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Abstract

:

Industry 4.0 (I4.0) adoption in the manufacturing industry is on the rise across the world, resulting in increased empirical research on barriers and drivers to I4.0 adoption in specific country contexts. However, no similar studies are available that focus on the South African manufacturing industry. Our small-scale interview-based qualitative descriptive study aimed at identifying factors that may inhibit sustainable adoption of I4.0 in the country’s manufacturing industry. The study probed the views and opinions of 16 managers and specialists in the industry, as well as others in supportive roles. Two themes emerged from the thematic analysis: factors that inhibit sustainable adoption of I4.0 and strategies that promote I4.0 adoption in the South African manufacturing industry. The interviews highlighted cultural construct, structural inequalities, noticeable youth unemployment, fragmented task environment, and deficiencies in the education system as key inhibitors. Key strategies identified to promote sustainable adoption of I4.0 include understanding context and applying relevant technologies, strengthening policy and regulatory space, overhauling the education system, and focusing on primary manufacturing. The study offers direction for broader investigations of the specific inhibitors to sustainable I4.0 adoption in the sub-Saharan African developing countries and the strategies for overcoming them.
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1. Introduction


Adoption of Industry 4.0 (I4.0) has been on the rise in developed countries’ manufacturing industries, with other developing countries, such as China and India, following suit. The term I4.0 was coined in Germany in 2011, and its principles were adopted to enhance the competitiveness and growth of the national manufacturing industry [1,2,3]. The subsequent wide-ranging adoption of this approach recognizes it as an enhancer of competitiveness and growth in the manufacturing industry [4,5].



Although acknowledged globally, the adoption of I4.0 in South Africa has not been analyzed in the literature. Its many benefits in the country could include enhancing global competitiveness and boosting productivity and revenue growth of the manufacturing industry [4,5]. The adoption of I4.0 therefore attracts significant interest from sectors related to and supporting the manufacturing industry, including the digital industry, public sector, research and development, and non-governmental organizations (NGOs). However, the adoption of I4.0 also has the potential of widening global inequality among and within countries, and could hinder the achievement of the United Nations 2015 sustainable development goals (SDGs) [6]. In particular, I4.0 could detrimentally affect the achievement of SDG 8 (the promotion of sustained, inclusive, and sustainable economic growth, full and productive employment, and decent work for all), SDG 9 (inclusive and sustainable industrialization), and SDG 10 (reduction of inequality within and among countries) [7] in developing countries [8].



Industry 4.0 is not a one-size-fits-all framework, and a geographic lens is necessary when exploring relevant barriers and driving factors [9,10]. An increasing number of studies have focused on the drivers and barriers to I4.0 adoption in various developed and developing countries [9,11,12,13], but none so far in South Africa. This is one of several developing countries moving towards convergence with developed country standards [14], and has the potential of becoming a leader for sustainable adoption of I4.0 in the manufacturing industry sector in sub-Saharan Africa. The country also played an active role in the development of the SDGs, and is committed to the efforts needed to meet these goals [15]. Thus, it could illuminate the benefits of I4.0 adoption and introduce strategies for identifying and mitigating its potential negative impacts on SDGs, thereby acting as a benchmark in the region. Understanding the contextualized barriers in the country, as well as the drivers of sustainable adoption of I4.0, could be the first step towards the achievement of both I4.0 and SDGs.



The South African manufacturing industry has been shrinking over the past two or more decades. Its share of the country’s gross domestic product decreased from 19.3% in 1994 to 12% in 2018 [15]. Notably, the industry employs both semi-skilled and low-skilled employees [16]. Adoption of the I4.0 initiative [17,18,19] could therefore pose significant challenges when balancing the manufacturing industry’s attempts both to catch up and keep pace with developed countries and to address the issue of unemployment in its fields of operation [20,21]. In seeking ways to strike this balance, it is important to explore contextual factors that currently inhibit sustainable adoption of I4.0.



South Africa also faces socioeconomic challenges, including non-inclusive economic growth and inequality [15,22,23]. To address them, the South African government launched the national development plan (NDP) in 2012, which aimed at fighting poverty, inequality, and unemployment and at growing an inclusive economy [15,24]. This NDP predated the SDGs, but has a high (74%) correlation to them [15,24]. Both the SDGs and South Africa’s NDP feature and emphasize an end to poverty, protection of the environment, and inclusive prosperity [7,15]. Achieving sustainability in the South African manufacturing industry through I4.0, therefore, requires that its adoption aligns with the objectives of the NDP and the SDGs. This challenge can be addressed most effectively if factors that inhibit sustainable adoption of I4.0 in the country are properly understood within the specific national context.



Barriers and drivers pointed out in existing studies [2,4,5,9,10,11,12,13,25,26], such as lack of ICT infrastructure, lack of standards, data security concerns, high investment requirements, skills shortages, lack of regulatory framework, and lack of implementation strategy, could apply to the South Africa manufacturing industry. However, factors unique to the country could inhibit sustainable adoption of I4.0. Public and private sector workshops, seminars, and conferences on I4.0 and the fourth industrial revolution are noticeably on the rise in the country [27]. However, there is a lack of empirical studies focusing on the South African manufacturing industry context [28,29,30,31]. To address this gap, we designed a small-scale interview-based exploratory qualitative study to identify factors that could inhibit sustainable adoption of I4.0 in the country’s manufacturing sectors. Interviews offered us the opportunity to gather the views of individuals whose work was relevant to I4.0 adoption in these sectors. Participants came from sectors that provide support and have an interest in manufacturing, such as the digital industry, the research and development sector, the public sector, and relevant NGOs. Those taking part provided perspectives from management as well as a content expert perspective. We aimed to obtain a sense of the direction that I4.0 adoption might take in South African manufacturing, and to explore nuances specific to this context that, to date, have not been identified in the academic literature. The study was guided by the research question: what are the factors that inhibit sustainable adoption of I4.0 in the South Africa manufacturing industry?



The remainder of this article is structured as follows: Section 2 presents a theoretical background to sustainable technology adoption in the manufacturing industry and a literature overview on worldwide barriers and drivers to I4.0 adoption; Section 3 presents the empirical setting together with data collection and data analysis; Section 4 presents the study results, which are discussed in Section 5 and lead to the study limitations and direction for future research; Section 6 concludes the study.




2. Theoretical Background and Literature Review


The countries that are signatories to the UN’s 2015 Sustainable Development 2030 agenda face the challenge of achieving its 17 goals [7,32]. According to Fu et al. [32], sustainable technology adoption could facilitate their meeting the SDGs, and has attracted interest from both society and academia [32]. However, studies relating to sustainable technology adoption have focused mainly on SDGs related to the environment and economics, and less on its social aspects.



Sustainable technology adoption following the I4.0 framework includes the adoption of technologies such as cyber-physical systems, the internet of things, additive manufacturing, and autonomous robotics [2,3,33]. Sony and Naik [34] pointed out that such adoption is regarded as sustainable if it balances the environmental, economic, and social needs of present and future generations [34], and Müller et al. [12] have stressed the need to balance the environmental, economic, and social aspects of sustainability when adopting I4.0 technologies. These principles also apply to technology adoption in the manufacturing industry [4,35,36,37].



Müller et al. [12] pointed out that the current literature predominantly investigated the impact of I4.0 from a single technological adoption sustainability aspect [12]. Adoption of I4.0 technologies in manufacturing has significantly focused on economic sustainability, competitiveness, and growth [1,2,3]. Other studies that focused on environmental sustainability are exemplified by de Sousa Jabbour et al. [38], who pointed out the need for balancing I4.0 adoption and environmental sustainability. Müller et al. [12] addressed the balancing of environmental and economic sustainability in Germany’s manufacturing industry. The developing country context of I4.0, however, has not so far been examined from the social sustainability standpoint.



Existing studies have already revealed the societal advantages of technology adoption in developing countries, such as, for example, in the application of big data and big data analytics to mitigate the effects of disease outbreaks [39] to foster informed decision-making in private and public spheres in this area, and to improve predictive capacity when planning for future requirements. Studies are still lacking, however, that investigate I4.0 adoption in manufacturing, taking into account the satisfaction of broader social, economic, and environmental issues that could otherwise undermine sustainability in developing countries. To address this gap, our study sought to gain an understanding of factors that could inhibit I4.0 adoption within the specific context of the South African manufacturing industry in terms of the balance between competitiveness in manufacturing, on the one hand, and societal aspects of such adoption in this developing country, on the other hand, in the light of pervasive inequality and unemployment.



2.1. Barriers and Drivers Relating to Industry 4.0 Adoption


Industry 4.0 was initially conceived with the object of increasing Germany’s global technological innovation competitiveness [13,40,41] and optimizing value creation in its manufacturing industry. The strategy is associated with the employment of advanced technologies in manufacturing, and the term is used to describe advances in the application of digitalization, automation, and creation of digital value chains [17,18,19].



There has been growth in empirical research on barriers and drivers to I4.0 in various country settings, including Romania [11], Hungary [9], Germany [2,12], India [10,13], China [41], and Denmark [25]. The studies presented here (Table 1) were selected for their detailed contributions to the understanding of factors influencing the adoption of I4.0.



The country-based studies in the literature present drivers and barriers to I4.0 adoption in developed and developing countries, but none examine drivers and barriers to such adoption in sub-Saharan African developing countries. This study seeks to close this gap by investigating factors that inhibit sustainable I4.0 adoption in the South African manufacturing industry.




2.2. Industry 4.0, South Africa’s National Development Plan, and the Sustainable Development Goals


The SDGs were crafted and adopted by the United Nations in 2015 [42] to drive development towards balancing the “dimensions of sustainable development: economy, social, and environment” globally [7]. This aligns with the objective of South Africa’s NDP “to eliminate poverty and reduce inequality” [7,24].



The emerging of I4.0 has centered on enhancing competitiveness, productivity, and revenue growth [43]. Its value creation capability, therefore, has the potential to contribute to the achievement of SDG goals [42], such as SDG 12 (“ensure sustainable consumption and production patterns”) [7], which corresponds to the NDP’s Chapter 5 objective of environmental sustainability and resilience [24]. Bonilla et al. [43] pointed out that I4.0 could positively drive SDGs related to environmental sustainability, provided that technology is innovated to meet the country’s requirements and supportive policies are put in place [43]. Technological advancement has been recognized for its potential to solve social and economic challenges faced by developing countries [39,44,45]. The adoption of I4.0 in a country, therefore, needs to be underpinned by well-developed and balanced policies to help it achieve both competitiveness and inclusivity.



Adopting I4.0, however, poses significant challenges and risks to aspects of inclusive development and the reduction of inequality outlined in the NDP and the SDGs [8]. Van Niekerk [6] viewed technological advancements as one of the drivers of inequality within and among countries [6]. Thus, I4.0 could potentially hinder the achievement of SDG 10 (“reduce inequality within and among countries”) [7,8]. SDG 10 is aligned with the NDP’s Chapter 11 (social protection).



With I4.0 comes increased job complexity requiring specialized skills [31,46,47], which makes significant demands on the manufacturing industry’s skills requirements. Accordingly, the adoption of I4.0 could result in compromising achieving SDG 8 [8] (promote sustained, inclusive, and sustainable economic growth, full and productive employment, and decent work for all) [7], which aligns with NDP Chapter 3 (economy and employment) [24]. Furthermore, developing countries have a less competitive advantage in achieving SDG 9 (inclusive and sustainable industrialization) [7,8], which aligns with NDP Chapter 4 (economic infrastructure) [24].



The literature relating to I4.0, read together with the developing country aims embedded in South Africa’s NDP and the UN’s SDGs, suggests that I4.0 adoption in the South African manufacturing industry requires customized supportive innovations and policies around technological development. Understanding the factors that could inhibit I4.0 adoption or undermine the broader national aims is therefore important for facilitating, designing, and developing the supportive policies needed for success.





3. Method


The research focused on exploring contextual factors that inhibit the sustainable adoption of I4.0 in the South African manufacturing industry. It followed a qualitative descriptive interview-based approach [48,49,50] to collect views and opinions from participants who represented different facets of the manufacturing industry about the adoption of I4.0 in this industry in South Africa.



3.1. Research Setting and Participants Sampling


The study was undertaken using semi-structured interviews with participants at management and specialist expert levels in the manufacturing and digital industries in order to obtain rich data. We included further relevant role-players from the research and development sector, public sector, and non-governmental organizations that provide support and have a special interest in manufacturing. The aim was to obtain a relevant interdisciplinary range of views and opinions.



Purposeful sampling, commonly employed in qualitative descriptive studies [51,52], was used to select the study participants based on the following inclusion criteria: practicing within South Africa; involvement in and contribution to I4.0 workshops, conferences, and online I4.0 platforms; and the participant’s current position as a decision-maker or expert. The participants from the manufacturing industry came from organizations that had already adopted or were in the process of adopting I4.0, and were selected for their ability to provide informed opinions on factors that affect its sustainable adoption. The participants from the digital industry were working with I4.0 technologies and were involved in assisting manufacturing companies in the adoption journey at consultancy and support levels. These two groups were directly involved in I4.0 adoption decision-making and the design of implementation roadmaps. The public sector, research and development sector, and non-governmental organization participants were selected to provide in-depth views on I4.0 adoption with aspects of sustainable development.



Participants were recruited via e-mail, telephone, and LinkedIn. Thirty potential participants were invited, and sixteen agreed to participate. A one-page summary describing the overall study and an informed consent form to be signed by both the potential participant and the researcher formed part of the invitation. The informed consent document stipulated the research overview, expectations from the participant, risks involved, and how the risks would be minimized, as well as the handling and use of the data collected. Participation was voluntary, and all participants were free to withdraw from the research at any time during or after the interview. The study was conducted under the guidelines and clearance from the researchers’ institution’s ethical clearance process.



Table 2 shows the participants distribution by industry. The manufacturing and digital industries were represented by about two-thirds of the participants, with the rest representing the other selected relevant interested parties.



Table 3 shows the participant distribution by type of responsibility. Half were at the managerial level, and the rest were selected for their specialist expertise. A technology agreements facilitator, working in the government department responsible for the manufacturing industry and technology adoption, was included for perspectives relating to liaison between the industry and government.




3.2. Data Collection


To collect a rich dataset and participants’ broader views [53], the semi-structured interviews focused on obtaining an understanding of factors influencing sustainable adoption of I4.0 in South African manufacturing. They were conducted face-to-face or by telephone, depending on the participant’s preference. All were conducted in English, and no language barrier was encountered. They were audio-recorded, and field notes were taken during the course of the interviews as a first step in ensuring data credibility.



Two standard open-ended questions guided each interview: (a) can South Africa adopt I4.0 in the same way as other countries and please elaborate on your answer? and (b) please discuss the factors that you think inhibit the sustainable adoption of I4.0 in the South African manufacturing industry? The interviews lasted about 45 min to one hour, depending on the time taken to answer follow-up questions posed to yield in-depth opinions and explanations from participants. The questions were designed to collect data on the nature of the environment in which the manufacturing industry was operating, contextual factors affecting sustainable adoption of I4.0, and strategies to enhance sustainable adoption of I4.0 in the South African manufacturing industry.




3.3. Data Analysis


The interview recordings were transcribed verbatim, and the accuracy of the transcriptions was checked by subsequently comparing them with the recording and correcting the final versions as necessary.



Thematic analysis was used to identify patterns and themes in the data. This method provides the means to stay close to the data while presenting a sufficient summary of participants’ views [48]. To ensure rigor, the data analysis followed the process of data familiarization, initial codes generation, reviewing of codes, searching for themes, theme review, and theme generation [54,55].



The researchers listened to the audio readings during the transcription process and formulated initial thoughts and ideas. Potentially interesting data segments were highlighted, and patterns of meaning underlined. Transcripts were imported into ATLAS.ti, and the researchers carefully read through each script, started to organize the data into meaningful chunks of data [54], and created the initial code lists using open coding in ATLAS.ti [56].



Codes were reviewed by renaming and merging codes while identifying patterns and relationships using links and network functions in ATLAS.ti [56]. This led to the identification of code categories and the generation of descriptive themes. The researchers maintained participants’ views in line with the objective of a qualitative descriptive study [49,52,57]. The importance of each theme related to the research questions was generated. A summary of the themes, categories, and codes is presented in Table 4, followed by a detailed representation of participants’ views. Furthermore, the co-occurrence table tool in ATLAS.ti was used to identify frequencies and determine noticeable overlaps of codes [56]. This was used for exploratory purposes and for identifying codes that required further analysis.





4. Findings


From our analysis of the 16 interviews, two key themes emerged: factors that inhibit I4.0 adoption and strategies to promote I4.0 adoption in the South African manufacturing industry. Table 4 presents an overview of these themes, associated sub-themes, and the codes that were generated. These are further analyzed in Section 4.1 to Section 4.3. Though it is not a standard practice in a qualitative study, we included graphs that provide an overview of the prevalence of each inhibitor by the number of participants.



4.1. Sustainable Adoption of Industry 4.0 Inhibiting Factors


Factors that, according to our participants, inhibit sustainable adoption of I4.0 are grouped into four sub-themes: socioeconomic factors, task environment factors, infrastructure factors, and human capital factors.



4.1.1. Socioeconomic Factors


All of the participants agreed that socioeconomic factors significantly inhibit the sustainable adoption of I4.0 in the South African manufacturing industry. Figure 1 shows the number of participants who highlighted the presence of each socioeconomic inhibiting factor.



Participants from the manufacturing industry (P3), digital industry (P12), research and development (P1, P6), public sector (P2, P10), and NGO (P7) saw resistance to I4.0 technologies as a key barrier to adoption, and one in particular emphasized that such resistance was strengthened by labor unions’ concern that I4.0 could potentially reduce or even eliminate low-skilled and semi-skilled jobs:


“The other aspect from a social point of view that may be a barrier is [the] acceptance of the technologies. If you look at what the labor unions are talking about at the moment, they are more worried about job losses.”



(P1)







There was also agreement from participants at management (P5) and specialist/expert (P9, P13) levels, as well as from the technology agreements facilitator, that youth unemployment deriving from their lack of basic skills greatly adds to the social-economic inhibitors to I4.0 adoption:


“This country has problems with unemployment among young people, who come out of school and matriculation without a good education and even a very poor ability to read.”



(P13)







Social structural inequalities and the “the extent to which the society is wired” (P5) in South Africa additionally hinder sustainable adoption of I4.0, as pointed out by six of the participants, at management (P1, P3, P5, P10) and specialist/expert (P13) levels. They stressed the fact that I4.0 adoption in the country must focus on solving both competitiveness and equality challenges:


“. . . I4.0 in places like Germany is about economic competitiveness. It’s about making firms and sectors and the whole Germany economy more competitive in the global landscape . . . I4.0 in South Africa can’t only be about competitiveness, it can’t only be about firms investing in high tech and upgrading their tech and make more money. It can’t just be about competing; it has also to be in some sense competing while addressing the serious issue of inequality in this country.”



(P10)







Participants at the management level (P3–P5, P12) and specialist/expert level (P6, P7) highlighted the lack of awareness or understanding about I4.0, its impact, and how it can be adopted in their organizations, and saw this as a factor that can restrict successful adoption:


“I think it’s number one, unawareness, overall unawareness . . . So people they hear that there is I4.0, but they don’t know where to start, they don’t know how [they can go about] implementing it.”



(P4)








4.1.2. Task Environment Factors


Figure 2 presents the task environment factors versus the number of participants who pointed to them as factors that inhibit sustainable adoption of I4.0 in the South African manufacturing industry.



Participants from the manufacturing industry (P4, P8), public sector (P2), research and development (P6), and NGOs (P7) were concerned that policy and regulations in South Africa were not supportive of large-scale I4.0 adoption. Furthermore, the country’s policy framework, as observed by a public-sector participant, does not support swift adjustment to exponential technological advancements:


“We do not have government policies in place that will enable [the] business to easily apply all the I4.0 stuff or elements.”



(P4)






“. . . we haven’t achieved full readiness, so we need to use a mixture of policies to make sure that we adjust, policies that speak to our economic competitiveness in the manufacturing sector . . . microeconomic policies, as well [as] policies around education sector . . . regulations around the digital space are not yet completed, which inhibits I4.0 being rolled out on massive scale in a way that everybody who wants to play in this space can do.”



(P2)







However, nobody representing the digital industry had similar concerns, perhaps because, as another public-sector participant pointed out, there was currently considerable policy discussion on facilitating I4.0 in the country, even as he acknowledged the challenges in respect to policy and regulation:


“The public sector in terms of policy I think it is getting uptake and I think there are a lot of policy discussions happening right now about how public sector can facilitate a link towards I4.0.”



(P10)







Participants from all of the represented groups agreed that the deficiencies in the country’s education system have a significant negative impact on sustainable I4.0 adoption. They described the system as being characterized by poor-quality teaching and learning, misalignment in the development of skills required by industry, and underperformance in tertiary education throughput:


“There is a huge obligation of the government departments that reports within the government, like education, that they must pull up their socks and make sure the quality of qualifications that comes out of matric is up to standard. How can you expect somebody that can only know 33% of the subject matter to be proficient? There is 67% that he does not know that he could not give an answer to or give the correct answer to. So how is that person equipped for the big world out there to come and render a service?”



(P4)







The South African manufacturing industry is lagging in terms of industrial revolutions, with some companies still struggling with the second industrial revolution, as pointed out by participants at the management (P1, P4, P5, P8) and specialist/expert (P7) levels:


“I think that the current system is so flawed in all its ways. I mean we [are] talking the second industrial revolution not even third. It almost needs a complete revamp from the future requirement point of view as opposed to reengineering the current system to support the fourth industrial revolution environment.”



(P7)







There was also agreement from participants at the management (P3, P4, P5) and specialist/expert (P6, P7) levels, as well as from the technology agreements facilitator (P2), that a significant number of manufacturing organizations in the country react to the trend in technological advancement rather than strategically respond to it.




4.1.3. Infrastructure Factors


The number of participants who pointed out each infrastructure factor that inhibits sustainable adoption of I4.0 in the South African manufacturing industry is presented in Figure 3.



The participants in the manufacturing industry (P3, P4, P8, P9), digital industry (P5, P11, P12), research and development (P10), and public sector (P2, P10) categories all agreed that the country faced considerable infrastructural challenges, including those related to information and communication technology (ICT):


“We do not necessarily have the ICT infrastructure to facilitate the establishment of cyber-physical systems and IoT [Internet of Things], which are the pillars in I4.0.”



(P10)







Participants at the management level (P1, P4) and specialist/expert level (P6, P9, P11) concurred that access to advanced technologies is a barrier to inclusive participation in I4.0. “Technologies are expensive” (P1), and “SMEs will not be able to afford” (P4) the necessary I4.0 supporting infrastructure.



The technology agreements facilitator highlighted a lack of reliable electricity supply as a major obstacle to the successful adoption of I4.0:


“. . . lack of access to reliable electricity, which is a basic infrastructure that we need to run the devices and if you don’t have access to alternative source of energy and [you] rely on the public grid for electricity or energy you are obviously going to be limited as you know, recently with blackouts we have been experiencing.”



(P2)








4.1.4. Human Capital Factors


Figure 4 highlights the human capital factors versus the number of participants who pointed to them as factors that inhibit sustainable adoption of I4.0 in the South African manufacturing industry.



Participants at the management level (P1, P3, P4) and specialist/expert level (P6, P11, P13) believed that specialized skills required to participate in I4.0 were lacking due to insufficient development of such skills:


“I think the whole skills issue is one of the biggest problems that this country faces in trying to get itself ready for the I4.0 . . . But also to produce people with specialized skills required to work in I4.0. That for me is going to be one of the biggest challenges this country faces.”



(P13)







There was agreement from participants in the manufacturing industry (P8, P9), digital industry (P5, P12, P13), research and development (P6), public sector (P10), and NGO (P7) about the mismatch between the skills required by the industry and I4.0 and the skills being produced by the education system, which results in unemployment or underemployment:


“. . . the current system is currently defective because about 70% of South Africans ultimately either become unemployed or underemployed. So why do you train people for unemployment?”



(P7)






“The education needs to prepare us for I4.0 because at the moment, I feel and I think we are preparing our students and our people for the second industrial revolution, which is the production line type of thinking . . . whereby you just go to school, get good grade, and go work somewhere else, you know. But I4.0 needs a shift, needs a paradigm shift that talks to the mindset how we do things.”



(P9)







All of the participants agreed that I4.0 could potentially reduce or even eliminate certain low-skilled and semi-skilled jobs, since technologies in I4.0 are structured around automation, artificial intelligence, and competitiveness; this creates challenges for the country’s manufacturing industry, which currently employs a significant number of people in such jobs:


“It’s a big challenge because I4.0 per say is geared towards competitiveness . . . none of that is about inclusiveness. And I personally don’t see a clear path with making that inclusive because ultimately I4.0 it’s about competitiveness that is driven by automation, and if you are automating there are chances of employing fewer people. You might be employing fewer low-skilled people. You might be paying more money to the high-skilled people. So here is the dynamics of I4.0 that could be seen to run against the principle of inclusiveness.”



(P10)






“We have the debates around artificial intelligence, machine learning, robotics being a threat to low-skilled and semi-skilled jobs in our manufacturing industry. So the question is what kind of policy do we assume to ensure that we secure rather than bring instability to those sectors, what alternative source of work do we have [for] them.”



(P2)







Participants from the manufacturing industry (P8) and digital industry (P11) believed that the migration of people with specialized skills looking for greener pastures in other countries adds to the skills challenge faced in South Africa.


“South Africans do great things in other countries, especially overseas, you know. We can replicate the same effort in our economy.”



(P8)









4.2. Strategies to Promote I4.0 Adoption


The number of participants who pointed out each strategy to promote I4.0 adoption in the South African manufacturing industry is presented in Figure 5.



All of the participants agreed that understanding the country’s contextual operating environment could assist in adopting specific I4.0 technologies that would help to solve its specific challenges:


“We have to look into South African context and say . . . what are the kind of the problems we want to solve? What is important to South Africa? Because if you look at things like autonomous drivers, yes, it is important to the problems of those developed countries, but is it really important here in South Africa? We have got other big challenges that we can solve with I4.0.”



(P11)







Participants at the management (P1, P4) and specialist/expert (P6, P7, P9, P11) levels believed that manufacturing companies could select I4.0 technologies that augment and enhance human capability and create and enhance jobs as a strategy to promote sustainable adoption of I4.0 in the country:


“So instead of full-blown automation, we need to adopt solutions that do not have adverse impact on the employment scenario because that would then have impact on the social-political kind of human activities.”



(P11)






“So there is really an opportunity to make it [I4.0 technology] relevant for those people who have been stuck in this element of low-paying jobs and menial labor, and one can make those kind of workers as better and easier and more fun experiences. It really goes down to, it makes the job more interesting if you have wonderful high technologies that can aid you and save you time and save you effort.”



(P6)







Participants from the manufacturing industry (P3, P4), digital industry (P13), and research and development (P1, P6) thought that various stakeholders’ uncertainty about the impact of adopting I4.0 could be addressed by making people aware of “what is I4.0 and what elements can be adopted” (P4) without taking away jobs:


“I think we can support adoption of I4.0 first and foremost by educating people that it’s not going to take away jobs. There is a tremendous fear in the government and among the labor unions in South Africa that I4.0 means job losses, job cuts, people on the streets, civil unrest.”



(P1)







All of the participant categories emphasized the responsibility of the government in creating the policy and regulatory environment that promotes the manufacturing industry to do business and thrive in I4.0:


“So the government must create an environment in which businesses can easily apply and thrive with all the aspect of Industry 4.0.”



(P4)







Participants at the management (P8, P10, P12) and specialist/expert level (P7, P9, P11, P13) further highlighted the value of revamping the education system to respond to current and future skills requirements as a strategy to support the sustainable adoption of I4.0.



A specialist/expert in the digital industry (P13) emphasized the need for government incentives to companies that are sustainably adopting I4.0 initiatives to stimulate similar investments in the manufacturing industry:


“South African manufacturing industry can leverage I4.0 if there [is] a way that maybe [the] government can provide incentives in some way for companies to invest in the latest technologies. Is there some way that they could reduce their corporate tax they pay . . . because they have invested a certain amount of money in improving their systems, their processes, the way they do things?”



(P13)







Managers (P1, P8) and specialist/expert participants (P6, P7, P13) were optimistic that if companies focused on investing in I4.0 technologies, this would promote achieving successful adoption of I4.0 in the country. They emphasized the importance of understanding the difference between investing in the third industrial revolution and fourth industrial revolution technologies:


“. . . if we do these investments, we have to invest not for the third industrial revolution, but for the fourth [industrial revolution]. So in other words if [we] go and invest and every company invest, we need to make sure that whatever we create in terms of infrastructure is geared towards the fourth industrial revolution. So I think consider the question what is the difference between investing in third industrial revolution as with the fourth [industrial revolution]. What does that mean?”



(P7)







Participants at the management level (P1, P4, P10) and specialist/expert level (P14) suggested that collaboration and strategic partnerships between companies and groups within the country and abroad would promote sustainable adoption of I4.0 and attract international interaction and investment:


“Strategic partnership. So what I mean by that is companies in South Africa who are working in a specific area like manufacturing in a particular way with particular products within the industry, can they think to have strategic partnership with companies in other countries oversees, where they will benefit from what those companies have learnt and the way those companies overseas have done things. In return, help those overseas companies also doing more business in South Africa. So it works both ways. So if there are partnerships that South African companies can have with maybe a similar or complementary technology company in another country where each can support each other and win business with each other’s markets to grow their business.”



(P13)








4.3. Relationships Diagram of Inhibitors to Sustainble Adoption of I4.0


The inhibitors of sustainable adoption of I4.0 in the South African manufacturing industry were further analyzed to identify their relationships using the links function in ATLAS.ti [56]. Three major ATLAS.ti relationships were employed in the analysis: ‘is part of’, ‘is associated with’, and ‘is cause of’. Furthermore, ‘will intensify’, a customized relationship, was used to link other codes. Figure 6 illustrates the established relationships between the theme factors that inhibit sustainable I4.0 adoption (green) and the four sub-themes (blue) with their associated codes (red).



A significant number of inhibitors were identified to be linked with deficiencies in the education system: noticeable youth unemployment, critical skills shortage, inadequate alignment between skills development and skills requirements, and awareness challenges. This will all cause the slow pace of adoption of I4.0 technologies in the manufacturing industry.



Slow pace to the adoption of I4.0 was identified to be caused by the resistance to technology and the cultural constructs within the country. Furthermore, it was associated with the policy environment that does not support quick changes in requirements in the industry.



Policy constraints were linked with causing inhibitors, such as inadequate ICT infrastructure, limited access to reliable electricity, and deficiencies in the education system.



The potential negative impact of technology on jobs was linked with the potential to strengthen noticeable youth unemployment, while the perception that I4.0 is geared towards competitiveness could strengthen social structural inequalities in the country.



The inhibitor of equipment not supporting I4.0 requirements was identified to be caused by the exponential rate of change of technologies and limited access to I4.0 technologies. This inhibitor is associated with limited access to a reliable electricity supply and inadequate ICT infrastructure. Furthermore, equipment not supporting I4.0 requirements is considered as part of lagging industrial developments.





5. Discussion and Recommendations


5.1. Discussion


The current study explored the factors that inhibit sustainable adoption of I4.0 in the South African manufacturing industry. Our research utilized the views of management and experts in the manufacturing and related supporting industries, who pointed out inhibitors specific to the country, including social structural inequalities, resistance to technology, noticeable youth unemployment, a fragmented task environment, and deficiencies in the education system. They also suggested strategies that can enhance sustainable I4.0 adoption in the industry, which relate to South Africa, but that could also apply to other countries in the region.



Because I4.0 adoption could potentially reduce or even remove certain low-skilled and semi-skilled jobs, which stakeholders such as labor unions fear, mitigating action would need to be taken to avoid jeopardizing the achievement of SDGs relating to equality and inclusiveness. In their inter-country comparative study, for example, Raj et al. [10] highlighted inequalities as an inhibitor to the possible results and benefits of I4.0 adoption. Our findings, therefore, support a focus on the skilling and re-skilling of employees in organizations as a way to provide for continuing employability of the existing workforce as I4.0 is adopted. Furthermore, careful selection of technologies that drive inclusiveness and support employment creation would be needed.



Our participants observed that South African manufacturing operates in a fragmented task environment, which could inhibit efforts to establish a unified direction in adopting I4.0. Furthermore, the regulatory and policy framework was not seen to support large-scale adoption of I4.0, and was insufficiently able to address rapid changes related to I4.0 technologies. Our findings suggest that the South African government could learn and adapt for its own purposes lessons from countries such as Germany, whose government supported the 2020 High-Tech Strategy that led to the establishment and implementation of I4.0 [51,52].



Our findings also accentuate the infrastructure challenges—notably ICT—to I4.0 adoption. These are not unique to South Africa [10], but are worsened in this country and others in the region, where basic infrastructural support, such as a reliable electricity supply, is lacking.



Our findings indicated human capital challenges as a further significant inhibitor of sustainable adoption of I4.0 in manufacturing, and are consistent with other studies [9,10,13,31,35,58] that reveal workforce and skills challenges as barriers to such adoption. Although workforce challenges are a common theme in developed as well as developing countries, their causes are often specific to the type of country. For example, developed countries face the challenge of aging populations and justifying their strategy of adopting advance robotics and automation related to I4.0 as a solution [9,11]. In South African manufacturing, by contrast, there are many young job-seekers, but too many of them lack the relevant I4.0 skills because of deficiencies in the education system and misalignment between the industry’s skill requirements and actual skill development. The implication, therefore, is that I4.0 solutions in South Africa must focus on enhancing and improving human capacity—as well as the education and skills development system itself—rather than replacing the workforce.



In addition to gaining an understanding of inhibitors to I4.0, the present study revealed potential strategies to promote sustainable adoption of I4.0 in the South African manufacturing industry. The strategies pointed out in this study could assist investors to focus on issues that will increase their chance of acceptance and success in the country and the region.



The findings of this study revealed that I4.0 adoption in the South African manufacturing industry should consider balancing competitiveness aspects and meeting the country’s NDP and SDG aspects of inclusiveness and equality. Prevailing socioeconomic challenges, such as social structural inequalities and noticeable youth unemployment, necessitate the manufacturing industry and its supporting industries to innovate I4.0 technologies for successful adoption.



Furthermore, policymakers in the country should develop policies and regulations that support technology acceptance by various stakeholders, which include the workforce, labor unions, and investors. Targeted regulations and policy that require attention could include ICT, skills development, education, and trade and industry policies.



The study suggests that successful adoption of I4.0 significantly depends on people as well as technology. It is people in combination with technology that can change and improve situations. A shortage of I4.0 skill requirements was identified as a global challenge [5,10], and competition for people with relevant skills could intensify. Therefore, South Africa’s manufacturing industry must intensify skills development, as well as skills retention, as linked strategies to mitigate skills shortage and skills loss.




5.2. Study Limitations and Future Studies


Although these findings have contributed to our understanding of management and experts’ perspectives on the adoption of I4.0, we acknowledge that there are limitations to the study. It is not the first to explore factors that inhibit I4.0 adoption in the manufacturing industry [2,4,5,9,10,11,12,13,25,26], although it is the first to address the issue in the specific country context of South Africa. The small sample size could be regarded as a limitation, although it fits well into the research design and the purpose of the study. Thus, the findings are not generalizable owing to the small sample size and the subjectivity of participants’ opinions. Nevertheless, the points they raised offer useful direction for further, broader investigations of specific inhibitors to sustainable I4.0 adoption and strategies for overcoming them, not only in South Africa, but also in the developing countries in the same region.



The research design and methodology in this study was limited to qualitative data. This restricted us only to apply qualitative data analysis techniques, and thus the inhibitors could not be ranked in terms of severity. We, therefore, recommend future studies that could use both qualitative and quantitative methods and apply techniques, such as the analytical hierarchy process (AHP) and Delphi technique, for further analysis of the factors that inhibit sustainable adoption of I4.0 in the manufacturing industry.



This study also opens doors for future research into factors that inhibit I4.0 adoption within specific manufacturing industry sectors where its impact and opportunities could vary.




5.3. Recommendations


Our findings suggest that deficiencies in the education system are significantly linked to other inhibitors, and addressing these could contribute to mitigating factors that are inhibiting sustainable adoption of I4.0. Fixing the deficiency in the education system, coupled with organizations prioritizing up-skilling and re-skilling of employees, could provide solutions to inhibitors, such as the noticeable youth unemployment, critical skills shortage, inadequate alignment between skills development and skills requirements, and awareness challenges. Thus, various stakeholders, including the government departments, such as basic education, higher education, and training, and the department of science and technology, must collaborate with other stakeholders, such as the industry and trade unions, in addressing the deficiencies thereof.



Policy constraints were also linked to a noticeable number of inhibitors, such as inadequate ICT infrastructure, limited access to reliable electricity, and deficiencies in the education system. Since changes in technological development are exponential, it is recommended that the policy framework in the country must be flexible and quick to adopt all necessary changes that foster sustainable development. The suggested targeted regulations and policies that will have a significant impact and require attention could include regulations around ICT, skills development, education, and trade and industry policies.



It is further recommended that the manufacturing industry in the country must not adopt I4.0 for the sake of following global trends. Instead, decision-makers must seek to understand the contextual country requirements and apply relevant technologies that support such. This could include selecting technologies that enhance human capabilities, thus minimizing the possible negative impact of I4.0 technologies on semi-skilled and low-skilled employees.





6. Conclusions


The study aimed to explore factors that inhibit sustainable adoption of I4.0 in the developing country context of the South African manufacturing industry. The present small-scale study offered us the opportunity to gather views from individuals whose work was relevant to I4.0 adoption in the country’s manufacturing industry. Although the focus was on factors that inhibit I4.0 adoption, strategies to promote it emerged during data analysis as a strong second theme. These included understanding the context and application of relevant technologies; strengthening the policy and regulatory space; overhauling the education system; and selecting technologies that enhance human capability and productivity. The findings suggest that successful adoption of I4.0 goes beyond the development of technological capabilities, and needs to also take into consideration aspects of social-economic sustainability. In the context of South African manufacturing, sustainable adoption entails balancing competitiveness with inclusivity in ways that help to achieve the goals embedded in the country’s NDP and the UN’s SDGs, and that move the industry—and the country—towards stronger economic growth and quality of life for all.
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Figure 1. Socioeconomic inhibiting factors versus the number of participants. 
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Figure 2. Task environment inhibiting factors versus the number of participants. 
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Figure 3. Infrastructure inhibiting factors versus the number of participants. 
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Figure 4. Human capital inhibiting factors versus the number of participants. 
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Figure 5. Strategies to promote I4.0 adoption versus the number of participants. 
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Figure 6. Relationships diagram of inhibitors to sustainable adoption of I4.0. 
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Table 1. Barriers and drivers to I4.0 adoption literature overview.
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	Author(s) Reference
	Study Focus and Setting
	Key Contributions
	Drivers and Barriers





	Kumar et al., 2020 [5]
	Analyzing the barriers to I4.0 through the best–worst method for Indian industry
	Ranking of the barriers to I4.0 adoption using the best–worst method
	Barriers: lack of ICT infrastructure, lack of standards, data security concerns, high investment requirements, skills shortages, lack of regulatory framework, unwanted strain, no manpower.



	Stentoft et al., 2020 [25]
	Drivers and barriers to I4.0 readiness and practice in Danish SME manufacturers
	Demonstration of the difficulties faced by SMEs in achieving I4.0 readiness
	Drivers: legal requirements, customer requirements, cost reduction, optimized time to market

Barriers: lack of standards, shortage of financial resources, lack of skills, awareness challenges



	Luthra et al., 2020 [4]
	Examining the drivers of I4.0 to diffuse sustainability in supply chains in India
	Use of Grey-DEMATEL to define the causal interactions among I4.0 drivers
	Driver: competitiveness, improved information sharing system and resource development, adoption of innovative business models, collaboration and transparency



	Müller 2019 [2]
	Workers’ perspective on concerns hampering I4.0 implementation in Germany industrial enterprise
	Insights on barriers to I4.0, from workers’ point of view, which can be utilized by management
	Barriers: lack of competence, employee resistance to change, lack of implementation strategy, unclear benefits to workers, automation taking decisions from humans



	Prause 2019 [26]
	Examination of the challenges of

I4.0 adoption by Japanese SME manufacturing firms
	Challenges to I4.0 adoption regression model and use of Cronbach’s alpha to test its reliability
	Barriers: lack of knowledge, complexity of I4.0, high implementation cost, market uncertainty, security concerns



	Türkeș et al., 2019 [11]
	Investigation of drivers and barriers to I4.0 implementation in Romanian SMEs
	Identified barriers and drivers to I4.0 implementation in Romania SMEs
	Drivers: increased efficiency, product quality, global competitiveness

Barriers: lack of expertise, regulations and working

procedures in developing countries, lack of standards



	Raj et al., 2019 [10]
	Examining barriers to I4.0 technologies in developed and developing economies in the contexts of India and France
	The total degree of influence that barriers to I4.0 implementation have on each other using the Grey-DEMATEL approach
	Barriers: high investment cost, insufficient data and information security, lack of infrastructure, inequality, digital skills shortages, lack of standards and regulations, resistance to change



	Horváth and Szabó 2019 [9]
	Exploring how company executives interpret the driving forces and barriers to I4.0 implementation in Hungary
	Comparison of barriers and drivers to I4.0 between SMEs and multinational companies
	Drivers: workforce challenges due to aging population in developed countries, raising global competitiveness

Barriers: lack of skilled workforce, insufficient data security, organizational resistance



	Müller et al., 2018 [12]
	Examining I4.0 opportunities and challenges in Germany’s manufacturing industry
	Categorical ranking of I4.0 adoption challenges/barriers
	Drivers: strategic and business model opportunities that maintain and expand competitiveness, enhanced efficiency, timing,

flexibility, and quality

Barriers: complexity of integrating

I4.0 technologies



	Kamble et al., 2018 [13]
	Analyzing the potential barriers to I4.0 in Indian manufacturing organizations
	Establishment of barriers to an I4.0 relationship and dependence power and development of hierarchical relationships of these barriers
	Barriers: legal and contractual challenges, employment disruptions, need to enhance skills requirements, lack of ICT infrastructure, insufficient security and privacy, regulatory challenges, implementation cost, lack of awareness
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Table 2. Participant distribution by industry.






Table 2. Participant distribution by industry.





	Industry
	Number of Participants (%)
	Participants 1





	Manufacturing
	5 (31)
	P3, P4, P8, P9, P16



	Digital
	5 (31)
	P5, P11, P12, P13, P14



	Research and development
	2 (13)
	P1, P6



	Public sector
	3 (19)
	P2, P10, P15



	Non-governmental organizations
	1 (6)
	P7







1 Participants are referred to as P (participant) followed by an identifying number.
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Table 3. Participant distribution by responsibility.






Table 3. Participant distribution by responsibility.





	Responsibility/Position
	Number of Participants (%)
	Participants





	Management level
	8 (50)
	P1, P3, P4, P5, P8, P10, P12, P15



	Specialist/expert level
	7 (44)
	P6, P7, P9, P11, P13, P14, P16



	Other—Technology agreements facilitator
	1 (6)
	P2
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Table 4. Themes, sub-themes, and codes used.






Table 4. Themes, sub-themes, and codes used.





	
Theme

	
Sub-Theme

	
Associated Codes






	
Factors that inhibit I4.0 adoption in the South African manufacturing industry

	
Socioeconomic factors

	
Resistance to technology, cultural construct, social structural inequalities, noticeable youth unemployment, limited access to information, awareness challenges, I4.0 geared towards competitiveness, slow pace of adoption.




	
Task environment factors

	
Policy constraints, fragmented task environment, lagging industrial development, exponential rate of change, inadequate innovation system, international developments and trends, government support.




	
Infrastructure factors

	
Equipment not supporting I4.0 requirements, inadequate ICT infrastructure, limited access to I4.0 technologies, limited access to reliable electricity supply, limited availability of advanced technologies.




	
Human capital factors

	
Critical skills shortage, inadequate alignment between skills development and skills requirements, skills migration, potential negative impact on low-skilled and semi-skilled jobs.




	
Strategies to promote I4.0 adoption in the South African manufacturing industry

	

	
Understand context and apply relevant technologies, strengthen policy and regulatory space, overhaul education system, create I4.0 awareness, invest in I4.0 infrastructure, ensure collaboration between partners, enhance international relationships, focus on primary manufacturing, select technologies that enhance human capability and productivity.
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