations. The use of digital twinning to predict outages and reduce
risk of downtime. Adoption of Internet of Things (IoT) into operations promoting, 
amongst other things, asset management across the entire value chain.

Research and experimental development (R&D) refers to all the investigative 
activities conducted by a company to innovate, introduce new products and services, 
and improve its goods and processes. 

Examples: Research into new methods of mineral extraction and processing; 
development of new materials and technologies for mining equipment.

 DEFINITIONS 

RD&I can be incremental, disruptive and radical.

Incremental RD&I entails gradual improvements to

existing products or processes, focusing on enhancing

efficiency and quality. Radical RD&I involves the creation of 

entirely new products or processes, often through pioneering 

technologies or concepts. Disruptive RD&I shifts markets

and business models by introducing simpler,

more accessible offerings, affecting industry

structures and potentially displacing

established companies.

http://dx.doi.org/doi:10.14749/31745182
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