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Abstract
Contextualizing technology and digitalization in a period of having to meet sustainable development goals (SDGs),
requires a paradigm shift which calls for collaboration from multiple stakeholders. The current turbulent
environment requires an investigation into ways of adopting the Fourth Industrial Revolution (4IR) as a pertinent
mechanism for accelerating sustainable development goals. The need to formulate a conceptual framework and
adapt it to the South African context, requires careful mapping of the elements of 4IR, the relevant infrastructure and
resources There has been perceptions instigating resistance towards the SDGs, hence the need to develop the
conceptual framework. The exploratory research method fitted well as its nature a systematic review to effect and
respond to the abovementioned investigation. The study reviewed about 70 articles of which 53 of those were peerreviewed articles within 4th industrial revolution in South Africa as set for ecosystem. Due to limited research on the
topic, possible impacting variables that added immeasurable value were explored as contributing factors the study.
Both reviewed literature and government archive on 4th industrial revolution revealed how the ecosystems of 4IR
accelerated the achievement of SDGs in South Africa. The study further singled smart factories, smart cities,
integrated systems, green technologies, cybernetics, the internet of people, the internet of energy, and the internet of
things as contributing factors towards 4IR. The recommended the applicability of the ecosystems onto the South
African context to advance innovation agenda to achieve green energy, sustainable water provision, waste
management, trade in low-carbon products, cleaner and greener technologies, green buildings, green chemistry and
sustainable transport, as well as improved air quality.
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1. Introduction

Scholarly research and its integration into the sustainable development goals (SDGs) of the United Nations
framework, and the green economy as a whole are still in the initial stages, with no peer-reviewed publications on
the latter available within the South African context. Similarly, there is a paucity of research into the formulation of
the ecosystem of the Fourth Industrial Revolution (4IR) in transitioning to a green economy and attaining the SDGs.
Although there have been efforts to research the SDGs, 4IR, sustainable development in international markets
(Brand. 2012; Burma., 2016; Chala and Poplavska, 2017; Lu, 2017; Manda and Ben-Dhaou. 2019; Mosconi, 2015;
Rüßmann, et al., 2015), no study has yet been done on mapping the variables involved into SDGs transition within
the developing country such as South Africa. The researchers intended to report on a review of the extant literature
related variables such as 4IR, SDGs, as well as possible exogenous variables to map their integration into the
sustainable goals with the aim of building a South Africa based ecosystem. The building of such an ecosystem, as
well as its application in the South African context, forms part of the focussed conceptual framework.

1.1 Research questions

The research study at hand intended to answer the highlighted questions below as a way of interrogating the
available literature in building the anticipated the South African-based conceptual framework:
• How can 4IR technology be utilised to facilitate the attainment of SDGs, theoretically?
• Who are the key stakeholders in 4IR with respect to the SDGs?
• What resources and infrastructures required green economy transition in the 4IR era of?
The stipulated research questions guided the study to pay attention to the role of 4IR with reference to the SDGs in
the literature review.

2. Literature Review

The literature review in this research paper focused on research studies that covered 4IR and Sustainable
development goals to see how much work has been done in this area. It assisted the researchers to identify the gaps
that needed to be closed within the South African context.

2.1 Fourth Industrial Revolution

4IR can be defined as innovative ways of handling programmes and materials, and transforming processes (Chala
and Poplavska 2017). In the view of Dutton (2014), 4IR is Smart factory, where virtual copy of the physical world is
displayed. 4IR is evolving due to pressures on entities to be world class and compete with other countries, and
because the nature of work is changing, requiring errors to be minimized in efficient and effective ways (Chala and
Poplavska 2017). In this regard, 4IR is building on the Third Industrial Revolution, the digital revolution that has
taken place since the middle of the last century. 4IR is characterized by a fusion of technologies that cut across the
lines between the physical, digital, biological and social spheres. This revolution differs from previous industrial
revolutions, in terms of production and the impact(s) on the economy, since it includes governance, management,
living, and working (Burma 2016) through improving processes related to cyber security and systems, big data,
simulations, smart additive/sustainable manufacturing, analytics, the internet of things (Rüßmann, et al 2015,
Mosconi 2015, Lu 2017). Some researchers argue that the role of 4IR is to disrupt, transform and connect societies,
businesses and governments (Lu 2017).
Other authors believe that 4IR enhances the advancements of science and technology through Internet of Things
(IoT) that manifests into Cyber-Physical Systems (CPS) and smart machines (Liao, et al. 2018). Liao et al. (2018)
further mentioned that the advancements of 4IR supersede organizational and territorial boundaries that take
advantage of its agility, intelligence, and networking. The emergence of 4IR brought along artificial intelligence that
drives exponecial increase in computing power backed by the availability of data that translate into new drugs to
algorithms, digital fabrication technologies, additive manufacturing and synthetic biology (Schwab 2017).
Morrar, Arman and Mousa (2017) agree that 4IR would grow exponentially with regards to technical change and
socioeconomic impact. The authors continued to suggest that the coupling of the forces of technological innovation
and social innovation were of necessity for sustainability purposes (Morrar et al. 2017). The support towards SDGs
by the United Nations remained focused on committing to inclusive social and economic development (Morrar et al.
2017). Furthermore, among the proponents of 4IR, there are calls for technology to help achieve the SDGs which
form part of the United Nations’ objectives (Manda and Ben-Dhaou 2019).
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2.2 Sustainable development goals

Transformation and sustainable development need to be kept closely aligned (Brand 2012, O’Brien 2012).Ways of
contextualizing green economy efforts need to be revisited, given that sustainable development is socially
constructed (Roundy 2016) The green economy can help to pave the way to achieving the SDGs, as it is
characterized by economic growth which seeks to reduce carbon emissions, minimize pollution and energy use,
ensure resource efficiency and maintain ecosystem services (which include biodiversity) by also addressing the
economy, through sustainable employment (Greent 2020, Nhamo 2013, UNEP 2005)
The thematic areas encompassed by the green economy are inclusive of, but not limited to, green energy, sustainable
water provision, waste management, agriculture, the trade in low-carbon products, cleaner and greener technologies,
green buildings, green chemistry and sustainable transport (mini cars/cycles), as well as improved air quality
Sustainability involves interrelated activities and benefits which can continue to meet technical, economic and
institutional demands (UNEP 2005). Inputs from the environments controlled by external markets (e.g., political,
financial and technological factors) may be inhibited, as governance and policy compliance serve as both barriers to
entry and challenges in South Africa. Often, enabling the green economy is dependent on ensuring that the tools are
sufficient, and the necessary resources are in place. One important factor which is often overlooked is capacity,
especially when it comes to environmental issues. Enabling the green economy also involves information
technology and innovation (Anthony and Majid 2016). Many researchers are of the opinion that once the milestones
of capacity building – in terms of climate change and the green economy – are fully implemented, this mechanism
can contribute to transitioning 4IR ecosystems to a green economy. Enabling a green economy needs to be explored
by looking at current global models and learning from the success factors and challenges they faced. The green
economy and sustainable development are seen as tools of innovation and advancement. Innovation can be
expedited through information technology, which serves as an innovative tool for disseminating and communicating
information related to the transition to a green economy.
The introduction of information technology brought about greater Symbiosis (Höjer and Wangel 2015) between
entities. Energy efficiency and clean technologies also count amongst the enablers of a green economy (Barbier,
2011). Some researchers have proposed and created an ongoing research model on the use of 4IR technology to
facilitate 15 of the 17 SDGs set by the UN (UNEP 2005). Currently, human behaviour is a significant obstacle in the
process of transitioning to a green economy, albeit that in many instances people still need to man machines. Rather,
a nexus is required. In addressing the SDGs, the aim is to eradicate poverty and hunger, foster good health and
wellbeing, offer quality education, ensure gender equality, provide clean water and sanitation, make available
affordable and clean energy, creating decent work and economic growth, encouraging industry, innovation and
infrastructure, and reducing inequality Sustainable cities and communities, responsible consumption and production.
climate action, and partnerships are needed to achieve these goals (Kajee et al 2018).
To ensure the implementation and success of the system, making processes less complicated will contribute to
efficiencies. Although still in an exploratory stage, that vision will open avenues for future research. Investigations
have been undertaken in international markets on the effect and role of 4IR and accelerated sustainable development
on a single sector, such as food security (de Amorim et. al. 2019). This study sought to focus on diverse avenues of
sustainable development, including water, energy, green building, infrastructure, waste, sustainable production, and
manufacturing. In addition, the study aimed to contribute by formulating an ecosystem for contextualising 4IR
technologies and their applicability in a South African context.

3. Methods

This study adopted a systematic review approach to probe the selected literature for information on the ecosystem of
4IR as an accelerator of the SDGs. Thematic analysis was used to carefully choose the most appropriate results
which met the criteria adopted by researchers. The criteria set was 4th industrial revolution technology, sustainable
development goals and change management, managing perceptions, challenges, and benefits with regards to 4th
industrial revolution and sustainable development goals. The thematic areas were analyzed by means of content
analysis, included resources and infrastructure, benefits and challenges, key stakeholders, managing perceptions, and
leading change. The focus and emphasis on humans were because most science, engineering, and systems as a
whole lackde such focus (Diale, et al. 2019). Above all, 4IR seeks to close the gap in terms of the interaction
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between people, machines, the environment and the economy, as supported by Dutton (2014) who mentioned 4IR as
a virtual copy of the physical world.
Due to limited research on the topic of possible exogenous variables, the field was broadened to add value to the
study. For the current purposes, an exogenous variable can be defined as a factor that can impact a system yet is
independent and not influenced by the system (Pruyt 2013). In this context, the exogenous variables encompass the
psychology behind machine learning, the benefits thereof and the challenges encountered, the leadership traits
needed to spearhead 4IR, and the culture, norms and values involved. Purpose sampling was utilized, as that allowed
the researchers to select themes/variables/factors to complement the study (Creswell 2009). In this instance, the
researchers limited their search to peer-reviewed articles, with search keywords such as Fourth Industrial
Revolution; sustainable development goals; and green economy (and permutations of these) from 2015–2020. The
search engines employed included Google Scholar, Sustainability Journal and Science direct. Initially the
researchers identified 70 entries, which were narrowed down by reading abstracts and findings. In the end, the
researchers were left with a total of 53 articles that met the criteria of covering sustainable development, sustainable
goals, green economy, and 4IR. As mentioned, limited research has been conducted on 4IRn and sustainable goals,
sustainable development and the green economy.

4. Data Collection

The identification of how the ecosystem of 4IR technology affects sustainable development, was followed by
manipulating key variables for sustainable development and 4IR technology. The ecosystem is depicted in table 1.
The researchers subsequently removed duplicates and excluded grey sources such as media coverage, reports and
newspapers. From the literature review, the researchers then developed variables from the systematic review to feed
to the ecosystem. The broad themes as findings were arranged as resources and Infrastructure and key role players
within 4th Industrial revolution and sustainable development goals, Benefits of adoption of the 4th industrial
revolution, sustainability, managing perceptions and change, sustainable development goals, table 1.
Table 1. 4TH industrial revolution ecosystem to accelerate sustainable goals – a conceptual framework
Infrastructure and
resources

Cyber society and
technologies

Internet of energy (Manda
and Ben-Dhaou. 2019)

Customer or client centric,
meeting
needs
(Moavenzadeh, 2015)

Communication, Urban
regeneration (Carvalho, et
al. 2018; Choi and. Kim,
2017; Okello, et al., 2019)

Managing challenges and
perceptions
Sustainability
Green change management
programmes
(Authors’contribution)

Community members
Industrial psychologist
Engineers
Green economy
specialists

Urban
farming
technologies (Lom, et al.,
2016; Okello, et al., 2019.
;Thomaier, et al 2015)
Smart cities, integrated
system (Safiullin, et al,
2019)
Green technologies
Cleantech
(Townsend,
2018)
Virtual training (Machado,
2020)

Key role players

Transformation of
business, sociotechnical
digital transformation,
digital economy (Asiimwe
and de Kock, 2019; Chala
and Poplavska. 2018;
Manda and Ben-Dhaou.
2019)

Transforming and products
and services and not
systems
(Moavenzadeh.
2015),
Greening of technology,
greening Internet of things
(Maksimovic,
2018;
Machado, 2020)
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5. Results and Discussion

The results and discussions of the research paper paid close attention to infrastructure and resources, Managing
change and perceptions, and practical applications of the ecosystem and contribution within South African context.

5.1 Infrastructure and resources

Table 1 can be interpreted as follows:There have been efforts across the globe to introduce initiatives such as smart
or sustainable cities. Smart sustainable cities as a social construct can be defined as the place where information
technology is combined with infrastructure, architecture, everyday objects and even our bodies, to address social,
economic and environmental problems for the future (Höjer and Wangel 2015). Establishing adequate infrastructure,
in the South African context, involves investing in social and economic infrastructure and creating jobs (Manda and
Ben-Dhaou. 2019). The latter objectives can be linked to the sustainable goal of eradicating poverty and ensuring
equitable access to resources (Anthony and Majid 2016,, Diale, et al. 2019, Nhamo 2013, UNEP 2005).
A chain of conferences held since 1972 have sought to identify the environmental problems affecting both
international and local markets. Competencies and skills are vital for taking such innovative solutions as the green
economy and smart cities, and making them a reality (Höjer and Wangel 2015). Alternatives, such as solar, off-grid
options – especially mini grids – have been suggested, particularly to grant rural areas access to energy
(Bhattacharyya and Palit 2014, Oyedepo 2012). Infrastructure governance is another support mechanism where
policies and training can be piloted with stakeholders. Saurian lilting low-cost solar lamps, as part of renewable
energy have been suggested by previous authors (Choudhary and Patil 2015, Oyedepo 2012). The latter initiatives
could be explored in the South African context. Still in the realm of infrastructure, cyber physical systems and
virtualisations aligned to the principle of industry and would see such systems being implemented as part of the
process of transitioning to, and accelerating the uptake of, the SDGs (Carvalho, et al., 2018). The implementation of
renewable powered irrigation systems as advocated by (Oyedepo 2012, Thompson 2016) is a type of technology
which seeks to minimise the challenges presented by a scarcity of resources. To expound on resources and
infrastructure, the emergence or urban farming technologies were reported, which focus on green roof technology,
mobile containers, and hydroponics (Thomaier, et al. 2015). The evolution of smart cities gives rise to the
emergence of smart connections, virtual and wired cities, and urban cybernetics (Thompson 2016), all of which help
with urban regeneration (Choi and Kim, 2017). Such regeneration of urban areas includes spatial planning and
sustainable transportation, digital information, autonomous vehicles and digital infrastructure and connectivity
(Carvalho et al., 2018)

5.2 Managing change and perceptions

The researchers propose that managing change and perceptions in the process of transitioning to a green economy
are important elements which require the management of both negative and positive attitudes towards adoption of
technology, an understanding of the green economy, and knowledge of each role which a society or stakeholder can
play in bringing about this transition. Change is beneficial in the face of industrial discontinuities such as legal,
economic and technological conditions that shift the basis for competition within an industry (Waddell et al. 2019).
Changes in product life cycle shifts, which require different business strategies; and internal company dynamics
related to size, corporate portfolio strategy or executive turnover, can easily be managed with change interventions
(Gossage et al.. 2010). Furthermore, change can also be used as a competitive strategy which can bring about
transformation. Some researchers Smith (2002) assert that managing change can be achieved through education,
facilitation, participation and negotiation. Change programmes can benefit the organisation in terms of retaining its
values and culture; and ensure that strategy is always aligned with the culture, vision and mission. Change
management interventions can assist organisations to build optimistic and self-assured leadership, foster innovative
and create collaborative environments with increased cohesiveness and heightened morale (Miller 2001).
Organisations embarking on change are proactive, which leads to them becoming learning organisations which can
focus on dealing with demanding external forces and pressures, and are able to put mechanisms in place to counter
any threats (Waddell et al. 2019). Other initiatives effecting transition and enabling a green economy, involve
ensuring that there are ambassadors or champions in different sectors, such as the private, public and tertiary, as well
as schools. However, society at large or communities are often bypassed, which may hamper change or impede the
adoption of new behaviors. Infrastructure and sponsorship need to be in place, to ensure that resources are adequate
for change. Studies show that there is a need to do thorough project planning and management, as they are critical
for ensuring project efficiency (Smith 2002).
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Communicating strategy throughout the change process is vital, and should be maintained (Smith 2002). A change
champion needs to communicate – from an early stage – what support they might need, and what progress should be
made in the form of milestones achieved, and these should be tracked and publicized. People need to understand the
reasons for change and the level of attribution of value, if they have to embark on any change activities (Waddell et
al. 2019). The culture of an entity is based on its business strategy and objectives, which feed into change
interventions (Kotter and Schlesinger 2008, Palmer 2022). The feelings, behaviours and thoughts of employees who
will be affected by change, need to be investigated and addressed by offering them support and training, and
reinforcing suitable behaviours (Luthans, 2021). With minimal peer-reviewed publications on creating readiness to
change within the era of 4IR and the green economy, the researchers propose that elements of 4IR which can be
linked to SDGs be piloted as a framework and then implemented. This can be achieved by using a framework from
the internet of people, as well as the psychology of human interaction between human and machine (Sundar, 2020).
Leadership and change management division are core and crucial units in any organisational setting to support
internal change management capabilities (Gossage et al. 2010). The process of internal capacity building in respect
of change management can begin with process mapping the responsibilities of each change manager, matching and
identifying talent pools which align with the criteria identified by the change manager (Maksimovic 2018)
Exogenous variables such as benefits and challenges may affect the system positively and/or negatively, when
adopting 4IR tenets, to facilitate the transition to sustainable goals.
A benefit of the industrial revolution is that is has boosted manufacturing and reduced emissions, allowing tailored
or specific customer needs to be achieved and delivered in time (Maksimovic 2018). However, the complexity of the
South African context is located at the level of the affordability of services, infrastructure and the cost of adopting
related technologies. Load-shedding in South Africa poses a marked threat to the ecosystem. A 4IR committee,
stakeholders and representatives of Eskom and the Department of Environmental Affairs, policy makers, politicians,
citizens, engineers, psychologists, and government officials need to be included from the planning phase, through to
implementation and evaluation. The benefits of 4IR in terms of transitioning to a green economy will include
innovative and socially focused mechanisms with regards to waste management, water and energy conservation, and
reduced packaging amongst others, which the latter will further be addressing the SDGs in South Africa.
Research into the integration of 4IR in societies in developing countries have shown that they fear the introduction
of technology will replace their jobs and contribute to high unemployment, even in South Africa. One study (Burma,
2016) echoes the latter statement, identifying challenges related to cyber security and privacy problems resulting
from more sophisticated hacking techniques. Some believe societies are missing out on the most important benefits
of technology, since 4IR contributes to efficiency and can hasten the transition to sustainable goals. A number of
barriers to the adoption of 4IR have been identified:
• Power cuts
• Lack of skills (Manda and Ben-Dhaou 2019)
• Lack of infrastructure such as Wi-Fi connectivity in rural and some urban areas
• Negative perceptions around the cutting of jobs
• A lack of finances
• Fear of change
• Social justice/injustice (Niravita 2020)
As 4IR works towards human–machine interaction and taps into social aspects, additional behavioral factors such as
human wellbeing and coping mechanims need to be borne in mind. Confirming this statement (Lom, et al., 2016),
the argument is made that communication and collaboration may increase due to cyberphysical systems, which can
be aligned with SDGs related to health and wellbeing. An investigation into the most important elements of
interaction between humans and machines revealed a number of psychological effects such as confidence, perceived
capabilities, machine heuristics and locus of control (Sundar, 2020). This calls for a multi-disciplinary effort, where
work/industrial psychologists, engineers, information system specialists, communities and politicians join forces in
ensuring that all stakeholders are optimised, and the necessary frameworks are put in place to deal with such
psychological issues.

5.3 Practical applications of the ecosystem and contribution within South African context

Table 2 can be interpreted as follows:The researchers are of the opinion that the Youth Development Agency should
spearhead fundraising and the creation of a space or an enabling environment which allows young people to access
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4IR tools, processes and systems. This will lay the foundation for enabling and allowing the youth a seat in strategic
roundtable discussions with decision makers as true collaborators and ensure broad inclusivity. Change dynamics
programmes, to manage readiness for the era of 4IR and SDGs in developing countries, should be introduced. As
change dynamics programme tactics which focus on the latter ecosystem do not currently exist, the programmes
explained above can serve as foundation to design and implement the ecosystem.
The South African Skills Development Act 97 of 1998 could be amended to facilitate this initiative, and allow
entities to keep record of 4IR initiatives, of green skills for development, and help them monitor grants and
incentives. Skills-related documentation and lessons learnt could be drawn from Europe, China and Taiwan, as
regards their experience of development and innovation in the green economy, and technological advances in
digitalisation. Furthermore, education and training to deliver highly skilled individuals will be needed to fill the gap
and cope with the demands of the coming industrial revolution. Everyone must be able to use some elements of the
latter, to drive sustainable goals, boost the modification of green policies, spur training and development, and kick
off government programmes all of that will require an integrated system.
The need for curriculum review is vital, in respect of the inclusion of digitalisation, and skills which align with 4IR,
especially where the goal is to successfully implement and enable the ecosystem. The formulation of a memorandum
of understanding with countries which are leaders in innovative practices, and the integration of such innovative
practices in green economy, can be formulated. Exchange programmes, a broadening of the scope of career guidance
and mentoring, as well as the inclusion of commercialisation, bring entrepreneurship into play, and that is an
important element in boosting the SDGs for eradicating poverty and minimising instances of social injustice.
The researchers wish to recommend a stronger focus on previously disadvantaged groups within the South African
contexts, including youths, black people, women, and people living with disabilities. In their view, 4IR can assist
with service delivery, by improving efficiencies in the municipal and government sectors. Furthermore, queries from
the community can be handled and managed in real time, and prompt responses given, to combat citizens’
dissatisfaction with service delivery. Scientific and engineering processes can be improved to function optimally,
and for that to happen, social discourse needs to be considered.
A social change unit may be established in academic environments, awards may be handed out, and categories can
be created in programmes such as the South African Women in Science Awards (SAWiSA). A studentpreneurship,
intervarsity and Enactus initiatives can serve as a cornerstone for accelerating incubation programmes pertaining to
the adoption 4IR technology and the green economy, in the quest to bring about sustainable development in South
Africa at a university level.
Leadership traits in regard to 4IR and the green economy in an African context still need to be explored (de Sousa et
al, 2018). However, transformational leadership appears to be the preferred leadership trait. A transformational
leader is characterised as an individual who capitalises on delegation and advice, to bring about the personal
development of his/her followers. From a change perspective, a transformational leader can increase awareness of
problems, and influence their followers to view change from a fresh point of view (Vinger and Ciliers, 2006). Such a
leader can contribute by communicating the vision and plans of the organisation and simplifying the process for
everyone to comprehend.
Efforts have been made in South Africa to roll out electric vehicles with low direct emissions. Such steps are a way
of working towards the transition to a green economy, in the form of sustainable transport. They further contribute
to sustainable or smart cities. The phenomenon of Botho has also been investigated in Botswana, where it served as
a key driver towards sustainable development (Mhigo, 2019), and can be explained as a social contract of mutual
respect, responsibility and accountability, among members of a society. In this current study Botho is taken to form
part of the exogenous variables to benefit the ecosystem. Botho can be implemented as part of 4IR and sustainable
development goals through sharing of resources and knowledge culture [53], to ensure equality, and enabling the
machine learning with integration of African norms.
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Table 2. Mapping SDGs onto 4IR elements
Input
Raw materials i.e.,
environment, infrastructure,
architecture

Training
Change Ambassadors or
champions/society
Youth and women
empowerment development
agency
SAWiSA
Studentpreneurship/academic
entrepreneurship
Broadened career guidance
and mentoring
Infrastructure, resources
South African skills
development Act
Curriculum
review,
memorandum
of
understanding,
exchange
programmes

Element of 4th industrial
revolution
Robotics
Spatial planning
Urban regeneration and
cybernetics
Internet of energy and
water
Sustainable
manufacturing

Internet
of people and
Psychology of human
interaction between
machine and a person
(Sundar, 2020)

Output
Smart cities and spaces
Virtual city, urban
cybernetics
Enhanced service
delivery of the eight
green economy thematic
areas
Social entrepreneurship
ecosystem

Virtual training and
automated learning
environment

Sustainable
development goals
Goal 9: Industry,
innovation, and
infrastructure
Goal 6: Access to
clean water
Goal 7: Affordable
and clean energy
Goal 11: Sustainable
cities and communities
Goal 17: Partnership
for achieving the goals
Goal
4:
education

Quality

Goal 5: Gender
equality
Goal 1: No poverty
Goal 8: Decent work
and economic growth

Table 2 can be interpreted as follows: The use of robotics, smart technology and connectivity can help to create jobs
for disabled people and the elderly, to reduce waste, and manage recycling and the reuse of resources (Machado,
2020), in working to meet sustainable goals such as access to services, water and health benefits, and the alleviation
of poverty. 4IR has accelerated food security (de Amorim et al 2019), especially in rural areas where poverty rates
are high.
The current author asserts that lack of quantification of impact of 4IR onto sustainable development goals in South
Africa serves as a research agenda. To date there is no publication on mapping the 4IR and sustainable
development goals in South Africa. According to fourth industrial revolution South Africa (n.d), artificial
intelligence has decreased Greenhouse gas emissions by 13%, improved power efficiency by 11%, helped reduce
waste by 12%. When translating the latter statistics on the current study, the authors deduce that sustainable
development goals, 7 and 9 can be achieved through the fourth industrial revolution to supplement the mapping of
the depicted-on table 2. The adoption, mapping and projection of the 4th industrial revolution onto the South African
economy serves as a missing link and current authors asserts that if the correlation of 4th industrial revolution with
the economy and green economy can be shown will, play a huge role in transitioning in facilitating increased
urgency or agility to adopt the technology.
Reflecting on the challenges related to infrastructure or Wi-Fi connectivity in large parts of South Africa, raised
questions about this country’s readiness for 4IR. To this end a networked readiness index (Burma, 2016) has been
formulated, in which – amongst ten of the leading countries – no African country features.
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Some researchers discovered that the top countries with leading networks and resources are Japan, Singapore, the
United Kingdom, the United States and Turkey, to name but a few (Burma, 2016; Mosconi, 2015; Rüßmann, et al
2015). These latter countries are influenced by several pillars or factors, namely a politically astute leadership, and
environment which fosters business and innovation, suitable infrastructure and digital content, and affordability.
Amongst the factors or pillars confronting a developing country such as South Africa, are challenges of inequality
and funding.
4IR calls for an effort to be made to understand societies, processes and people, and the interaction between the
environment, machines and the economy, thus the evolution of sociotechnical and digital transformation (Asiimwe
and de Kock, 2019; Manda and Ben-Dhaou. 2019) This can be achieved by strengthening the internet of people, and
managing human interactions with machines, keeping in mind the psychological effect, cultures, values and norms
of a particular society.
As some researchers (Anggusti and Siallagan, 2018) assert, 4IR is more effective where processes and
transformations can survive during power cuts, where storage capabilities are available, and there is access to
knowledge.
Reflecting on the challenges in this country, brought on by power cuts and a lack of access to information, training,
development and raising awareness are necessary as technical skills and education is needed within the area. Thus,
4IR requires certain technologies to be broadly used, and related processes must be able to take place, despite power
outages.
Industrialization offers technologies that can be used in e- waste to deal with separation at source and avoid human
degradation, offering less exposure to hazardous waste and chemicals. Affected people should be given an
allowance and/or compensated, to ensure that no one loses his/her job. Citizens should be educated to ensure that
goals such as quality education, health and wellbeing, and decent work for all, become achievable. Rural farming
can be facilitated by means of technology, to ensure access to markets, and achieve the SDG of reducing poverty. In
this regard, a study Quiroz-Niño (2017) asserts that training communities, facilitating technology transfer, and the
use of technology to allow individuals to gain skills and develop, can help to achieve sustainable goals. Training and
development in respect of green technologies may reduce poverty, as members of any society will have the
necessary skills to create and conceive of products or services which allow them to be self-sufficient, to create jobs
and train others. In this regard, NGOs which seek to achieve sustainability, by building green and smart cities, must
be encouraged.
A smart cities model which emphasises communication between rural and urban areas, will serve to accelerate the
SDGs of eradicating poverty thought food security, sustainable agriculture and farming, while using technology to
share knowledge and communicate best practices across regions and countries (Okello, et al., 2019). This meets the
requirement of 4IR to offer augmented solutions across industries, through the integration of systems and people,
and by ensuring sustainability. To achieve that will require new ways of operating and acting, to ensure that there is
efficiency, minimal waste, and a well-equipped and skilled nation.
The latter argument adds to the triple bottom line of environment, people and economy. To reinforce the smart city
model, production or transformation through 4IR can happen anywhere, at any time: for instance, a home may be
turned into a mini factory (Burma, 2016) or best practices in sustainable manufacturing may be communicated
widely, to ensure connectivity and collaboration (Carvalho, et al., 2018). Using 4IR tools to create renewable and
alternative energy will ensure quality and grant equitable access to energy for South African communities, as
reported in a study conducted in Indonesia (Anggusti and Siallagan, 2018). Furthermore, to accelerate access and
reach the objective of granting access to energy, the internet of energy can help to implement social and economic
infrastructure in creating jobs (Lom, et al., 2016, Manda and Ben-Dhaou. 2019)
This objective can be linked to the sustainable development goal of eradicating poverty, and ensuring equitable
access to resources for all. Green building and 4IR require a stronger focus on the design of new equipment and
products, by transforming the production processes to bring about a quality life and reduce energy consumption, in
line with sustainability goals (Nistor and Herman, 2018). How technology can be utilised in food security, is by
ensuring that urban farming technologies reuse water to water plants. Automated heat from other building can be
used to heat plants for growth, as is the case with a heating system adopted in New York (Thomaier, et al 2015). The
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revolution of urban regeneration includes spatial planning and sustainable transportation, digital information,
autonomous cars, and connected digital infrastructure (Choi and Kim, 2017) . This must be linked to equal access to
resources. Industrial psychologists can assist with policy formulation when it comes to the interaction between
people and machines, systems, and processes, to meet the requirements of 4IR.

6. Conclusion

A review of the literature along with the insights which the researcher offered led to the emergence of a conceptual
framework which makes a solid contribution to the body of literature in this regard. An illustration of the elements
of 4IR, and how they can be used to accelerate the transition to attaining the SDGs from a theoretical point of view,
served to answer research questions 1, 2 and 3, on mapping the resources, identifying the stakeholders, as well as
optimizing 4IR in South African markets. The current paper has opened up possibilities for testing and validating the
scope of the identified 4IR elements, in transitioning to the SDGs. The recommendation is that 4IR technologies be
piloted and tested with the eight thematic areas, so that stakeholders’ roles and potential threats can be managed with
tailored programmes to counter resistance to change and influence perceptions. As a point of depature, the
researchers propose that key thematic areas, such as sustainable energy, water, agriculture and transport, be
optimised first. In order to accelerate the thematic area of sustainable energy, renewable and alternative energy can
be implemented in facilitating access, minimising the use of candles and paraffin. The use of osmosis technology,
waste-water treatment and technology can help grant communities access to clean water, by piloting programmes
within the ‘Sustainable water’ thematic area. Digital or e-agricultural technology, urban farming, poultry farming
and the integration of the mix of water, energy and food security, can be piloted in urban and rural areas. Through
digitalisation, efficiencies can be leveraged to minimise nations’ carbon footprint and ensure affordability, while
minimising the number of cars on the road to form part of the pilot stage in the sustainable transport sector. If SDGs
can appropriately be adopted within the South African econo0mic and social systems, ills such as poverty, diseases,
water shortages, energy crieses etc. can be cubed to benefit the rest of Africa as well as other developing countries.

References

Agbemabiese, L., Nkomo, J., and Sokona Y. Enabling Innovations in Energy Access: An African
Perspective. Energy Policy, no. 47, pp 38-47, 2012.
Anthony, B.J and Majid, M.A. Development of a Green ICT Model for Sustainable Enterprise Strategy. Journal of
Soft Computing and Decision Support Systems, vol. 3, no. 3, pp. 1-12, 2016.
Anggusti, M., and Siallagan, H. Sustainable Development in the Wake of the 4th Industrial Revolution in Indonesia.
In IOP Conference Series: Materials Science and Engineering, vol. 420, no. 1, pp. 012103. IOP Publishing,
2018, September.
Asiimwe, M.M and de Kock, I.H. An Analysis of the Extent to which Industry 4.0 has been Considered in
Sustainability or Socio-technical Transitions. South African Journal of Industrial Engineering, vol. 30, no. 3,
pp 41-51, 2019.
Barbier, E. The Policy Challenges for Green Economy and Sustainable Economic Development. In Natural
Resources Forum vol. 35, no. 3, pp. 233-245, 2011.
Bhattacharyya, S.C., and Palit, D., (Eds.). Mini-grids for Rural Electrification of Developing Countries: Analysis
and Case Studies from South Asia pp. 55-e4sv). Springer International Publishing. Springer, 2014.
Brand, U. Green Economy – The Next Oxymoron? No Lessons Learned From Failures of Implementing Sustainable
Development. GAIA-Ecological Perspectives for Science and Society, vol. 21, no 1, pp. 28-32, 2012.
Braun, V., and Clarke, V., Using Thematic Analysis in Psychology. Qualitative Research in Psychology, vol. 3, no.
2, pp 77-101, 2006.
Burma, Z.A. 4th Industrial Revolution and Innovating in the Digital Economy: World and Turkey Values for 2016
by Global Indicators. International Journal of Research in Engineering, IT and Social Sciences, vol. 6, no. 12,
pp. 20-33, 2016.
Carvalho, N., Chaim, O., Cazarini, E., and Gerolamo, M.. Manufacturing in the Fourth Industrial Revolution: A
Positive Prospect in Sustainable Manufacturing. Procedia Manufacturing, vol 21, pp. 671-678, 2018.
Chala, N. and Poplavska. O. The 4th Industrial Revolution and Innovative Labor: Trends, Challenges, Forecasts.
eKMAIR 2017.
Chala, N., and Poplavska. O. Social Responsibility of Business: The Challenges of the 4th Industrial Revolution.,
ekmair publisher 2018.
Choi, C., and Kim, C.I. The 4th Industrial Revolution, Smart Cities, and Sustainable Urban Regeneration: A
Perspective Study. Korean environmental policy society, 61-91, 2017.

IEOM Society International

49

Proceedings of the International Conference on Industrial Engineering and Operations Management
Nsukka, Nigeria, 5 - 7 April, 2022

Choudhary, S., and Patil, N. Green Entrepreneurship: Role of Entrepreneurs in Energy Economics in Nepal. Annual
Research Journal of Symbiosis Centre for Management Studies, vol. 3, no. 1, pp 166-175, 2015.
Creswell, J.W. Research Design: Qualitative, Quantitative and Mixed Methods Approaches (3rd ed). Thousand
Oaks, CA: Sage, 2009.
de Amorim, W. S., Deggau, A. B., do Livramento Gonçalves, G., da Silva Neiva, S., Prasath, A. R., and de Andrade,
J. B. S. O. Urban challenges and opportunities to promote sustainable food security through smart cities and
the 4th industrial revolution. Land Use Policy, vol. 87, pp. 104065, 2019.
de Sousa Jabbour, A. B. L., Jabbour, C. J. C., Foropon, C., and Godinho Filho, M. When titans meet–Can industry
4.0 revolutionise the environmentally-sustainable manufacturing wave? The role of critical success factors.
Technological Forecasting and Social Change, no 132, pp.18-25, 2018.
Diale, CD., Kanakana-Katumba, G.M., and Maladzhi, R.W. Green Entrepreneurship Model Utilising the System
Dynamics Approach: A Review. In 2019 IEEE International Conference on Industrial Engineering and
Engineering Management (IEEM) (pp. 384-389). IEEE, 2019.
Dutton, H. W. Putting Things to Work: Social and Policy Challenges for the Internet of Things. Info, vol. 16, no. 3
pp. 1–21, 2014.
Fourth industrial revolution South Africa. Reports, retrieved from https://www.4irsa.org/news/research-institutemakes-a-case-for-ai-in-combating-climate-change/, 13 February, 2022.
Ghobakhloo, M. The Future of Manufacturing Industry: A Strategic Roadmap Toward Industry 4.0. Journal of
Manufacturing Technology Management, Vol. 29 No. 6, pp. 910-936, 2018.
Gossage, W.G., Silverstone, Y., and Leach, A . The Change Capable Organization. Journal of High Performance
Business, Vol 1 pp 1-11. 2010.
Greent. Attempt to define green entrepreneurship. Retrieved January 20 2020 http://greentproject.eu/wpcontent/uploads/2016/01/Definition-green-entrepreneurship.pdf
Höjer, M., and Wangel, J. Smart Sustainable Cities: Definition and Challenges. In ICT innovations for sustainability
Cham: Springer, pp. 333-349, 2015.
Kajee, N., Sobngwi, E., Macnab, A., and Daar, A.S. The Developmental Origins of Health and Disease and
Sustainable Development Goals: Mapping the Way Forward. Journal of Developmental Origins of Health and
Disease, vol 9, no. 1, pp. 5-9, 2018.
Kotter, J.P., and Schlesinger, L.A. Choosing Change Strategies. Harvard Business Review, vol. 86, no 7, pp.130139, 2008.
Liao Y, Loures ER, Deschamps F, Brezinski G, Venâncio A. The impact of the fourth industrial revolution: a crosscountry/region comparison. Production. 2018 Jan 15;28.
Lom, M., Pribyl, O., and Svitek. M. Industry 4.0 as a Part of Smart Cities. In 2016 Smart Cities Symposium Prague
(SCSP) (pp. 1-6). IEEE, 2016, May.
Lu, Y. Industry 4.0: A Survey on Technologies, Applications and Open Research Issues. Journal of Industrial
Information Integration, vol. 6, pp. 1-10, 2017.
Luthans, F. Organizational Behaviour: An Evidence-based Approach 14thed. Information age publisher, 2021.
Machado, C.G., Winroth, M.P., and Ribeiro da Silva, E.H.D. Sustainable Manufacturing in Industry 4.0: An
Emerging Research Agenda. International Journal of Production Research, vol 58, no. 5, pp. 1462-1484,
2020.
Maksimovic, M., Greening the Future: Green Internet of Things (G-IoT) as a Key Technological Enabler of
Sustainable Development. In Internet of Things and Big Data Analytics: Toward Next-generation
Intelligence. Cham: Springer, pp. 283-313, 2018.
Manda, M.I., and Ben Dhaou, S. Responding to the Challenges and Opportunities in the 4th Industrial Revolution in
Developing Countries. In Proceedings of the 12th International Conference on Theory and Practice of
Electronic Governance (pp. 244-253), 2019, April.
Mihigo, E. Culture within the 4th industrial revolution: how botho can help blockchain become a key driver of
sustainable development in botswana, 2019.
Miller, D. Successful Change Leaders: What Makes Them? What Do They Do That is Different? Journal of Change
Management, vol. 2, no. 4, pp. 359-368, 2001.
Moavenzadeh, J. The 4th Industrial Revolution: Reshaping the Future of Production. DHL Global Engineering and
Manufacturing Summit, Amsterdam, The Netherlands, pp. 6-8, 2015.
Morrar R, Arman H, Mousa S. The fourth industrial revolution (Industry 4.0): A social innovation perspective.
Technology Innovation Management Review. 2017 Nov 1;7(11):12-20.

IEOM Society International

50

Proceedings of the International Conference on Industrial Engineering and Operations Management
Nsukka, Nigeria, 5 - 7 April, 2022

Mosconi. F. The New European Industrial Policy: Global Competitiveness and the Manufacturing Renaissance.
Oxford: Routledge, 2015.
Nhamo, G. Green Economy Readiness in South Africa: A Focus on the National Sphere of
Government. International Journal of African Renaissance Studies-Multi-, Inter-and Transdisciplinarity, vol.
8, no. 1, pp. 115-142, 2013.
Niravita, A. Social Injustice in the Industrial Revolution 4.0. Indonesian Journal of Advocacy and Legal Services,
vol. 1, no. 2, pp. 163-168, 2020.
Nistor, C., and Herman, R. Sustainable Management and Entrepreneurship in the Field of Green Buildings in the
context of the 4th Industrial Revolution. Manager, vol. 28, pp.109-126, 2018.
O’Brien, K. Global Environmental Change II: From Adaptation to Deliberate Transformation. Progress in Human
Geography, vol 36, no.5, pp 667-676, 2012.
Okello, G.O., Saina, E., and Ngode, L. Analysis of Institutional Factors Influencing Adoption of Zero-grazing Dairy
Farming Technology among Smallholder Farmers in Bondo Sub-County, Kenya. Asian Journal of Agricultural
Extension, Economics and Sociology, 1-12, 2019.
Oyedepo, S.O., Energy and Sustainable Development in Nigeria: The Way Forward. Energy, Sustainability and
Society, vol. 1, no 2, pp. 15, 2012.
Palmer, M. Leaders Supporting Employees Through Organizational Change, 2022
Pîrvu, B.C., and Zamfirescu, C.B. Smart Factory in the Context of 4th Industrial Revolution: Challenges and
Opportunities for Romania. In IOP Conference Series: Materials Science and Engineering vol. 227, no. 1, pp.
012094, IOP, 2017, August.
Pruyt, E Small System Dynamics Models for Big Issues: Triple Jump Towards Real-World Complexity. TU Delft
Library, Delft, The
Quiroz-Niño, C., and Murga-Menoyo, M.A. Social and Solidarity Economy, Sustainable Development Goals, and
Community Development: The Mission of Adult Education and Training. Sustainability, vol. 9, no. 12, 2164, 2017.
Ramli, S., Rasul. M.S., and Affandi., H. Fourth Industrial Revolution (4IR). International Journal of Academic
Research in Business and Social Sciences, vol. 8, no. 9, 2018.
Roundy. P.T. Start-up Community Narratives: The Discursive Construction of Entrepreneurial Ecosystems. Journal
of Entrepreneurship, vol 25, no. 2, pp. 232-248, 2016.
Rüßmann, M., Lorenz, M., Gerbert, P., Waldner, M., Justus, J., Engel, P. and., Harnisch. M Industry 4.0: The
Future of Productivity and Growth in Manufacturing Industries. Boston Consulting Group, vol. 9, no. 1, pp.
54-89, 2015.
Safiullin, A., Krasnyuk, L., and Kapelyuk, Z. Integration of Industry 4.0 Technologies for “Smart Cities”
Development. In IOP Conference Series: Materials Science and Engineering vol. 497, no. 1, p. 012089. IOP
Publishing, 2019.
Schwab, K. The Fourth Industrial Revolution. Currency. World economic forum, 1st edition Crown business
publisher, 2017.
Smith, K.H. What is the 'Knowledge Economy'? Knowledge Intensity and Distributed Knowledge Bases (Doctoral
dissertation, United Nations University, Institute for New Technologies), 2002.
Sundar, S.S. Rise of Machine Agency: A Framework for Studying the Psychology of Human–AI Interaction
(HAII). Journal of Computer-Mediated Communication vol 25 (1), 74-88., 2020.
Thomaier, S., Specht, K., Henckel, D., Dierich, A., Siebert, R., Freisinger, U.B., and Sawicka, M.. Farming in and
on Urban Buildings: Present Practice and Specific Novelties of Zero-Acreage Farming (ZFarming). Renewable
Agriculture and Food Systems, vol. 30, no 1, pp. 43-54, 2015.
Thompsom., E.M. What Makes a City ‘Smart’? International Journal of Architectural Computing, vol. 14, no. 4, pp.
358-371, 2016.
Townsend, J.H., and Coroama, V.C. Digital Acceleration of Sustainability Transition: The Paradox of Push
Impacts. Sustainability, vol. 10, no. 8, pp. 2816, 2018.
UNEP. United Nations Environment Programme 2004 annual report. Retrieved 29 Nov 2018 from
https://wedocs.unep.org/bitstream/handle/20.500.11822/22353/2004_Evaluation_Report.pdf?sequence=1andis
Allowed=y, 2005.
Vinger, G. and Ciliers, F. Effective Transformational Leadership Behaviours for Managing Change. South African
Journal of Human Resource Management, vol. 4, no. 2, pp. 1-9, 2006.
Waddell, D., Creed, A., Cummings, T. G., and Worley, C. G., Organisational change: Development and
transformation. Cengage AU, 2019

IEOM Society International

51

Proceedings of the International Conference on Industrial Engineering and Operations Management
Nsukka, Nigeria, 5 - 7 April, 2022

Zhou, K., Liu, T., and Zhou, L. Industry 4.0: Towards Future Industrial Opportunities and Challenges. In 2015 12th
International Conference on Fuzzy Systems and Knowledge Discovery (FSKD) pp. 2147-2152. IEEE, 2015,
August.

Biography

Ms Carol Dineo Diale is a registered Industrial Psychologist, a lecturer, a registered industrial psychologist at
Rhodes University as well as a PhD candidate in the multidisciplinary field of green entrepreneurship, green
economy, and system dynamics [industrial engineering] at Unisa, South Africa.
Dr Mukondeleli Grace Kanakana-Katumba is an Executive Dean in Faculty of Engineering and the Built
Environment at Tshwane University of Technology, an industrial engineer, and a PhD supervisor to Ms Diale.
Professor Rendani Maladzhi is an associate professor and Head of Department of Mechanical Engineering at
Unisa, South Africa.
Professor Hartmut von der Ohe is an associate professor at Unisa in the Industrial and Organizational.

IEOM Society International

52

