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The South African system of innovation in the post-apartheid dispensation remains in the
apartheid trajectory — small and exclusive. Lock-in and path dependency are common in
innovation and economic systems and, as a result, they reproduce the past. The development
of new industries remains a challenge; manufacturing's contribution to gross domestic
product (GDP) has declined significantly over the years. South Africa adopted the concept of
a national system of innovation (NSI) to distribute socio-economic benefits widely.
Opportunities for ruptures and discontinuities, which could have enabled disruption, have
come and are now gone. The emergence of the fourth industrial revolution (4IR) offers yet
another opportunity; however, it is likely to be missed unless there is development and
implementation of a suite of targeted policies for new industries. The common theme among
countries that successfully adopted the NSI concept is active and bold policies, with directed
investment towards selecting new industries for competitiveness. This study reviews the
policy of countries that succeeded in adopting the NSI concept since the 1980s to offer lessons
on how to position the South African economy towards new industries. The research develops
and proposes a framework for launching new industries. Implications for policy are also
presented.
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South Africa (SA) arrived in 1994 from a decade of declining gross domestic product (GDP),
driven largely by international economic sanctions on the then apartheid-led government (Du
Plessis and Smit 2007). Following the democratic transition in 1994, the economy was opened
to international trade, including the flow of capital, and a predictable macroeconomic
environment-initiated economic recovery. On average, the GDP growth rate was 3.1% from
1994 to 2004 (Du Plessis and Smit 2007). Using data for the period from 1980 to 2014, the
average GDP growth rate, including the World Bank forecast for 2014, was 2.8% (Sandrey
2013). Although comparable to that of Brazil, at 2.6% for the same period, South Africa’s GDP
growth rate was significantly lower when compared to that of China and India, at 10% and
6.1% respectively.

South Africa’s exports are also significantly lower when compared to those of China and India
(Sandrey 2013). Their exports are driven by a strong and competitive manufacturing base. As
a share of GDP, manufacturing’s contribution has declined significantly, by about 60% since
the 1980s (Department of Trade, Industry and Competition [DTIC] 2018; Marwala 2020).
Regarding manufacturing exports, South Africa’s high-tech sector contributes only 5.2%,
while it is over 30% in China and South Korea (National Advisory Council on Innovation (NACI)
2020). In global comparison, the unemployment rate in South Africa is abnormally high, while
manufacturing continues to poorly perform (Bhorat and Rooney 2017).

Without manufacturing intensity and a sophisticated economy, South Africa would find it
difficult to significantly reduce its high unemployment (Bhorat and Rooney 2017). Innovation
determines long-term economic development (Freeman 1995). South Africa adopted the
concept of a national system of innovation (NSI) as a policy instrument in 1996, with the
intention that it would guide and inform innovation policy for socioeconomic development
(Department of Arts, Culture, Science and Technology (DACST) 1996). This mandate of
transforming the South Africa economy using innovation has reached limited success
(Department of Science and Innovation (DSI) 2019).

Other countries, such as those in East Asia, have succeeded to a greater extent in utilising the
NSI concept in guiding the development of new industries and subsequently have achieved
higher economic growth. This study investigates countries in East Asia that have used the NSI
concept as a guide to develop new industries with the intention to extract key policy themes
for South Africa to consider for local adaptation. Considering that South Africa has not
succeeded in utilising the NSI concept as intended, the hope was that the East Asian countries
would offer learning and reflective insights on what has worked in other regions. The 2019
White Paper on Science, Technology and Innovation (STI) retains the NSI concept as impetus
for socioeconomic development (DSI 2019).

According to Bhorat and Rooney (2017), a highly competitive South-East Asia and a lack of
skills in South Africa resulted in the declining performance of the manufacturing sector in SA.
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The aim of this research is to develop an approach, using the NSI concept as guideline, to
position South Africa towards new and globally competitive industries. Previous studies
critiquing the NSI concept in South Africa have placed emphasis on research and development
(R&D) comparisons (Makhoba and Pouris 2016), R&D indicators such as patents (Pouris and
Pouris 2011; Sibanda and Straus 2020), STl indicators, including a focus on informal markets
as impetus in the economy (Manzini 2015; Kraemer-Mbula 2016; Kraemer-Mbula and
Sehlapelo 2016; Pouris 2020), and on the sectoral level, such as failure to commercialise and
scale water technologies (Habiyaremye 2020).

Manzini (2012) argues that failure to initiate and sustain quality networks among innovation
actors is the key impediment to widely driving innovation in South Africa. After all, the
foundation of the NSI concept lies in interactions and learning among innovation actors (Dosi
et al. 1988). This research is unique in that it offers an approach to position the department
of science and innovation (DSI) to better foster interactions across the NSI and widen them.
The 2019 STI White Paper (DSI 2019) attempts to do this; however, it does not succeed in
articulating national structural changes to enable the realisation. This research is aligned with
the findings of Mazzucato (2013) in relation to the role of government in leading and shaping
the direction of new markets. It differs from it and enhances it in that it offers the ‘how’
element for South Africa. Sibanda and Straus (2020) recommend that the South African
government should take a more active role in international technology transfer to accelerate
rebuilding the manufacturing base.

The organisation of the rest of the paper is as follows. Section 2 offers a background to the
South African NSI and some efforts to develop new industries. Section 3 briefly reviews the
NSI literature and contextualises it for the South African economy. Section 4 presents the
rationale for the case study and desktop research methodology, while Section 5 unpacks the
rationale for case selection and extracts policy themes from selected countries. In Section 6,
there is a reflection on policy themes from selected cases and a reflection on South Africa's
local dynamics for adaptation. Lastly, Section 7 provides concluding remarks and implications
for South Africa and developing countries in the global South.

South Africa's response to Covid-19 followed strict restrictions, resulting in the economy's
contraction by 7% in 2020 and an estimated expansion of 3.3% in the GDP in 2021 (United
Nations Department of Economic and Social Affairs [UNDESA] 2021). South Africa is a
developing and upper-middle-income country (United Nations 2014). Therefore, exports are
essential for growing the economy (Bulagi et al. 2015). However, exporting primary goods
does not allow for the kind of sophistication required for long-term development. Equally,
exporting assembled products, such as automobiles by South Africa, without localising a large
part of the value chain has limitations (Barnes et al. 2004).
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South Africa seems to have gained economic performance and price for local consumers from
this selective policy of assembling automobiles (Barnes et al. 2004). It has included local
sourcing of some components into the assembly, bolstering local manufacturing even for
exports. On the other hand, the importation of a German nuclear pebble bed reactor did not
yield the anticipated industrialisation outcome. In contrast, the commercialisation of the
previous nuclear weapon reactor to produce medical isotopes was successful (Adam 2020).
Interestingly, a similar selective policy did not work for the textile industry (Barnes et al.
2004). Although the square kilometre array (SKA) radio telescope project appears to be a
success so far in global terms (Adam 2020), its contribution to local inclusive development is
guestionable (Chinigo and Walker 2020).

Prototyping and market access are among the critical success factors for SKA and for the
production of medical isotopes (Adam 2020). Interestingly, the joule electric vehicle (EV) did
not benefit from successful prototyping, or by winning international awards — signal for a
market — for the best car (Swart 2015). These are some of the South African NSI projects that
showed mixed results in creating new industries. The development of the NSI concept took
place in the 1980s, in Japan, the United States of America (USA), and other newly
industrialised countries (NICs) in Europe (Dosi et al. 1988). As already indicated, the concept
focuses on interactions and learning as determinants of innovation and puts innovation at the
centre of long-term economic development.

South Africa adopted the NSI concept in 1996, through a White Paper on Science and
Technology (S&T) (DACST 1996). Nevertheless, manufacturing's contribution to GDP has
declined by more than 60% since the 1980s (DTIC 2018; Marwala 2020). Based on the
referenced studies, the decline in manufacturing as a share of GDP comes as no surprise. The
NSI in South Africa has struggled to cross the innovation chasm (Swart 2015), a trend similar
to that observed for water technologies (Habiyaremye 2020). Compared to other middle-
income countries, the predominantly services-based South African economy is an anomaly
(Sibanda and Straus 2020).

The services-based economy is biased towards employing graduates with a high level of
education. However, as the Covid-19 pandemic has shown, a robust local manufacturing
industry is essential. Positioning the NSI in South Africa for new and globally competitive
industries is imperative. As the reality suggests, departmental policy efforts so far have not
yielded significant results. The subsequent section critically reviews the literature on the NSI.

South Africa was among the first countries that did not belong to the Organisation for
Economic Co-operation and Development (OECD) to introduce the NSI concept into its policy
lexicon. Of importance to the concept are dynamic interactions and differentiated learning
among innovation actors (Dosi et al. 1988). The premise is that innovation is the driver of
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long-term competitiveness, even in a globalised society (Freeman 1995; Lundvall 2010; Moses
et al. 2012).

Prior to the adoption of the NSI concept, economic performance was largely viewed as driven
by external factors —those beyond the control of the country (Nelson 1993). A closer study of
the emergence of Japan revealed that economic growth was largely endogenous. This
realisation was important, as it implied that countries had a strong hand to play in their
destiny. The studies conducted on the founding of the NSI concept were predominantly
historical (Dosi et al. 1988; Nelson 1993; Freeman 1995), in that they were conducted after
the fact and only a few had been conducted at the time of the adoption of the NSI concept by
South Africa.

Studies from the global South found useful elements in organising the economy, while
warning about the direct importation of the NSI concept (Da Motta 1999; Arocena and Sutz
2000). The NSI concept was adopted rapidly across the globe, even though it lacked clarity in
terms of its definition, theoretical grounding and measurements (Niosi et al. 1993). Over two
decades later, some of these concerns have not been addressed adequately (Acs et al. 2017).
When functional and effective, the NSI concept is positioned for a robust response to
economic shocks, as observed in Europe (Filippetti and Archibugi 2011).

A highly specialised high-tech sector and financial system, and a workforce at the forefront of
technological know-how, appear to hold such an NSI together. The reality of the global South
is that it largely lacks these ingredients, but they could be developed sufficiently over time. It
appears that a functional and effective NSI concept contributes significantly to countries
succeeding in industrialisation (Nelson 1993; Freeman 1995). China’s rise to dominance
through tech giants leveraging artificial intelligence (Al) for scaled digitalisation hinders the
progress of small and medium sized NSIs (Lundvall and Rikap 2022).

The private sector, as observed in the USA and China, plays a critical role of introducing
innovations to the market. While 65.4% of South African companies reported engagement in
innovation activities in the period from 2005 to 2007, more than half failed to introduce
innovation to the market (Moses et al. 2012). Compared to their European counterparts,
innovation investment is lower among South African companies, which leverages
international partners to achieve the same level of innovation output (Rooks et al. 2005).

Relying on external actors for financing the early stages of innovation has implications for the
host country (Christensen 2010). Taking advantage of a window of opportunity and shaping
it is paramount, as in the case of China, with tech giants and a corporate system of innovation
(Lundvall and Rikap 2022). Some of the earlier NSI studies put emphasis on the R&D system
(Andersen 1992), while the important role of non-R&D activities in innovation was realised
later on (Moses et al. 2012). Investment in R&D is important for innovation, but not enough
unless coupled with investment in non-R&D activities to improve innovation performance
(Mazzucato 2013).
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It is over a quarter of a century since South Africa adopted the NSI concept, and there have
several iterations since then, as show in Figure 1 below.

1996 2002 2007 2010 2013
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White Paper

2000 2007 2008 2010 2019

Source: Mustapha et al. (2017)

The 2019 STI White Paper finds that the NSI remains small and exclusive and that its
contribution to economic performance is insignificant (DSI 2019). A draft STI decadal plan to
implement the White Paper has been put on the table for public comments. Strengthening
the NSI through mainstreaming STl across all spheres of government is a top priority.

This research looks at lessons from successful East Asian countries to contribute to shaping
the evolution of the NSI concept in South Africa. Emphasis is placed on new and globally
competitive industries. Considering the high maturity of certain industries and technologies
on the global stage, South Africa could leverage the highly dispersed nature of innovation at
this stage of the life cycle to start off by strengthening existing industries (Audretsch and
Feldman 1996). This could then position the country for new and competitive industries in
which the production of new knowledge is decisive in the early stages of the life cycle
(Tavassoli 2015).

The literature section is brief, as the case study in Section 5 is a literature review relevant to
each selected country included in the case study. The subsequent section outlines the
research methodology.

The focus of this research is the NSI concept and its application in enabling new industries. A
case study approach was employed for the research. The case study methodology allows for
data gathering from multiple sources, offering several perspectives on the topic of enquiry
(Tellis 1997). The research is both exploratory and collective in its enquiry. Arocena and Sutz
(2000) warn about direct importation of the NSI concept from other countries, as the findings
should only be a starting point and for testing to see what works. The study is collective in
that five countries compose the case study (more details in Section 5.1).
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Considering that each country is unique and that each NSI takes a unique path, a single
country study of the NSI would not offer sufficient insights for South Africa. Previous studies
on elements of the NSI drew comparisons with Ireland on introducing innovations to market
(Moses et al. 2012) and with Europe on innovation spending at the company level (Rooks et
al. 2005). In this research, emphasis is on the mechanisms that enabled each country to
succeed in utilising the NSI concept to stimulate and promote new industries.

The case (Johansson 2007) in this research is the NSI concept. Several NSls are studied to gain
deeper insights into how to succeed in launching and sustaining new industries. Case studies
entail a comprehensive exploration of what is yet to be sufficiently understood (Meyer 2001).
The reality of the NSI concept in the global South suggests little understanding of how to make
it work. Several studies have criticised its full use in the global South, as indicated in the
introductory section.

The desktop approach to the case is limited, as it looks only at publications. The reality is that
certain key insights into establishing and sustaining an NSI remain undocumented, or are not
in the public domain. At the same time, studying several countries attempts to moderate this
effect. In studying the different countries, the research searches for structural changes that
are fertile for positioning the DSI in South Africa to guide the NSI in a manner that stimulates
new and competitive industries.

In this research, new industries refer to those that are new in the South African context and
in which there currently is no market. The next section gives the rationale for the case
selection, unpacks each case and summarises key policy themes for consideration.

The last four decades have seen a shift in the global economy, away from the USA and Europe
to Asia. Japan became the second-largest economy in the 1980s, with China shifting Japan
into second place in 2010 (Barboza 2010). Like Japan, South Korea achieved remarkable
economic growth in the post-World War Il period (Campbell 2012). South Korea became the
12th largest economy and 4th largest in Asia in 1995. Taiwan experienced similar rapid
economic growth post-World War Il, with a structural change from agriculture to industry (Yu-
Kang and Schive 1995).

Like the other four countries, Singapore's economy took off in the 1960s, and it now
specialises in high-value manufacturing and financial services (Siddiqui 2010). Between 1965
and 2002, Singapore's GDP expanded by a factor of 24. These Asian economies have achieved
a significant level of catching up, which African countries —including Ghana and Nigeria, which
achieved independence by the 1960s — have not been able to reach. The five selected Asian
countries have structurally transformed their economies. Although they executed their
strategies differently and under different conditions, South Africa could take policy lessons to
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create new industries, significantly transform the economy and transition to a high-income
country.

The study is primarily interested in what has worked in Asia, rather than what has not worked.
Although there is value in learning from failure, the emphasis here is on best practices when
it comes to utilising the NSI concept to create new industries. Even though globalisation has
dominated economics analysis, history shows that the NSI concept is the sharper lens to look
through to shape an economy (Freeman 1995). Ultimately, and regardless of external forces,
endogenous innovation shapes long-term development. At the heart of this innovation is
understanding new technologies and applications to foster new industries (Freeman 1995).

In the process, new and relevant competencies are developed (Johnson et al. 2004). Regional
dynamics and timing play a role, although these fall beyond the scope of this paper; the paper
focuses on the internal change that a country must initiate to launch and shape a successful
NSI for new industries (Dosi et al. 1988). As observed in South Korea, Taiwan and Singapore,
small and late industrialising countries have used the NSI concept differently for a quick catch-
up (Wong 1999).

The sequence in which the countries are discussed is as follows: Japan, South Korea, Taiwan,
Singapore and China. The rationale was to start with the country that was among the first
studied in relation to the NSI concept, and to finish with China, the leading economy of the
time among those selected for the study.

Among the critical success factors for Japan was its ability to import, improve, develop and
diffuse technologies to several of its products and services rapidly and intelligently (Freeman
1995). Globalisation makes certain technologies and know-how available for the global
village; however, it does not automatically move from one country or region to the next. It is
not a free good, and countries must invest in bringing these technologies within their borders
and diffusing them accordingly (Johnson et al. 2004). To do so successfully requires a complex
set of interactions among a diverse group of innovation actors.

The role of government policies — innovation, industrial, or a combination — is imperative in
encouraging knowledge-intensive companies to relocate and help create local companies.
The ministry of international trade and industry (MITI) was the leading arm of the Japanese
government in this regard (Freeman 1995). There is no single factor that helps explain the
success story of Japan; it is a combination of factors. Sequentially, though, the relevant skills
were an essential base from which to launch development. MITI led student exchange
programmes to key strategic research and technology areas (Johnson 1982).

Large companies have the resources to invest in internal R&D; however, this has implications
for less-resourced small companies and the creation of new markets (Motohashi 2005). Japan
reduced its NSI dependence on large companies’ R&D and fostered university and industry
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collaboration with small companies (Motohashi 2005). In parallel, the country created
knowledge-intensive companies for new industries and skills development in frontier
knowledge. Before policy reform of university and industry collaborations, knowledge
transfer occurred via technical consultation and personal ties (Fukugawa 2017).

The policy allowed for a systemic approach and a level of prediction on the outcome side. An
NSI concept is not about homogeneity among actors; the diversity of actors matters and
makes the system more dynamic (Motohashi 2005). Both large and small firms have a role to
play in an economy. Government policies must recognise this reality and they must be shaped
accordingly. Policies foster integration across the three anchor poles of the NSI: science,
technology and market (Kumaresan and Miyazaki 1999). When there is integration among the
three poles, the NSl is a more robust network, as observed with the robotics industry in Japan
(Kumaresan and Miyazaki 1999).

Eventually, the realisation of the value of innovation occurs when there is market adoption —
the hallmark of a system that has bridged the innovation chasm. Because the innovation
process is complex and dynamic, continuous monitoring is imperative to better understand
how to achieve a high-performing NSI.

The rise of South Korea in terms of industrialisation matches that of Japan. The country
emphasised intensive investment in the education system, company-level R&D, infrastructure
for modern communication technologies and embedding new technologies in various sectors
of the economy and society (Freeman 1995). When comparing South Korea to the
Netherlands' triple helix indicators — university, industry and government nexus — South
Korea's investment yielded positive results. The NSIs’ outputs in research and technology
were superior and dominated by knowledge-intensive companies (Park et al., 2005). The
differentiator and success factor for South Korea, in comparison to the Netherlands, was
developing knowledge-intensive companies.

Resources are limited; each country must make strategic choices. It is not about immediately
jumping to an emerging area without understanding how to take advantage of the
opportunity. Through government interventions, South Korea succeeded in decentralising its
NSI away from the capital city and creating other R&D hubs (Shapiro et al., 2010). The
government interventions incentivised research collaboration across the entire NSI, enabling
an integrated network.

Comparing South Korea and Brazil, the former pursued active learning (Viotti 2002). South
Korea does not wait for things to happen; it actively develops and shapes its NSI to achieve
strategic objectives. Proponents of globalisation suggest that a country has little to no control
over its destiny in globalised society (Freeman, 1995). This thinking is limiting as the
comparisons between South Korea and the Netherlands and Brazil bear testimony to the role
and relevance of a national lens in a globalised society. The notion of active learning implies
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continuous learning, regardless of system performance. South Korea coupled intensive
investment in R&D with trade and industrial policies for companies to raise R&D outputs to
market (Viotti 2002).

Trade and industrial policies strengthen university, industry and government interactions. The
government not only funds public research at universities, but also takes an active role in
enabling diffusion to industries. The Asian crisis of 1997 shook South Korea's strong NSI;
however, it reconfigured itself for long-term competitiveness (Kim 2001), which provides a
demonstration of the importance of government playing an active role given a constantly
changing global world.

The Taiwan NSI shows that different times of the system life cycle require different
approaches (Lee and Von Tunzelmann 2005). In the case of Taiwan, it further illuminates that
a strong NSl can respond to external shock. The integrated circuit industry shows that Taiwan
S&T policies support local industry and global ambition (Lee and Von Tunzelmann 2005),
including borrowing technologies from the global market. It is not about doing what has
worked in the past, but also what each moment requires.

In 2002, Taiwan was among the global leaders in the machine tool industry, at number five
and six on exports and output respectively (Yeh and Chang 2003). Using the machine tool
industry as a lens for the NSI, its effectiveness in the diffusion of new technologies within the
industry was rooted in a handful of factors —an education system aligned with and responsive
to industry clusters, government policy synchronising and connecting related institutions, and
positioning for global markets (Yeh and Chang 2003). Figure 1 shows these essential
ingredients within the Taiwan NSI.

Global business environment
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Source: Yeh and Chang (2003)

A key feature in Figure 2 is that the Taiwan NSl is endogenous and highly networked. Although
export intensive, R&D intensity was low, resulting in production largely in the simple and low
end of product hierarchy (Yeh and Chang 2003). In this scenario, cost became the primary
variable for competitiveness. The industry also relied heavily on imports of complex
components for production, equally raising operations costs. The information technology (IT)
industry attracted foreign R&D to respond to the low intensity (Chen 2007). Under the
leadership and guidance of the Taiwan government, some multinational companies (MNCs)
moved their R&D to connect suppliers that the Taiwan NSI helped develop.

A functional and forward-looking interface between government, research and industry is
essential for the NSI. At the same time, incubation in Taiwan evolved to effectively coordinate
policy and help embed research outputs in new, high-growth businesses (Tsai et al. 2009).
The incubation process created a market pull for research outputs and shaped suitable
government policies, emerging as the glue for the top-down and bottom-up approaches. In
the process, dynamic capabilities were developed among innovation actors within the NSI. As
the NSI matures, the dynamic capabilities are positioned to launch new trajectories (Wong
1999).

Evidence from Taiwan is that there are different approaches to developing and shaping an
NSI to cater for different industries' needs and being cognizant of global dynamics.

The biotechnology sector in Singapore shows that it is not enough to allocate resources and
establish functional institutions; market demand is equally important (Chaturvedi 2005). To
meet the expert skill requirements of the biotechnology sector, Singapore went further to
incentivise global universities to establish local branches. These universities are largely in the
same locations as the sectors; where there is market pull, this arrangement has bolstered the
creation of new industries (Chaturvedi 2005). As industries mature and exploit existing
knowledge, there is stagnation in knowledge and skills. At the beginning of the new
millennium, Singapore faced this challenge, requiring educational reforms to remain globally
competitive (Luke et al. 2005).

The education and research arm of the NSI must balance the industry needs of today and
those of tomorrow. The evolution of the Singaporean NSI invited MNCs to expand their
operations and opened a window of opportunity for knowledge and skills transfer (Wong and
Singh 2008). Singapore developed its technological capabilities along the "technology adopter
to innovator" trajectory. Coupled with infrastructure development, Singapore rapidly
developed its human resources for accelerated technological absorption and exploitation
(Wong and Singh 2008).
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Singapore's innovation policy broadly integrates industry, trade and competition (Wong and
Singh 2008). The government continues to play a leading and shaping role in the country, not
only in setting up targets, but providing support even at the sectoral level. In the building
sector, which consumes 50% of national energy, the government is shaping the introduction
of green technologies (Siva et al., 2017). The leading role played by the government is not
without resistance, especially when dealing with incumbents in the sustainability space.
Singapore's sectoral approach enables an understanding of fundamentals, further developing
suitable support instruments and mechanisms for each sector.

Construction companies play an essential role in putting new industries on the ground.
Although their target goal of maximising profits determines the kind of innovation they
engage in, it also locks their innovation strategies (Na 2007). To ensure that current
knowledge is employed when installing new industries, the government shapes and directs
the entire research cycle — basic, industrial and strategic applications (Na 2007). The
government contributes significantly to the capacity to innovate (Wang 2018), and positions
its policy landscape to nurture big business. As shown with the sustainability roadmap for the
building sector, the government's credibility allows it to shape a new direction at the sectoral
level when needed. Singapore has the ability to reposition its NSI for sustainable development
(Kilkis 2016).

In developing learners to meet future skills requirements, the government centrally plans and
executes pilots for innovation and enterprise within the education system (Ng and Tan 2006).
Despite its challenges during implementation, it strives for a flexible education system to
support the country’s direction. The challenges include balancing the system with the
traditional examination requirements, which is necessary to ensure alignment from basic
research to innovation for an effective NSI (Kilkis 2016).

China recognised the use of the NSI concept in the 1990s, with a triple helix lens (Leydesdorff
and Guoping 2001). It soon became apparent that it was not sufficient to deploy technologies
and launch industries widely. The government developed and implemented clear incentives
for science parks, incubators and special economic zones for high-tech development
(Leydesdorff and Guoping 2001). These interventions guided the flow of knowledge and
enabled associated upgrading to suitable technologies. As the NSI evolved, the government
placed great emphasis on removing barriers to developing new markets. When deemed
necessary for developing new markets, it introduced new laws within the shortest time
possible. In China, the government coordinates the knowledge flow from university to market
actors.

Science and technology policies in China reinforce the motive force of the research actors of
the NSI by developing innovativeness among market actors and a strong link among research
and market actors (Xiwei and Xiangdong 2007). Giving each government department the
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autonomy to develop the relevant market has resulted in mismatched and poor coordination.
Furthermore, a great emphasis on developing new markets has resulted in the unintended
consequence of neglecting the basic research space (Xiwei and Xiangdong 2007). This will
mabke it challenging to create new industries in the future, as they would lack entirely new
knowledge.

China’s approach further deepened the uneven development of the NSI (Fan 2014). Balancing
the national needs of today and those of tomorrow is a difficult task. China's strategy for
selected industries was in-house R&D during the early development of the NSI, and global
integration at the mature stage (Fan 2014). Depending on the global balance of forces at the
time, the strategic approach offers certain advantages. Once the NSl is globally competitive,
it is much easier to negotiate favourably. China’s large population allows for this strategic
approach and, because it is large, unevenness is likely to reside in the NSI.

The unevenness predominantly affects rural sectors, although China recognised and has
bolstered R&D expenditure in these sectors (Wu et al. 2017). The data from 1998 to 2009
shows high levels of labour mobility, which has supported rural-based entrepreneurship.
Implementing changes in technology policies and NSI structural modification have effectively
supported the rural sectors (Wu et al. 2017). For one, rural areas typically do not have
universities and industries. Understanding local economic activities therefore becomes vital,
along with positioning for low-technology solutions to kickstart development.

Looking at the IT sector in China, there has been wide and fast deployment of new
technologies (Hung 2009). Institutions and their dynamic interactions are at the heart of an
efficient Chinese NSI. It is this dynamism that enables institutions to respond towards agreed
national objectives. Clarity on and alignment with national objectives give direction to sector
prioritisation. The development of national objectives accounts for regional and global
opportunities, thereby understanding the advantages a nation brings to the global society
(Sun and Liu 2010). The Chinese NSI transformed its funding from government to industry
through the government, thereby enabling the triple helix to be industry led (Sun and Liu
2010).

However, the industry does not do as it pleases; it operates to help achieve national
objectives. Achieving this level of credibility and legitimacy on the part of the government
appears to be imperative. At the same time, it does not guarantee the full development of
society. While experiencing tremendous progress in certain industries, overall development
is uneven in China (Fuller 2009). When a nation selects certain industries, other industries are
likely to suffer. Opening the economy for other actors to develop technologies and industries
is imperative. This balancing act is hard. The government should consider including industries
outside of national priorities in other forms, as they could be critical in the future.

Consequently, there is less innovation and learning among companies working closely with
the government (Fuller 2009). Although the technological trajectory has been uneven,
technology has been the cornerstone of developing the Chinese economy (Fan 2014), as
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currently observed with Al (Lundvall and Rikap 2022). China has been able to position its NSI
for economic development and has been effective in transforming investment in R&D and
human resources into exports in high-tech, services and certified patents. Furthermore, the
NSI has incentivised for the seamless flow of science between research and industry and
coupled it with a balance between technology imports and local efforts in R&D (Fan 2014).
Chinese institutions have played an essential role in this balancing act.

Some themes have emerged from the five selected East Asian countries. To enable the
successful launching of new industries, a sectoral focus within the NSI is essential. Sectors are
unique because of the varied drivers, players and requirements applicable to each. Therefore,
generic government policies are simply insufficient. For example, Taiwan focused on
integrated circuit and machine tools for export. Following the establishment of an export
market, Taiwan leveraged external actors to meet export demand. At the same time,
incubation was the cornerstone for launching new sectors through high-growth businesses.
Singapore’s sectoral approach supports the thriving of big businesses, as they already have
market demand.

In Japan, smaller companies were capacitated to be the carriers of new technologies and to
create new sectors. The drive for Japan was ensuring a diversity of actors within the NSI. South
Korea placed emphasis on the wide deployment of new technologies across several sectors.
This approach was driven by the national desire to decentralise the NSI and achieve even
development. China struggles with uneven development, although new investments have
been made for rural areas to catch up. In all the countries, and at the sectoral level, there is a
strong link between research and market, which the government coordinates.

R&D approaches are mixed. Japan centralised R&D and took control of the knowledge flow
from research to market using smaller companies. For new industries, MITI made use of
technology imports to complement internal R&D activities. Taiwan imported both
technologies and R&D to meet export demand. South Korea focused on local company-level
R&D to drive knowledge-intensive industries. The drive was to be at the forefront of modern
technologies. Singapore imported its knowledge base and drove its transfer to localise
capabilities. China started off with internal R&D and made use of incubation, science parks
and special economic zones as knowledge carriers to drive industrialisation.

Among the five countries, there is alighment on manufacturing in that it all happened within
the country. Japan, Taiwan, Singapore and China incentivised MNCs to establish branches
within the countries, while South Korea focused largely on developing local brands. In Japan,
MNCs helped accelerate the development of local knowledge-intensive companies through
technology transfer. In China, efforts were led by a group of companies working closely with
the government. Education is the foundation of the knowledge economy. South Korea
invested heavily in education under the theme of “active learning”. China prioritised internal
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knowledge production, while Taiwan and Singapore retained a flexible education system,
supported by external actors to meet market dynamics and demand. In Japan, MITI was
responsible for driving education to support new industries, including sending students to top
international universities.

Looking at the population in the selected countries and their global ranking: China is number
1, with 1.4 billion people; Japan is at number 11, with 126 million people; South Korea is at
number 28, with 51.3 million, while Taiwan is at number 56 with 23.9 million, and Singapore
is at number 114, with 5.9 million people (World Population Review 2021). Using the same
dataset, South Africa is number 24, with 60 million. Only China appears to have benefited
from a large local market and could afford to delay opening the NSI.

In view of the themes emerging from the case study, the subsequent section begins by
reflecting on South Africa’s policy context, followed by policy proposals to position for new
industries.

South Africa has a sectoral focus, driven by the Department of Trade, Industry and
Competition ([DTIC] 2021). The DTIC leads sectoral industrial masterplans and special
economic zones. The work of the DTIC is largely linked to incumbents and existing industries.
Since 2008, the DTIC has made use of the Industrial Policy Action Plan (IPAP) (DTIC 2018). The
2018/2019 to 2020/2021 IPAP recognises that the NSI is maturing, along with the important
role played through the DSI’s agency, such as the Technology Innovation Agency (TIA) and the
Council for Scientific and Industrial Research (CSIR), in getting technologies ready for market
adoption.

The DSl is seen as the custodian of the NSI concept in South Africa. The 2019 STI White Paper
recognises the need to align with the IPAP to ensure the wide deployment of technologies
and the full functioning of the NSI (DSI 2019). On the DSI side, the focus is largely on
technology push, as can be observed in relation to hydrogen energy technology, fuel cell
technology, biotechnology and nanotechnology-related strategies (Motari et al. 2004; Mathe
2006).

Following the identification of the NSI’s deficiency areas back in 2002, the national R&D
strategy set out five technology missions, namely “biotechnology; information technology;
technology for advance manufacturing; technology for and from natural sectors; and
technology for poverty reduction” (Kaplan 2004: p. 279). Beside a focus on “technology for
advanced manufacturing”, confidence in the manufacturing sector by the business
community has been at 50% and below since 2011 (DTIC 2018). Furthermore, the
manufacturing sector has been heavily affected in terms of employment since the 2008
financial crisis and now employs 320 000 fewer people compared to 2008.
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Despite the challenges, the South African government must be applauded for conducting
several reviews of the NSI, followed by new acts and associated institutions, as shown in
Figure 3 below.

Figure 3: Policy and Institutional Trajectory of the NSI

TIA Rintew
‘2
SET) System OtD
Rllm Revew Mitstoal
98 07 Revtew: $N
Lrdcage 12
Intcvavon TA
Fund 97 ST National o Natwonal
0 Industrial Poley Devedopenent
NRF framewerk ‘07 NIPMO Plan (NDP)12
» L
NACI Emerging Decadal Plan
g sectoe-specific From a resource 10 2 2019
mature areas krowle dge- based economy

* Grand challerges
* Human copital develepment
Strategic ’ repi
1 2018

l Moo 08

. Natonal R&D
seTwhte |I»'|::1NK\'.‘\ / Ten Year Innovation
Paper P Plan [T1P)

1996 2002 2004 2008 2015 2018
Source: DTIC (2018)

The 2019 STI White Paper recognises the need for innovation policy in terms of a “whole-of-
government” approach (DTIC 2018: p. 96). As cautioned by Kaplan (2004), to do so would
require the DSI to overcome much more powerful departments, such as the DTIC.

As it stands, the DSI makes technologies ready for market and for the DTIC to embed them in
the market. The decision to embed lies with the DTIC. According to Christensen (2016), the
DTIC could be caught in the “innovator’s dilemma”, where it prioritises its current customers
— incumbents and existing industrial actors. It is much more likely to introduce technologies
aligned with their needs for competitiveness and growth. To succeed in launching a new
techno-economic paradigm, away from the old, requires “distancing” from the old (Freeman
and Perez 1988).

Using the conceptualisations of the innovator’s dilemma and techno-economic paradigm, the
DTIC might not be the suitable entity to drive new and radical industries. It appears that there
is a gap between the sectoral focus of the DTIC and the technology focus of the DSI. Another
NSI deficiency back in 2002 was the low R&D investment, at 0.7% of GDP, and the decline in
private sector investment in R&D (Kaplan 2004). The 2017/2018 data was at 0.83% of GDP,
and public sector funding was at 54% (NACI 2020). Although investment in R&D does not
automatically translate into innovation (Mazzucato 2013), innovation outcomes are bound to
be low as well when it is low. The drive towards competitiveness in a knowledge-based
economy would be hampered.

There has been lots of progress on the institutional level, as shown in Figure 3. It is
disappointing that investment in R&D has not followed a similar trend. The introduction of
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intellectual property rights (IPR) saw a rise in the registration of patents by South African
higher education institutions (Sibanda and Straus 2020). Surprisingly, 89% of patents in 2017
were granted to non-residents (NACI 2020). Although Sibanda and Straus (2020) argue for the
South African government to play an active role in international technology transfer, such an
effort is likely to face much resistance. There is no evidence to suggest that the registered
patents by non-residents are aligned with South Africa’s technology strategy.

In terms of education, some progress has been made since identifying a lack of capable human
resources as a deficiency of the NSI in 2002 (Kaplan 2004). In 2018, doctoral degrees in
engineering constituted only 7% of all doctoral qualifications in the country (NACI 2020). At a
time when mainstreaming STl is core for the running of the government, this is a concern, as
it makes it difficult to support international technology transfer and guide the launching of
new knowledge-intensive industries. In 2012, a target was set to move from 28 doctoral
graduates per million per year to 100 doctoral graduates per million per year by 2030 (Perold
et al. 2012); the country produced 1 051 doctoral graduates in 2018 (NACI 2020).

As already mentioned earlier in this section, South Africa's innovation policy is within the
ambit of the NSI and the DSI. The DSI aspires to and is moving towards a “whole-of-
government” approach (DTIC 2018; DSI 2019). As it stands, there is a weak link between the
NSI and IPAP. The 2019 STI White Paper recognises this reality and recommends developing
joint implementation plans to align with the IPAP (DSI 2019). How this would happen is
unclear, as cross-departmental policy coherence is a difficult task. In a fragmented
government reality, harmonisation is a challenge (Kaplan 2004).

It would be essential, while reflecting on the fourth industrial revolution (4IR) and its
technologies sweeping the global village, to take note of the current government fragmented
reality. South Africa established a Presidential Commission on the 4IR in 2019 to help position
the economy for global competitiveness. Revolutions — industrial or otherwise — create a new
order (Marivate et al. 2021). Could this be the opportunity for South Africa and the rest of the
global South to effect NSIs for new industries? The rise and dominance of China through Al
(Lundvall and Rikap 2022) opens a window of opportunity to leverage the maturing and
advancing technology.

As the case study in the previous section and policy reflections in this section point out, there
are missing and incomplete elements that appear to limit South Africa in successfully
launching new industries.

There is evidence that South Africa lost its manufacturing base, making it difficult to reduce
the high unemployment rate. The manufacturing sector is struggling to compete on the global
stage. To regain competitiveness requires, among others, investment in advanced and
intelligent technologies (Marwala 2020). Through incentives and other instruments, the DTIC
is positioned to offer a response in this regard. Alignment with the DSI on which advanced
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and intelligent technologies could help regain competitiveness is imperative. From the lens of
incumbent industries, these technologies would help with sustenance and growth to remain
competitive (Christensen et al. 2019).

Industries come and go and, as such, future competitiveness would rest on new and
competitive industries. For new industries, the innovator’s dilemma and techno-economic
paradigm offer an important guide. In this context, new industries would be launched by
disruptive technologies (Christensen 2016) and outside the current (old) techno-economic
paradigm (Freeman and Perez 1988). Because new industries are new to the current and
dominant industrial complex, they at first do not appear profitable and attractive to
incumbent industrial actors, and thus are not pursued (Christensen et al. 2019).

Accordingly, chances are high that attempts by the DTIC to launch disruptive technologies and
new industries to incumbents would face resistance. Herein lies the constraint and limitation
on the part of the DTIC when it comes to driving new industries. Mazzucato (2013) reveals
that incumbent industrial actors and venture capitalists (VC) take on sufficiently de-risked
technological opportunities. Historically, the author (Mazzucato) argues that the government
has been at the forefront of investing in disruptive technologies, creating and shaping new
markets. This has been observed in the USA, the United Kingdom (UK), and now China. This
case study agrees with Mazzucato (2013).

As already indicated, South Africa has STl — also referred as research, development, and
innovation (RDI) — and industrial policies; RDI in the DSI and industrial policy in the DTIC.
Christensen et al. (2019) categorise innovation as sustaining, efficiency and disruptive. Both
sustaining and efficiency innovations are led by incumbents to command higher prices and
reduce operating costs respectively. Disruptive innovations, on the other hand, create new
markets. Profits in new markets start off significantly lower, making them unattractive to
incumbents (Christensen 2016). In this context, sustaining and efficiency innovations are
attractive to incumbents, while disruptive innovations are not. This thinking is developed as
a proposal for industrialisation in Figure 4.
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A
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The proposed framework is aligned with MITl in Japan leading industrialisation efforts. A clear
direction from the case study is to import technology to kickstart industrialisation. The
proposed framework could be leveraged in alignment with Sibanda and Straus’s (2020)
recommendation on international technology transfer to bolster local manufacturing in South
Africa. Beyond the IPR Act, South Africa could do with an international technology transfer
strategy. There are elements of it in the 2019 STI White Paper and the decadal plan. The
strategy could be executed as part of a whole-of-government approach to ensure that
technological needs across government are catered for. Positioning the strategy to equally
address the skills gap is recommended, thus harmonising efforts toward creating new
industries.

Although the DSl is charged with the national responsibility to drive commercialisation and
innovation, its R8.9 billion budget (DSI 2021) is too small to direct and shape new industries
in a tangible sense. As emphasised by Mazzucato (2013), there is a requirement that the
government sufficiently de-risk technological opportunities in South Africa to consider
alternatives to raising the investment for R&D. To date, the DSI has operated in terms of
innovation policy and has not done so in relation to industrial policy. As such, it lacks certain
competencies to succeed, as indicated in the proposed framework.

Innovation policies are largely supply driven, thus entail a technology push, while industrial
policies are demand driven, thus involving a market pull (Qughton et al. 2002). In both cases,
innovation activities are promoted to meet the drive. When it comes to new industries, there
is no market, as it first needs to be created. Industrial policies were founded on low- to
medium-tech industries such as coal and steel in Europe, while the emergence of high-tech
industries demanded a focus on the broader system of innovation (Soete 2007). Industrial
policies are effective when there is clarity about the industries to focus on, which means the
industries must exist in the first place (Noland 2007).

Accordingly, there is greater uncertainty when it comes to launching new industries. As
reflected in the previous paragraph, industrial policies may not be adequate. Incubation was
utilised in the case study to navigate this uncertainty. South Africa has an incubation
programme through the Small Enterprise Development Agency ([SEDA] 2018), under the
Department of Small Business Development (DSBD). The focus appears to be less on
managing uncertainty when introducing high-tech to the market. The approach to incubation
needs to be revisited to support the DSI as per the proposed framework and as indicated in
the case study.

The proposed framework suggests including industrialisation in the current RDI scope of the
DSI, and this could translate to RDI2. Although industrial policy may not the best candidate
for new industries, it is the closest available tool. Essentially, on the part of the DSI, the
proposed framework integrates both innovation policy and industrial policy as a policy
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approach to launching new industries. Other elements, such as an international technology
transfer strategy for technology and R&D import, revisiting incubation as a knowledge and
technology carrier for high-tech industries and closing the skills gap, must be prioritised
equally.

The proposed framework has implications for the DSI and the DTIC. There are now two
handover stages — one for technologies to support sustenance and efficiency innovations for
existing industries, and the other for new industries, which later form part of existing
industries under the DTIC. The expanded scope of the DSI, as suggested by the proposed
framework, is in the same vein as the MITI of Japan. Because the DSl is shielded from
incumbent industrial actors by the DTIC, it is positioned as the innovation disruptor of the
South African economy towards new industries. The proposed framework provides ground
for the DSl to act in this manner.

The shift from RDI to RDI? by the DSI requires different capabilities. The DTIC appears to be at
the starting point for gaining these capabilities. Further research is needed to expand on how
the DSI could go about gaining the capabilities to succeed as per the proposed framework.
Lastly, the implications of integrating innovation policy and industrial also need to be studied
further.
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