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“Abstract”

South Africa will continue to exist at the convergence of the digital revolution and the green
economy, facing persistent challenges such as sluggish economic growth, high unemployment,
and an entrenched digital divide. This study will introduce the Integrated Emerging Technologies
Framework (IETF), which will amalgamate Artificial Intelligence (Al), Blockchain, and Quantum
Computing to promote equitable growth. Case examples from the Council for Scientific and
Industrial Research (CSIR), the South African Reserve Bank’s (SARB) Project Khokha, and the
Wits—IBM Quantum Partnership will illustrate how these technologies improve productivity,
transparency, and resilience. The research will employ a mixed-method, desk-based approach to
assess adoption patterns, GDP contributions, and policy barriers. The research findings will
advocate cohesive policies, investments, and research efforts aimed at transforming systemic
difficulties into opportunities. This framework seeks to align South Africa's innovation trajectory
with the Sustainable Development Goals (SDGs) and the National Development Plan (NDP)
2030.
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1. Research scope

The research has the following specific objective:

1. To examine the integration of Al, Blockchain, and Quantum Computing into South
Africa's socio-economic structures to promote equitable growth and resilience. It will
evaluate their obligations in addressing structural concerns, such as economic stagnation,
skills deficiencies, insufficient innovation ecosystems, and policy fragmentation.

2. To identify the policy, institutional, and regulatory gaps that hinder technology adoption
within the frameworks of the NDP 2030 and 4IR strategies.

3. To establish an Integrated Emerging Technologies Framework (IETF) that aligns
emerging technologies with the Sustainable Development Goals (SDGs), promoting
inclusive and sustainable development in South Africa.
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The research will highlight cross-technology synergies, identifying opportunities for South Africa
to overcome traditional challenges and align with global innovation trends. Three primary forces
will shape the context of South Africa. The economic imperative is critical: as GDP growth
diminishes, the incorporation of frontier technology will be vital to improve productivity and
global competitiveness. Secondly, the social imperative: to fix high unemployment, gender gaps,
and digital divides, we need technology projects that make it easier for everyone to go to
education, health care, and financial services.

1.1 Theoretic framework

This conceptual framework illustrates the disruptive effects of new technologies, including
Artificial Intelligence (AI), Blockchain, and Quantum Computing, on South Africa's economy
and society. The framework explains how using new technology may help the South Africa
economy thrive, restore public trust, and secure its place in the global digital and green economy,
teach people new skills, create jobs, and inspire new ideas. If it does good research and
development, it makes policies that include everyone and finds ways to make money from these
technologies. It does this by linking together national projects like the Wits—IBM Quantum
Partnership, CSIR's Al applications in healthcare and agriculture, and SARB's Project Khokha,
which leverages blockchain for banking. The model says that South Africa is on track to meet the
UN's Sustainable Development Goals (SDGs) and the National Development Plan (NDP) 2030.

Independent Variables (Emerging Technologies) Dependent Variables (Outcomes)
Artificial Intelligence (Al): automation, predictive | GDP Growth (technology-led productivity).

analytics, smart agriculture, healthcare diagnostics.

Blockchain: transparency in governance, financial | Skills Development (STEM, digital literacy).
inclusion, secure digital identities.

Quantum Computing: futureproofing, advanced research, | Trust in Governance (transparency, accountability).
high-performance problem solving.

Innovation Capacity (patents, startups, R&D output).
Job Creation (new industries, SMEs).
Table 1. Indicating independent and dependent Variables emerging technologies (source: authors

own)
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Conceptual Framework: Emerging Technologies & Socio-Economic Outcomes in South Africa
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Figure 1. Conceptual Framework linking AI, Blockchain, and Quantum Computing to Socio-
Economic Outcomes in South Africa (source: authors own)

1.1.1 Atrtificial Intelligence (Al)

Artificial intelligence greatly boosts productivity around the world and encourages new ideas.
Some of the uses are personalised healthcare, financial services, and smart cities (McKinsey,
2023). Using Al in farming makes precision farming better, which leads to higher crop yields and
less waste of resources (Zhang et al., 2021). Machine learning algorithms improve diagnostics
and patient care in the healthcare sector (Topol, 2019). The adoption of Al in Africa remains
nascent, yet it is experiencing considerable expansion. Kenya, Nigeria, and South Africa have
established themselves as regional leaders in Al-driven fintech, e-commerce, and agricultural
solutions (Ndung’u, 2022). South Africa has developed infrastructure and research capabilities;
however, access remains inconsistent, particularly in rural regions that encounter difficulties with
connectivity and digital literacy (Gillwald et al., 2022). The Al applications developed by CSIR
in agriculture and health illustrate the continent's capacity to tackle traditional challenges through
data-driven innovation.

1.1.2 Blockchain

Blockchain technology offers benefits that surpass the realm of digital currency. Digital identities,
supply chains, and decentralized banking offer significant benefits (Tapscott and Tapscott, 2020).
In Europe and Asia, there is a growing adoption of blockchain technology for applications
including land registries, public procurement, and logistics (Catalini and Gans, 2020). The
financial services sector in Africa predominantly uses blockchain technology, particularly for
mobile payments and cross-border transactions. Nigeria and Kenya possess significant
ecosystems for blockchain start-ups that facilitate monetary transactions for small and medium-
sized enterprises (Ndiaye, 2022). The South African initiative Khokha serves as a significant
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evaluation of blockchain's potential to transform wholesale banking and enhance payment
systems (SARB, 2022). Blockchain technology can enhance land reform by securing property
registries. This signifies a significant issue within the social and political structure of South
Affica.

1.1.3 Quantum computing

Quantum computing is moving from being just a notion to being used in the real world all around
the planet. Major companies like Google, IBM, and Microsoft are putting a lot of money into
quantum systems to solve optimization and cryptography problems that classical computers can't
handle (Arute et al., 2019). Quantum computing is a big step forward in the realms of drugs,
logistics, and secure communication (Preskill, 2018). South Africa is at the forefront of quantum
research in Africa. The collaboration between Wits University and IBM grants African
researchers’ cloud-based access to quantum processors (Wits, 2021). This initiative is essential
for enhancing continental preparedness for quantum technologies, despite the likelihood that
widespread adoption may not occur for another decade. In the absence of these investments,
Africa may face exclusion from the forthcoming wave of technological transformation.

1.2 South Africa’s economic and technological landscape

South Africa is at a critical juncture characterized by economic stagnation alongside rapid
technological advancement. Over the past decade, the average annual growth rate of Gross
Domestic Product (GDP) has remained below 1%, suggesting structural deficiencies in energy
supply, industrial productivity, and labour market participation (World Bank, 2024). The
unemployment rate is 32.9%, with youth unemployment surpassing 60% (Stats SA, 2024). This
economic environment highlights the necessity for innovative strategies to enhance growth and
competitiveness. South Africa is establishing its stance in the global dialogue regarding the
Fourth Industrial Revolution (4IR), as emerging technologies such as Artificial Intelligence (Al),
Blockchain, and Quantum Computing increasingly influence industries, governance, and daily
life.

National policy frameworks, such as the National Development Plan 2030 and the 4IR
Commission Strategy, acknowledge that a lack of technological adoption and innovation could
result in South Africa's marginalization within the global economy (Department of Science and
Innovation, 2022). Various initiatives illustrate this technological transition. The Council for
Scientific and Industrial Research (CSIR) have spearheaded progress in artificial intelligence
applications in precision agriculture, drought predictions, and healthcare diagnostics (CSIR,
2023). The South African Reserve Bank (SARB) commenced Project Khokha 2 to evaluate
blockchain-based distributed ledger technology for interbank payments (SARB, 2022).

Wits University is the first university in Africa to join the IBM Quantum Network. It has access
to advanced quantum computing resources (Wits, 2021). These instances show problems with
scalability, commercialization, and integration across sectors. South Africa's economy is not
growing, there aren't enough trained workers, and people don't have equal access to the internet.
The research says that there should be innovation clusters, research.
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1.3 Problem Statement

Over the past ten years, South Africa's economy has shown that it has structural problems. From
2012 to 2023, the average annual GDP growth stayed below 1%. This was due to ongoing
problems with energy instability, low investment, and slow productivity development (World
Bank, 2024). This lack of growth has made inequality worse and kept many out of work. The
official unemployment rate in 2024 was 32.9%, and more than 60% of young people were
unemployed (Stats SA, 2024). The main social and economic problem facing the country is that it
can't find productive work for its rising workforce.

New technologies like Artificial Intelligence (Al), Blockchain, and Quantum Computing have the
potential to boost productivity, create new jobs, and make the world fairer. The advantages of
digital transformation are not uniformly spread around. There are significant digital gaps in South
Africa based on where you live, how much money you make, and your gender. Broadband access
is far lower in rural areas than in cities, and low-income families have trouble paying for it
(Gillwald et al., 2022). Women are still not well represented in digital fields, both as users of
technology and as students in STEM education programs (UNESCO, 2021). If we don't take steps
to fix these gaps, they will probably get worse, which will keep marginalized people from getting
jobs and new ideas in the future.

1.3.1 Policy and institutional gaps: NDP 2030 and 4IR strategy

National policies recognize the significant impact of innovation. The National Development Plan
(NDP) 2030 acknowledges the essential role of science, technology, and innovation in promoting
job creation and fostering sustainable development. The Presidential Commission on the Fourth
Industrial Revolution (4IR), established in 2019, issued recommendations related to digital skills,
infrastructure, and governance frameworks (Department of Science and Innovation, 2022).
Significant discrepancies remain between policy objectives and their implementation.

First, policies are often fragmented and not fully aligned. The NDP 2030, the 4IR Strategy, and
the National System of Innovation framework each highlight technology adoption but lack a
unified roadmap for integrating emerging technologies like AI, blockchain, and quantum
computing. As a result, programmes remain siloed, underfunded, or poorly coordinated across
government, academia, and the private sector (OECD, 2022).

Secondly, funding for research and development (R&D) in South Africa has consistently been
below 1% of GDP, which is considerably less than the African Union's suggested 2% and the
OECD average of 2.5% (World Bank, 2024). The lack of investment limits the capacity of
universities, research institutes, and innovators to develop and enhance frontier technologies.

Thirdly Regulatory ambiguity impedes adoption. Blockchain technologies remain predominantly
unregulated, aside from financial projects like SARB’s Project Khokha 2, resulting in ambiguity
for inventors and investors (SARB, 2022). The foundations for Al ethics and data governance are
insufficiently defined, leading to concerns around privacy, bias, and spying. Quantum computing
requires the formulation of proactive policies to guide investment and safeguard security
interests, despite its long-term implications.
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The identified gaps undermine South Africa's global competitiveness and may exacerbate its
reliance on imported technologies, rather than promoting the development of indigenous
innovation ecosystems.

1.3.2 Specific challenges in R&D, skills, and commercialization

South Africa is home to esteemed research institutions, including the Council for Scientific and
Industrial Research (CSIR), prominent universities such as Wits, and innovation centres like
Tshwane’s Innovation Hub. Nonetheless, various systemic barriers constrain their effectiveness.

Research and development funding is inadequate, especially in high-risk, deep-tech sectors.
Countries such as China, the USA, and India invest billions in Al and quantum research, whereas
South Africa faces challenges in advancing beyond limited pilot projects (McKinsey, 2023).
Infrastructure bottlenecks impede progress, characterized by an unreliable electricity supply and
restricted access to high-performance computing resources, notwithstanding the existence of the
Centre for High-Performance Computing (CHPC) in Cape Town.

Furthermore, participation in STEM fields is markedly disproportionate, with women constituting
less than 25% of graduates, and an even smaller percentage in Al and data science disciplines
(UNESCO, 2021). Without substantial investment in digital literacy and advanced technical
training, South Africa will be deficient in the requisite human capital to effectively leverage these
technologies.

Despite research achievements, South Africa encounters difficulties in transforming these
innovations into commercially viable products. The administration of Intellectual Property (IP) is
marked by bureaucratic obstacles and inadequate finance, as technology transfer offices (TTOs)
in universities encounter deficits in resources and experience (NIPMO, 2023). Early-stage
venture finance for deep-tech start-ups is constrained, as investors perceive them as higher risk
compared to consumer-oriented platforms. Consequently, many innovations remain restricted to
the laboratory or fail to attain wider adoption.

Collaboration among academia, industry, and government is constrained. Although initiatives
such as SARB’s Project Khokha exhibit robust public-sector leadership, comparable coordination
is lacking in sectors including healthcare, education, and agriculture. Innovation hubs and
incubators are present; however, they frequently function in isolation, lacking integration with
national strategies.

1.3.3 Significance of addressing the problem

The relationship between economic stagnation, policy fragmentation, and challenges in research
and development highlights a critical necessity for intervention. Without deliberate investment
and strategic partnerships, South Africa risks being sidelined in the realm of global technological
progress, thereby perpetuating inequality and dependence. By strategically applying Al,
blockchain, and quantum computing, South Africa has the potential to develop innovative
pathways for equitable growth.

e Artificial intelligence can improve agricultural efficiency, increase healthcare
accessibility, and enhance educational outcomes.
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e Blockchain enhances transparency in land reform, public procurement, and financial
inclusion.

e Quantum computing fosters the development of robust national capabilities in
cybersecurity, logistics, and scientific research.

To be competitive and fair to everyone, we need to fix these structural problems. The National
Integrated Emerging Technologies Framework (IETF) provides a method to combine disparate
rules, boost research and development funds, and incorporate innovation into South Africa's
socioeconomic objectives.

1.4 Research objectives

1. To analyze the potential contributions of Al, Blockchain, and Quantum Computing to
GDP growth, innovation, and socio-economic resilience.

2. To identify the policy, institutional, and regulatory gaps that hinder technology adoption
within the frameworks of the NDP 2030 and 4IR strategies.

3. To establish an Integrated Emerging Technologies Framework (IETF) that aligns
emerging technologies with the Sustainable Development Goals (SDGs), promoting
inclusive and sustainable development in South Africa.

The convergence of digital transformation and sustainability will enable South Africa to comply
with climate obligations under the Climate Change Act (2024) and SDG 13 (Climate Action).
The research focus would encompass not only technology adoption but also the examination of
institutional, regulatory, and infrastructural facilitators. For example, although the SARB’s
Project Khokha illustrates Blockchain’s promise for interbank settlements, legislative
uncertainties continue to impede its scalability to retail banking and microfinance (SARB, 2022).
The Wits—IBM collaboration places South Africa at the vanguard of quantum research in Africa;
nevertheless, future preparedness relies on the enhancement of STEM capabilities and financial
support (Wits, 2021). This study will propose the Integrated Emerging Technologies Framework
(IETF), intended as a policy and practice instrument to consolidate disparate programs, enhance
innovation clusters, and include inclusiveness into South Africa's digital transformation process.

1.4.1 Research approach

The research will utilize a mixed-methods desk-based approach that combines quantitative
modelling with qualitative thematic analysis. Quantitative data will encompass GDP growth
projections, technology adoption rates, and trends in R&D expenditure, derived from reports by
the World Bank, OECD, and McKinsey. Qualitative data will encompass content analysis of
government policies, industry white papers, and scholarly research pertaining to Al, Blockchain,
and Quantum Computing.

The methodology consists of three phases:

1. Document review — a systematic evaluation of over 40 academic, policy, and industry
sources from 2020 to 2025.
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2. Comparative analysis involving the cross-referencing of global benchmarks with South
African case studies, such as CSIR Al applications, SARB blockchain pilots, and Wits—
IBM quantum projects.

3. Thematic coding involves the identification of recurring challenges, such as digital
inequality, regulatory ambiguity, and skills shortages, as well as opportunities for
integration.

Triangulation will enhance validity through the comparison of statistical trends and policy
narratives. This method offers a thorough analysis of how South Africa can utilize frontier
technologies to achieve sustainable growth.

1.5 Methodology

This study will utilize a mixed-methods desk-based approach to analyze the potential impacts of
Artificial Intelligence (AI), Blockchain, and Quantum Computing on South Africa's
developmental trajectory. This methodology is warranted due to the nascent technology being
examined and the absence of longitudinal primary data within the South African setting. Desk-
based studies are acknowledged for their capacity to integrate concepts from diverse sources,
facilitating triangulation among distinct data types and viewpoints (Creswell & Poth, 2016).

1.5.1 Data sources

This study will employ secondary data sources, including academic journal articles, government
policies, industry reports, and global development datasets. Documents such as the National
Development Plan (NDP) 2030 and the White Paper on Science, Technology, and Innovation
establish the institutional context (National Planning Commission, 2012; Department of Science
and Innovation, 2022). Insights from industry reports by McKinsey (2023), OECD (2023), and
the World Bank (2024) will inform the analysis, which will be supported by theoretical
frameworks including the Technology—Organization Environment (TOE) and Diffusion of
Innovation (DOI).

1.5.2 Data collection

A systematic literature review will be performed utilizing academic databases such as Google
Scholar, Scopus, and ResearchGate. This review will examine studies published from 2020 to
2025 to ensure their recency. Grey literature, such as government white papers, conference
proceedings, and think-tank reports, will complement peer-reviewed research, thereby providing
a balance between theoretical and policy-oriented viewpoints. Case studies from the Council for
Scientific and Industrial Research (CSIR), South African Reserve Bank (SARB), and Wits—IBM
Quantum Partnership will provide practical foundations for analysis (CSIR, 2023; SARB, 2022;
Wits, 2021).

1.5.3 Data analysis

Quantitative analysis will entail examining projections of Al's contributions to GDP, rates of
blockchain adoption, and indices of quantum readiness, employing comparative modelling across

Global Journal of Business and Integral Security



various regions and sectors. This will involve qualitative thematic coding of policy and industry
documents to identify recurring issues, including regulatory gaps, skills shortages, and
infrastructural constraints (UNESCO, 2021). A conceptual framework analysis will be used to
combine these methods. The IETF model is an organizational framework that links real world
data with theoretical ideas. It shows how Al, Blockchain, and Quantum Computing interact and
how they affect social and economic outcomes like GDP growth, job creation, and government
transparency.

1.5.4 Limitations

The methodology exhibits specific limitations. Utilizing secondary data may limit the capacity to
identify real-time implementation challenges. Secondly, projections based on industry reports
often depend on assumptions that may not fully align with the specific context of South Africa.
The absence of primary data collection, such as interviews with entrepreneurs or policymakers,
limits the incorporation of grassroots perspectives. The integration of diverse sources and the
application of a robust conceptual framework will mitigate these limitations and improve validity.

1.6 Expected findings and practical implications

This study predicts that the integration of Al, Blockchain, and Quantum Computing, as outlined
by the Integrated Emerging Technologies Framework (IETF), will result in significant
transformations in South Africa's economy and society. The results will enhance theoretical
understanding and provide specific directions for policymakers, industry, and civil society.

1.6.1 Anticipated findings

Artificial Intelligence (AI) refers to the simulation of human cognitive processes by machines,
particularly computer systems. Projected Al adoption is expected to enhance agricultural
productivity through precision farming, increase healthcare accessibility via diagnostic
algorithms, and improve educational outcomes with adaptive learning platforms (Gillwald et al.,
2022; CSIR, 2023). The results will directly support Sustainable Development Goal 2 (Zero
Hunger), Sustainable Development Goal 3 (Good Health), and Sustainable Development Goal 4
(Quality Education).

Blockchain technology. Blockchain is expected to enhance financial inclusion by facilitating
digital identities and verifiable transaction histories for small and medium-sized enterprises
(SMEs). The initiative is anticipated to enhance governance through the establishment of
transparent and tamper-proof registries for land and procurement (Tapscott & Tapscott, 2020).
This initiative seeks to address the ongoing governance challenges in South Africa, aligning with
Sustainable Development Goal 5 (Gender Equality) and Sustainable Development Goal 16
(Peace, Justice, and Strong Institutions).

Quantum computing. Quantum technologies are expected to contribute significantly to the
resolution of complex optimisation problems, the advancement of pharmaceutical research, and
the enhancement of cybersecurity (Preskill, 2018; Wits, 2021). Initial investments will establish
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South Africa as a regional centre for quantum readiness, fostering competitive advantages in
global digital networks.

1.6.2 Practical implications

1. Policy Reform. The findings will highlight the need for integrated national policies that
align NDP 2030 and 4IR strategies. A unified roadmap will minimize fragmentation and
ensure coordinated funding and regulatory support (Department of Science and
Innovation, 2022).

2. Skills Development. Evidence will underscore the urgency of expanding STEM
education, with a particular emphasis on women and rural populations. Targeted
scholarships, training programs, and partnerships with institutions are highly crucial for
closing the skills gap (UNESCO, 2021).

3. Commercialization of Research. The study will reveal the importance of strengthening
technology transfer offices (TTOs) and incentivizing venture capital investment in deep-
tech start-ups. These reforms will ensure that research outputs transition into scalable
market solutions (NIPMO, 2023).

4. Governance and Inclusion. Blockchain technologies are a good way to cut down on
corruption in land reform and procurement. Al-powered educational and healthcare
platforms also help underprivileged communities. The results will push for progress that
includes everyone and make society fairer.

5. Regional Competitiveness. The convergence of Al, Blockchain, and Quantum Computing
is set to establish South Africa as a frontrunner in Africa's digital transformation, shaping
regional standards and improving engagement in global value chains (World Economic
Forum, 2025).

In general, the projected results show that South Africa will be able to turn systemic problems
into strategic benefits. The government can speed up economic growth, cut down on inequality,
and reach sustainable development goals by using new technologies through the IETF.

1.7 Gap and future research

An increasing number of individuals are expressing interest in Al, blockchain, and quantum
computing; however, the digital innovation ecosystem in South Africa continues to be
underdeveloped. There is a lack of empirical evidence concerning the integration of these
technologies in Africa. Current research primarily comes from Europe, North America, and Asia,
each defined by unique systems and institutions (McKinsey, 2023; OECD, 2023). Insufficient
research addressing South Africa's unique social and economic challenges, including persistent
inequality and rural underdevelopment, hinders the development of effective policies and
programs.

There are a number of pilot programs going on right now, such as SARB's Project Khokha and
CSIR's Al applications. There is a lack of extensive long-term research about their scalability,
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sustainability, and overall effects on the economy and society (SARB, 2022; CSIR, 2023). Not
enough evaluation of these initiatives could lead to their outcomes not being used properly.

The gender aspect remains inadequately explored. Women are increasingly participating in
entrepreneurship; however, they continue to be under-represented in STEM education and digital
adoption (UNESCO, 2021). Future research must examine gender-specific barriers to adoption,
ensuring that new methodologies adhere to principles of inclusivity.

Future research must prioritise longitudinal fieldwork involving SMEs and rural communities to
document the experiences of firms and individuals in the adoption of new technology.
Comparative analyses of African nations, including the examination of South Africa's blockchain
initiatives in relation to Nigeria's fintech ecosystem, could uncover regional synergies and
opportunities (Ndung’u, 2022). Research must extend beyond technology, politics, and social
sciences to facilitate the operation of the Integrated Emerging Technologies Framework (IETF)
and assess its performance over time.

2. Conclusion

South Africa is at a critical juncture where the intersection of the digital revolution and the green
economy will shape its developmental path. The integration of Al, Blockchain, and Quantum
Computing presents significant potential to tackle ongoing issues of economic stagnation,
unemployment, and inequality. Successful adoption necessitates not only technological readiness
but also coordinated policies, organizational capacity, and conducive environmental conditions.

The proposed Integrated Emerging Technologies Framework (IETF) illustrates how a cohesive
strategy can integrate disparate initiatives, address skills deficiencies, and enhance governance.
Artificial intelligence is poised to enhance agricultural productivity, improve healthcare
accessibility, and elevate educational outcomes. Blockchain technology is anticipated to improve
trust in governance and financial systems, while Quantum Computing could position South
Africa as a leader in advanced research and cybersecurity within the continent. These
technologies have the potential to stimulate GDP growth, create employment opportunities, and
improve regional competitiveness.

However, the conclusion highlights that the benefits of digital transformation will not materialize
spontaneously. In the absence of intentional policies aimed at promoting inclusivity, South Africa
is likely to exacerbate existing societal divisions. Investment in STEM education, improvement of
technology transfer systems, and encouragement of regional partnerships can convert challenges
into opportunities for sustainable and equitable growth.

In conclusion, South Africa's trajectory towards technological leadership will rely on its capacity
to strategically leverage Al, Blockchain, and Quantum Computing within a cohesive framework.
In doing so, the country will achieve the objectives of the NDP 2030 and the SDGs while
redefining its position in the global innovation landscape.
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