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Preface

On behalf of the Organizing Committee, I welcome you to the International Conference on
Development and Investment in Infrastructure (DII-2024). The DII-2024 conference is part
of the DII Conference series on Infrastructure Development and Investment in Africa. It
aims to provide an international forum for leaders, researchers, practitioners and other
stakeholders in infrastructure development to discuss and dev ways of maximizing benefits
from infrastructure development in Africa and achieve outputs that will inform policy.

The 2024 conference, themed “Development and Investment in Infrastructure in Developing
Countries: a 10-year reflection” will address a broad range of topics around infrastructure to
evaluate and draw lessons on innovations, empowerment, growth and sustainable
development.

The broad topics covered by the conference include:

Sustainability in Infrastructure Development

Infrastructure Investment - Trends and Forecasts

Smart Infrastructure and Cities

Quality and Resilient Infrastructure

Gender Equity, Empowerment, and Development

BIM, Digital Twins, Mixed Reality, 3D Printing and Construction Innovation
Climate Change, Shock Events Impact, Response and Water Resources
Environmental and Waste Management

Investment and Finance

10. Renewable Energy

11. Construction Cost management

12. Construction Materials

13. Lean Construction and Value Engineering

14. Construction Ergonomics, Health, and Safety

15. Social Justice and Social Inequality in Construction

16. Circular Economy in Construction

XA LN =

Warm gratitude is extended to the authors who have successfully gone through a two-tier
peer-review process to have their papers accepted and published in this proceeding. The peer-
review process would have been impossible without the support of the Scientific and
Technical Review Committees (STC) members. The organizing committee is thankful for
this voluntary service central to the quality of the accepted papers.

Special thank you also goes to all the conference delegates from different continents. Thank
you for attending the event.

Innocent Musonda
For/DII-2024
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Every effort was made to ensure accuracy in this publication. However, the publishers and
editors make no representation, express or implied, concerning the information contained in
these proceedings and cannot accept any legal responsibility or liability in whole or in part
for any errors or omissions that article contributors may have made.
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Scientific Reviewers

The panel of scientific reviewers comprised experts from the built environment who ensured
the originality of material, academic rigour, contribution to knowledge, critical current lit-
erature review, research methodology and robustness of findings, empirical research find-
ings, and overall quality and suitability for inclusion in the conference proceedings

Prof. Walied H Elsaigh, University of South Afiica, South Africa

Prof. Sing S Wong, University College of Technology, Sarawak, Malaysia
Prof. Sam Zulu, Leeds Beckett University, United Kingdom

Prof. Riza Sunindijo, University of New South Wales

Prof. Nuru Gambo, Abubakar Tafawa Balewa University, Bauchi, Nigeria
Prof. Nthatisi Khatleli, University of the Witwatersrand, South Africa
Prof. Mbuyu Sumbwanyambe, University of South Africa, South Africa
Prof. Lovemore Chipungu, University of Kwazulu, Natal, South Africa
Prof. Justus Agumba, Tshwane University of Technology, South Africa
Prof. Godfrey Okon Udo, University of Uyo, Nigeria

Prof. Ephraim Munshifwa, Copperbelt University, Zambia

Prof. David Oloke, University of Brighton, United Kingdom

Prof. Chioma Okoro, University of Johannesburg, South Africa

Prof. Ayodeji O Aiyetan, Durban University of Technology, South Africa
Prof. Abel Olaleye, University of Johannesburg, South Africa

Dr Victor Samwinga, Northumbria University, United Kingdom

Dr Tinoapei Dhliwayo, Namibia University of Science and Technology (NUST), Namibia
Dr Simphiwe Gogo, University of Johannesburg, South Africa

Dr Ringisai Dhliwayo, Namibia University of Science and Technology (NUST), Namibia
Dr Nelly Chunda Mwango, The Copperbelt University, Zambia

Dr Ndaleni Rantsatsi, University of Johannesburg, South Africa

Dr Nalumino Akakandelwa, University of West England, United Kingdom
Dr Nadine Ibrahim, University of Waterloo, Canada

Dr Mehdi Pourmazaherian, University Technology Malaysia

Dr Lindelani Matshidze, University of the Witwatersrand, South Africa
Dr Kenneth Park, Aston University, England, United Kingdom

Dr Iruka Anugwo, Durban University of Technology, South Africa

Dr George Onatu, University of Johannesburg, South Africa

Dr Ephraem Silayo, Ardhi University, Tanzania

Dr Edoghogho Ogbeifun, University of Jos, Nigeria

Dr Dorothy Eneya, Malawi University of Business and Applied Sciences, Malawi
Dr Devon Gwaba, United States

Dr Charles Kahanji, University of Zambia, Zambia

Dr Bupe Getrude Mutono, Mwanza, University of Zambia, Zambia

Dr Alice Lungu, Copperbelt University, Zambia
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The Peer-Review Process

The need for high-quality conference proceedings, evident in the accepted and published
papers, entailed a rigorous two-stage blind peer review process by no less than two
acknowledged experts in the subject area. Experts, including industry professionals and
academics, were assigned to ensure that high standards of scientific papers were produced
and included in the proceedings.

The first stage of the review

Submitted abstracts were twice blind reviewed. Each abstract was examined to ensure rele-
vance to the conference theme and objectives, academic rigour, contribution to knowledge,
originality of material and research methodology. Authors whose abstracts were accepted
were provided with anonymous reviewers’ comments and requested to develop and submit
their full papers considering the abstract review comments.

The second stage of the review

Reviewers were assigned the submitted full papers according to their expert. The full papers
were reviewed to ensure relevance to the conference theme and objectives, originality of
material, academic rigour, contribution to knowledge, critical literature review, research
methodology, robustness of analysis of findings, empirical research findings, overall quality
and suitability for inclusion in the conference proceedings.

Third stage review

Authors whose papers were accepted after the second review were provided with additional
anonymous reviewers’ comments on evaluation forms and requested to submit their revised
full papers. Evidence was required relative to specific actions taken by the authors regarding
the referees’ suggestions. After satisfactory evidence was provided, final papers were only
accepted and included in the proceedings.

To be eligible for inclusion, these papers were required to receive a unanimous endorse-
ment by all the reviewers that the paper had met all the conditions for publication. Of
107 submissions, 68 papers were finally accepted and included in the DII-2024 conference
proceedings. The review process was managed on the Oxford abstract system.

At no stage was any member of the Scientific Review Panel, the Organising Committee,
or the editors of the proceedings involved in the review process related to their own authored
or co-authored papers. The role of the editors and the scientific committee was to ensure that
the final papers incorporated the reviewers’ comments and to arrange the papers into the
final sequence as captured in the Proceedings.

Regards,

Innocent Musonda
Chair: Scientific Programme
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Peer Review Process (PRP) Confirmation

On behalf of the DII-2024 International Conference on Infrastructure Development and
Investment Strategies for Africa, I confirm that the manuscripts accepted for oral pre-
sentation and publication in the Conference proceedings were blind peer-reviewed by two (2)
or more technical specialists.

The reviewers were selected from the experts in the Scientific and Technical Review
Committee. To be eligible for inclusion, the papers, reviewed through a three-stage review
process (abstract, full paper and final paper), received unanimous endorsement by all the
reviewers that they had met all the conditions for publication. All accepted manuscripts will

be published via the conference proceedings.

Regards,
Dr Neema Kavishe
Leeds Becket University
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Keynote Address Abstracts

Mr Chuene Ramphele
Keynote Topic: Infrastructure Development in
Developing Countries: Reflections on building better
Abstract: Challenges that developing countries experi-
ence with regard to development and investment in
infrastructure continue to be complex, intricate and fast-
paced. The ability of developing countries’ institutions
to deliver infrastructure is lacking behind and incon-
gruent by far. Simply put, the infrastructure needs in
developing countries far surpass the capacity of fiscus
exacerbated by negative economic growth across many.
For example, the economic development in the South
African Development Communities (SADC) has for the
past 10 years achieved annual average GDP growth of around 2.0% and the funds in the
region have to achieve the scale and impact needed to enable sufficient cross-border inte-
gration that indicates economies of scale. Foreign Direct Investment flows into SADC have
averaged 2.2% (US$16 bn) of the GDP over the last 10 years but landed below the historic
average at only 1.5% (US$12.5 bn) of GDP in 2022. Consequently, developing countries
tend to be forced to exercise a balancing act, which is often difficult, on regional and
domestic priorities. Development and investment in infrastructure are critical for economic
growth and building prosperity. However, the infrastructure financing gap is increasingly
widening each year with African Development Bank estimating between $130 billion and
$170 billion annually required for infrastructure development leaving a gap of $100 billion.
It has become sacrosanct for developing countries to focus on leveraging regional integration
to build resilient economies. Innovation in development, financing, execution and main-
tenance is key to driving sustainable initiatives focusing on mission-critical infrastructure
networks — energy, freight transport, water and digital communication. The past 10 years
demonstrated that the future of development and investment in infrastructure depends on
intensifying the project preparation and development facilities, Governments increasing
fiscus commitments on infrastructure investment to at least 4.5% - 6% of GDP and estab-
lishing regional financing mechanisms that will stimulate private sector investments.

Dr Nadine Ibrahim

Keynote Topic: Engineering Education in Sub-Saharan
Africa: Developing Talent through Innovation and
Collaboration

Abstract: A review of engineering education in Sub-
Saharan Africa highlights several key trends that toge-
ther indicate a path forward for advancing engineering
education in Africa, with implications for the higher
education sector more broadly. Specifically, the authors
take a lens of developing talent through innovation and
collaboration. We draw on critical reflections provided
by various deans, heads of departments, and faculty
members in engineering schools in Africa, and various
secondary data sources. First, we underline the necessity
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to enhance the quantity and quality of engineering talent in Africa, particularly in the Sub-
Saharan Africa (SSA) region, in light of key global trends including rapid urbanisation,
climate change and population growth. Second, we explore the disconnect between the
supply and demand for African engineering talent and discuss some of the key contributing
factors. We derive from this disconnect not only the need for greater investment in higher
education but also the need for pedagogical innovations and global collaboration. Third, we
highlight new educational opportunities that have arisen due to the culmination of trends
toward rapid expansion of internet access in Africa and recent pedagogical innovations that
enhance the quality of education using modern information and communication technolo-
gies. Fourth, we review some of the innovative approaches and organisations in Africa that
are using modern communication technologies to enhance the quality of and access to
educational opportunities. Lastly, we call for deeper and more innovative educational col-
laborations involving institutions both within and outside Africa that capitalise on emerging
opportunities emanating from a more interconnected global society.

Engr Bridget Ssamula
Keynote Topic: Smart and Resilient Infrastructure for
Emerging Economies: Perspectives on Building Better
Abstract: Infrastructure development is a cornerstone
for economic advancement, especially in emerging
markets where resilient systems can drive growth and
prosperity. This keynote addresses the pivotal role of
infrastructure in economic development, emphasizing
the necessity of resilience and sustainability in design
and implementation to meet evolving demands. In
emerging economies, infrastructure is crucial for service
delivery across sectors such as education, healthcare,
water supply, and transportation. Aligning infra-
structure development with the United Nations Sustainable Development Goals (SDGs)
ensures inclusive and equitable growth. This keynote explores how smart infrastructure can
bridge gaps in service delivery, promoting access to quality education, healthcare, and
essential services, thereby uplifting communities and driving sustainable development. The
discourse centres on four pillars shaping the engineering response to infrastructure chal-
lenges in emerging economies: equity, engineering education, sustainability through the
lifecycle, and innovation in design and technology. Equity-focused infrastructure prioritises
inclusivity and access for all segments of society, particularly marginalised and underserved
communities, driving social cohesion and economic empowerment. A paradigm shift in
engineering education is essential, integrating sustainability principles, advanced technolo-
gies, and interdisciplinary approaches to equip future engineers with the skills necessary for
designing and implementing resilient infrastructure. Sustainability at every stage of infra-
structure delivery, from planning and design to construction, operation, and maintenance,
minimises environmental impact and ensures long-term viability and resilience against cli-
mate change and other disruptions. Leveraging cutting-edge technologies such as IoT, Al,
and smart materials creates infrastructure that is adaptive, efficient, and resilient, optimizing
resource use, enhancing operational efficiency, and providing real-time data for proactive
maintenance and management. By focusing on these pillars, we can create a blueprint for
smart and resilient infrastructure that supports the socio-economic development of emerging
economies. This keynote presents case studies and best practices from around the world,
demonstrating how integrated and sustainable infrastructure can drive progress towards a
more equitable and prosperous future. Building better in emerging economies requires a
concerted effort to design and implement infrastructure that is resilient, sustainable,
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inclusive, and equitable. By aligning with global sustainability goals and harnessing inno-
vation, we can pave the way for a brighter and more sustainable future for all.

Ms Suma Stephen Mwaitenda
Keynote Topic: Inclusive Infrastructure: A Tale of an
African Woman
Abstract: Inclusive infrastructure is simply development
that enhances positive outcomes in social inclusivity and
ensures no individual, community, or social group is left
behind or prevented from benefiting from improved
infrastructure. How then do we come about to have
integrated, reliable and affordable transport, water,
energy and information & communications infra-
structure? At this 10th anniversary of DII, a forum for
leaders, researchers, practitioners, and stakeholders in
infrastructure development. Over the years we have dis-
cussed, evaluated and developed ways of maximising the benefits of infrastructure develop-
ment and achieved outputs to inform policy and wider development goals. Are we winning?
This keynote objectively addresses inclusive infrastructure at three stakeholders’ levels, the
industry, policy makers and the woman herself. At a time when technology and innovation are
booming when the world seems to be as connected as ever, mega infrastructure projects across
Africa, capacity building and capacity development initiatives as well as sustainability
initiatives. Can we finally tell a tale of triumph? Or hope to live to tell of it?

Mr George Kanyika
Keynote Topic: Infrastructure Development as an Agent
of Socio-Economic Transformation in South Africa
Abstract: Infrastructure development in South Africa is
pivotal for socio-economic transformation, requiring
meticulous planning to ensure successful outcomes.
Poorly designed projects can disenfranchise intended
beneficiaries, highlighting the need for key enablers
focused on applicability and measurability. South
Africa has significantly invested in infrastructure to
improve citizen livelihoods and address Apartheid-
induced imbalances. President Cyril Ramaphosa
emphasises infrastructure’s role in achieving develop-
mental goals, highlighting its potential to improve lives, provide essential services, expand
economic opportunities, create jobs, and boost business competitiveness. Infrastructure
development, encompassing tangible assets and intangible systems, shapes the built envir-
onment, facilitates activities, and promotes sustainable growth. Successful infrastructure
projects require careful planning, efficient implementation, and effective management to
achieve socio-economic benefits. Enhanced connectivity, improved productivity, job crea-
tion, investment attraction, and social development are key outcomes of robust infra-
structure. Policymakers, planners, and stakeholders must address critical success factors to
ensure these benefits and improve community quality of life. The “Inkululeko Development
Projects” in Ndumo village serves as a case study, demonstrating significant rural transfor-
mation through targeted infrastructure investment. Twelve years post-implementation,
questions are regarding employment sustainability, investment success without downstream
activities, and community alignment with infrastructure goals. These inquiries guide eva-
luations of infrastructure programs, offering insights for replicating successful models across
South Africa, aligned with the District Development Model (DDM).
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Arch Mundashi Alex Mwango
Keynote Topic: Developing a Checklist for Sustainable
Housing in Zambia
Abstract: Checklists for rating the viability of housing
proposals remain an essential tool for any Local
Authority to regulate the development of housing set-
tlements within their jurisdiction. They ensure that the
prevailing human settlement policy, which informs local
building codes, standards or regulations, is incorporated
in the design and implementation of housing projects.
This paper sets out to advocate for the formulation of a
rapid desktop checklist that will incorporate indigenous
building practices drawn from informal housing, the
2016 Sustainable Housing Guidelines for Zambia (SHGZ), and the Triple Bottom Line
principles of Sustainable Development (SD) to promote sustainable housing in Zambia. It
draws on the experience of the speaker working in both the formal and informal housing
sectors and argues for policies related to social justice, environmental protection and eco-
nomic development to be integrated into a checklist that will be used to rate the sustain-
ability of housing proposals by Local Authorities. This should be developed in partnership
with private and public stakeholders in the formal and informal housing sector and will
replace the old pre-independence standards that are currently used. The fusion of formal and
informal practices and the SHGZ objectives will consequently lead to a housing landscape in
Zambia that conforms with local SD principles and urban policies. The overarching goal of
the checklist is the implementation of affordable and acceptable sustainable housing that has
Indigenous practices at its core and is a monumental step in achieving local SD goals.

Engr Wesley Kaluba
Keynote Topic: Zambia’s National Road Tolling
Programme: Its Sustainability and Benefits
Abstract: The National Road Tolling Programme is a
strategic initiative by the Zambian government aimed at
enhancing the country’s road infrastructure through
sustainable financing mechanisms. Since its inception,
the programme has significantly contributed to the
maintenance and expansion of Zambia’s road network.
This tolling programme provides a steady stream of
revenue for road maintenance and development, redu-
cing the dependency on external funding and govern-
ment budgets. With dedicated funds, we have seen
notable improvements in the quality of our roads, leading to reduced vehicle operating costs
and enhanced road safety. The Engineering Institution of Zambia (EIZ) provides technical
expertise to ensure that road projects meet the highest engineering standards. Our members
are actively involved in the planning, design, and supervision of road construction projects.
We invest in the continuous professional development of our engineering professionals,
equipping them with the latest skills and knowledge to tackle infrastructure challenges
effectively. EIZ engages with policymakers to advocate for sound infrastructure policies and
regulations that promote sustainability and innovation in the road sector. As the voice of the
profession, EIZ is uniquely positioned to drive collaborations with government, businesses,
communities, and experts to upgrade infrastructure and make it climate change resilient.
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Editor Biographies

Innocent Musonda holds a PhD in Engineering Management and qualifications in con-
struction management and civil engineering. He is a registered civil engineer (Zambia),
construction manager (South Africa), and a full member of the chartered institute of the
building (CIOB-UK) and the International Council for research and Innovation in Building
and Construction (CIB). He has worked for both the public and private sectors in Southern
Africa. He is currently a Professor in Construction Project Management, researcher, invited
speaker, founder and director of the Centre for applied research and innovation in the built
environment (CARINBE) based at the University of Johannesburg.

Erastus Mwanaumo holds among other certificates a PhD, MSc and BSc specialising in
Engineering, Project and Construction Management. He is former Vice President for the
African region of the Chartered Institute of Building. He is a Fellow of the Chartered
Institute of Building (FCIOB), a registered civil engineer, construction Project manager,
Chartered Surveyor with Royal Institute of Chartered Surveyor (MRICS) and member of
the Dispute Resolution Board Foundation. Erastus has raised over US$ 7.6 Million
of research funds from European Union, Royal British Academy, Royal Academy of
Engineering, and African Development Bank as Principal and Co-Principal Investigator. He
has coordinated funds for Infrastructure and improving workshops and laboratory equip-
ment in excess of US$4 Million. He has delivered research and professional guest speeches in
over 18 countries globally, supervised over 82 Master and 11 PhD Candidates to completion,
including examination of 18 PhD theses in his fields of specialisation. Erastus also consult
for World bank, European Union, NTU Strategic Development Consultants of Denmark,
AECOM and DFID of UK. He is currently serving as one of the Examiner and Patent
Reviewer for African Regional Intellectual Property Organization (ARIPO) in technological
advancement for economic, social, technological, scientific and industrial development.

Adetayo Onososen holds a PhD in Construction Management and qualifications in Quantity
Surveying with interests in researching Sustainable Infrastructure delivery. He is a dis-
tinguished interdisciplinary researcher specializing in digital innovations at the nexus of
BIM, Digital Twins, drones, robotics, and Extended Reality applications, particularly
Virtual Reality, with a strong focus on enhancing learning experiences.

Retsepile Charity Kalaoane holds a PhD in Urban and Regional Planning from the
University of Johannesburg, specializing in transportation systems, spatial analysis, urban
planning, GIS, and digital transformation. At the Centre for Applied Research and
Innovation in the Built Environment (CARINBE), she leads projects on sustainable mobility
systems, electric vehicles, and optimizing sustainable urban mobility. Retsepile has pio-
neered numerous research efforts and led initiatives in urban mobility in MASERU, the
urban informal economy and inclusive cities, and sustainable modes of transportation.

XXXiil



https: || taylorandfrancis.
COMt-


https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com

Development and Investment in Infrastructure in Developing Countries — Musonda et al (Eds)
© 2025 The Editors, ISBN 978-1-032-77048-2
Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license

List of Contributors

B w

SYmNaw

O

11.

12.

13.
14.
15.

16.
17.
18.
19.
20.

21.

22.

23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34.

. Abdullahi Baba Ahmed, Department of Project Monitoring, Implementation & Results

Delivery, The Governor’s Office, Kaduna, Nigeria
Abdullahi Umar, Department of Civil Engineering & Quantity Surveying, Military
Technological College, Muscat, Oman, Muscat, Oman
Abel Olaleye, University of Johannesburg, Johannesburg, South Africa
Abubakari Malik, Malawi University of Business and Applied Sciences, Blantyre,
Malawi
Adetayo Onososen, University of Johannesburg, Johannesburg, South Africa
Ajalah Musa Yahaya, Department of Building, University of Jos, Nigeria, Jos, Nigeria
Alfred Rapitsi Rasebotsa, Tshwane University of Technology, Pretoria, South Africa
Alice Lungu, Copperbelt University, Kitwe, Zambia
. Andisa Andy Mufungizi, University of Johannesburg, Johannesburg, South Africa
Angela Petro Qadwe, Malawi University of Business and Applied Sciences, Blantyre,
Malawi
Anthony Sholanke, Department of Architecture, Covenant University, Ota, Ogun State,
Nigeria
Aphanie Binja Murhunzi, Covenant University, Ota, Ogun State, Nigeria, Institut
d'Enseignement Superieur de Ruhengeri, Musanze, Rwanda
Atotwe Mpetemoya, The University of Zambia, Lusaka, Zambia
Ayodeji Aiyetan, Durban University of Technology, Durban, South Africa
Bahiru Bewket Mitikie, Department of Civil & Environmental Engineering and
Building Science, University of South Africa, Johannesburg, South Africa
Balimu Mwiya, University of Zambia
Basiiraa Moosa, University of Johannesburg, Johannesburg, South Africa
Beatrice Tarimo Ardhi University, Dar es Salaam, Tanzania
Bekithemba Mpofu, Integrated Properties, Harare, Zimbabwe
Belachew Demiss, Department of Civil Engineering & Environmental Engineering and
Building Science, University of South Africa, Johannesburg, South Africa
Benson Wekesa, CSIR (Council for Scientific and Industrial Research), Pretoria, South
Africa
Benviolent Chigara, National University of Science and Technology, Bulawayo,
Zimbabwe
Blessing Ayodabo, Durban University of Technology, Durban, South Africa
Brian Mwape, Copperbelt University, Kitwe, Zambia
Brian Tholanah, National University of Science and Technology, Bulawayo, Zimbabwe
Charles Kahanji, The University of Zambia, Lusaka, Zambia
Chibulu Luo, University of Toronto, Canada
Chioma Okoro, University of Johannesburg, Johannesburg, South Africa
Chipozya Tembo, Copperbelt University, Kitwe, Zambia
Christian Nsabimana, Malawi University of Business and Applied Sciences, Blantyre,
Malawi
Cletus Moobela, Edinburgh Napier, Scotland, United Kingdom
Cleverness Mashava, University of South Africa, Johannesburg, South Africa
Constant Mahame, Ardhi University, Dar es Salaam, Tanzania
Cynthia Moyo, Department of Construction Management, Nelson Mandela University,
Gqeberha, South Africa

XXXV



35.
36.
37.
38.

39.
40.
41.

42.

43.
44.

45.
46.
47.
48.
49.
50.
51

52.
53.
54.
55.

56.
57.
58.

59.

60.

6l.
62.
63.

64.
65.
66.
67.

68.
69.
70.
71.

72.
73.

Daniel Brobbey, The University of Zambia, Lusaka, Zambia

David Olukanni, Covenant University, Ota, Ogun State, Nigeria

Eileen Chikanta, Copperbelt University, Kitwe, Zambia

Emma Senkoro, Department of Civil Engineering, Covenant University, Ota, Ogun
State, Nigeria

Emmaculate Ingwani, University of Venda, Thohoyandou, South Africa

Eric Makokwa, Copperbelt University, Kitwe, Zambia

Ephraim Zulu, Department of Built Environment, Faculty of Science and Engineering,
Anglia Ruskin University, United Kingdom

Faranani Gethe, School of Construction Economics and Management, University of the
Witwatersrand, Johannesburg, South Africa

Fatma Mohamed, University of Dar es Salaam, Tanzania

Francis Mulolani, Department of Electrical Engineering, Faculty of Engineering,
Copperbelt University, Zambia

Franco Muleya, Copperbelt University, Zambia

George Nkere, University of Johannesburg, Johannesburg, South Africa

George Onatu, University of Johannesburg, Johannesburg, South Africa

Gilbert Siame, University of Zambia

Godfred Fobiri, Kumasi Technical University, Kumasi, Ghana

Godwin Maro, Ardhi University, Dar es Salaam, United Republic of Tanzania

Grant Kululanga, Malawi University of Business and Applied Sciences, Blantyre,
Malawi

Happison Muzioreva, University of Johannesburg, Johannesburg, South Africa
Harriet Eliufoo, Ardhi University, Dar es Salaam, United Republic of Tanzania
Ignasio Ngoma, Malawi University of Business and Applied Sciences, Blantyre, Malawi
Innocent Kafodya, Malawi University of Business and Applied Sciences, Chichiri,
Blantyre, Malawi

Innocent Makoza, Ardhi University, Dar es Salaam, United Republic of Tanzania
Innocent Musonda, CARINBE, University of Johannesburg, Johannesburg, South Africa
Iruka Chijindu Anugwo, Department of Construction Management & Quantity
Surveying, Durban University of Technology, Durban, South Africa

Jackie Senosha, University of Johannesburg, School of Civil Engineering and The Built
Environment, South Africa

Jacqueline Kokutensa Nshunju, Centre of Applied Research and Innovation in Built
Environment University of Johannesburg, Johannesburg, South Africa

Jeffrey Mahachi, University of Johannesburg, Johannesburg, South Africa

Josephine Mutwale, Copperbelt University, Kitwe, Zambia

Justus Ngala Agumba, Tshwane University of Technology, Pretoria, Gauteng Province,
South Africa

Kahilu Kajimo Shakantu, University of Free State, Bloemfontein, South Africa
Kelobonye Keone, University of Botswana, Gaborone, Botswana

Kelvin Mutseta, National University of Science and Technology, Bulawayo, Zimbabwe
Khumbo Kalulu, Malawi University of Business and Applied Sciences, Blantyre,
Malawi

Khwathelani Tshifularo, University of Johannesburg, Johannesburg, South Africa,
Johannesburg, South Africa

Kimata Malekela, Ardhi University, Dar es Salaam, United Republic of Tanzania
Lerato Morojele-Zwane, University of Johannesburg, Johannesburg, South Africa
Linos Kasokota, Malawi University of Business and Applied Sciences, Chichiri,
Blantyre, Malawi

Lukman Saliu, Ardhi University, Dar es Salaam, Tanzania

Mahadi Ahmad Almahdi, Islamic Financial Services Board (IFSB), Kuala Lumpur-
Malaysia, Kuala Lumpur, Malaysia

XXXV1



74.
75.
76.

71.
78.
79.
80.
81.
82.
83.

84.
85.
86.
87.
88.
89.
90.
91.
92.

93.
94.
9s.

96.
97.

98.

99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.

111.
112.

Masedi Sesele, Development Bank of Southern Africa, Midrand, South Africa
Melany Lotter, University of Johannesburg, Johannesburg, South Africa
Melusi Ndwandwe, Malawi University of Business and Applied Sciences, Chichiri,
Blantyre, Malawi
Meshach Alfa, Department of Civil Engineering, University of Jos, Jos, Nigeria
Mhlalisi Mndzebele, University of Johannesburg, Johannesburg, South Africa
Michael Matshona, University of Johannesburg, Johannesburg, South Africa
Modest, Baruti, Ardhi University, Dar es Salaam, Tanzania
Monko Rehema, Ardhi University, Dar es Salaam, Tanzania
Morgen Zivhave, University of Botswana, Gaborone, Botswana
Mueletshedzi Helen Phosho, Department of Urban and Regional Planning, Faculty of
Engineering and the Built Environment, University of Johannesburg, South Africa
Murray Metcalfe, University of Toronto, Canada
Mususu Kaonda, The University of Zambia, Lusaka, Zambia
Mwebaze Nicholas, Ardhi University, Dar es Salaam, United Republic of Tanzania
Mwigine Kamlenga, Arusha Technical College, Arusha, United Republic of Tanzania
Nana-Addy Edward, Sunyani Technical University, Sunyani, Ghana
Neema Kavishe, Leeds Beckett University, Leeds, United Kingdom
Nils Ekelund, Malmo University, Malmo, Sweden
Nkosinathi Dube, University of Johannesburg, Johannesburg, South Africa
Nyasha Chiwherera, Malawi University of Business and Applied Sciences, Blantyre,
Malawi
Nyasha Mutsindikwa, University of Zimbabwe, Harare, Zimbabwe
Olaoluwa Aasa, Ardhi University, Dar es Salaam, Tanzania
Olatunji Joseph Oladiran, Department of Building, University of Lagos, Akoka Yaba,
Nigeria
Olayinka Oloke, Covenant University, Ota, Ogun State, Nigeria
Oluseyi Adebowale, Tshwane University of Technology, Pretoria, Gauteng Province,
South Africa
Parfait Iradukunda, Department of Metallurgical Engineering, School of Mines,
University of Zambia, Lusaka, Zambia
Panashe Tinago, National University of Science and Technology, Bulawayo, Zimbabwe
Paul Zingunaa, Kwame Nkrumah University of Science and Technology, Kumasi,
Ghana
Pelumi Elijah Adetoro, Malawi University of Business and Applied Sciences, Blantyre,
Malawi
Percunia Nyoni, National University of Science and Technology, Bulawayo,
Zimbabwe
Peter Binali Kamowa Mbewe, Malawi University of Business and Applied Sciences,
Blantyre, Malawi
Pride Ndlovu, Construction Economics and Management, University of
Witwatersrand, Johannesburg, South Africa
Prisca Simbanegavi, School of Construction Economics and Management, University
of the Witwatersrand, Johannesburg, South Africa
Rahim Rezaie, University of Toronto, Canada
Ramadan Osman Kantunsung, Osmania University, Hyderabad, India
Ramapulane Mphanya, University of Johannesburg, Johannesburg, South Africa
Retsepile Kalaoane, University of Johannesburg, Johannesburg, South Africa
Ringisai Abigail Dhliwayo, Namibia University of Science and Technology,
Windhoek, Namibia
Rose Masilo, University of Johannesburg, Johannesburg, South Africa
Rotondwa Benevolence Nemakhavhani, Central University of Technology, Free State,
Bloemfontein, South Africa

XXXVil



113.
114.
115.
116.
117.
118.

119.

120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

133.
134.

135.
136.
137.
138.
139.
140.
141.
142.

143.

Saidi Finzi, University of Johannesburg, Johannesburg, South Africa

Sam Zulu, Leeds Beckett, Leeds, United Kingdom

Samuel Munyemana, Covenant University, Ota, Ogun State, Nigeria, Institut
d'Enseignement Superieur de Ruhengeri, Musanze, Rwanda

Sarah Mokwebo, National Treasury of South Africa, Johannesburg, South Africa
Sarah Phoya, Ardhi University, Dar es Salaam, Tanzania

Shepherd Chikomo, National University of Science and Technology, Bulawayo,
Zimbabwe

Siphiwe Given Mbatha, University of Johannesburg, Johannesburg, South Africa
University of Johannesburg, Department of Urban and Regional Planning,
Doornfontein campus, Johannesburg, South Africa

Sipiwe Mushanga, Covenant University, Ota, Ogun State, Nigeria, Chongwe
Municipal Council, Chongwe, Zambia

Sithabisiwe Ncube, University of Johannesburg, Johannesburg, South Africa

Stephen Femi Oyeyoade, Obafemi Awolowo University, Ile-Ife, Nigeria

Suzgo Kaunda, Malawi University of Business and Applied Sciences, Blantyre,
Malawi

Sydney Chimbganda, Department of Quantity Surveying, Nelson Mandela University,
Ggeberha, South Africa

Tafadzwa Kudzai Dzimiri, National University of Science and Technology, Bulawayo,
Zimbabwe

Tarisai Primose Ndebele, National University of Science and Technology, Bulawayo,
Zimbabwe

Tendai Mbaraja, Department of Construction Economics and Management, National
University of Science and Technology, Bulawayo, Zimbabwe

Thabo Khafiso, Central University of Technology, Free State, Bloemfontein, South
Africa

Theresa Mkandawire, Malawi University of Business and Applied Sciences, Blantyre,
Malawi

Thula Sekhukhune, University of Johannesburg, Johannesburg, South Africa
Thulisile Ncamsile Mphambukeli, University of Johannesburg, Johannesburg, South
Africa University of Johannesburg, Department of Urban and Regional Planning,
Doornfontein campus, Johannesburg, South Africa

Tichaona Morris Samu, National University of Science and Technology, Bulawayo,
Zimbabwe

Timothy Oluwafemi Ayodele, Obafemi Awolowo University, Ile-Ife, Nigeria
Tinoapei Dhliwayo, Namibia University of Science and Technology, Windhoek,
Namibia

Tirivavi Moyo, Department of Building and Human Settlements, Nelson Mandela
University, Ggerberha, South Africa

Trynos Gumbo, University of Johannesburg, Johannesburg, South Africa

Tshiamo Domingo, University of Johannesburg, Johannesburg, South Africa

Vitalis Mathonsi, University of Johannesburg, Johannesburg, South Africa

Walied Elsaigh, Department of Civil & Environmental Engineering and Building
Science, University of South Africa, Johannesburg, South Africa

Wayne Draai, Department of Building and Human Settlements, Nelson Mandela
University, Ggerberha, South Africa

Winny Ngudo Nthangeni, Department of Urban and Regional Planning, Faculty of
Engineering and the Built Environment, University of Johannesburg

Witness Kuotcha, Malawi University of Business and Applied Sciences, Blantyre,
Malawi

Yusuf Umar Datti, Department of Civil Engineering, Universiti Teknologi
PETRONAS, Seri Iskandar, Perak, Malaysia, Perak, Malaysia

XXXViil



Development and Investment in Infrastructure in Developing Countries — Musonda et al (Eds)

© 2025 The Editors, ISBN 978-1-032-77048-2

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license

Host and Sponsors

Hosted by:

Sponsored by:

The Development Bank of Southern Africa
is one of the Leading African Development
Finance Institutions wholly owned by the
government of South Africa. DBSA’s pri-
mary purpose is delivering impactful devel-
opment finance solutions that ignite
transformative change in South Africa and
on the rest of the African Continent.
Improving the quality of life in Africa is the
fundamental focus of our developmental
impact. DBSA aims to blend the arc of his-
tory towards shared prosperity through
multifaceted investments in sustainable
infrastructure and capacity development.

XXXIX



https: || taylorandfrancis.
COMt-


https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com

Theme 1: Sustainable infrastructure development



https:||taylorandfrancis.
COM-


https://taylorandfrancis.com
https://taylorandfrancis.com

Development and Investment in Infrastructure in Developing Countries — Musonda et al (Eds)
© 2025 The Authors, ISBN 978-1-032-77048-2
Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license

A review on the barriers to sustainable energy transitioning in the
mining sector

J. Mutwale

Department of Construction Economics and Management, Faculty of Built Environment, Copperbelt
University, Zambia

F. Mulolani
Department of Electrical Engineering, Faculty of Engineering, Copperbelt University, Zambia

S. Zulu

Department of Surveying, Construction and Project Management, Faculty of Built Environment,
Engineering and Computing, Leeds Beckett University, UK

E. Zulu
Department of Built Environment, Faculty of Science and Engineering, Anglia Ruskin University, UK

ABSTRACT: This study explores the shift to sustainable energy in the mining sector,
analysing obstacles and strategies for improved sustainable development. It uses a qualita-
tive multi-level perspective (MLP) review of 13 empirical studies from Google Scholar,
covering literature from 2012 to 2023. The review highlights the urgent need for the mining
sector to adopt sustainable energy sources due to its reliance on fossil fuels and the envir-
onmental impacts of renewable sources like hydroelectricity. The study identifies financial,
policy, and technical barriers hindering this transition. It advocates a holistic approach
involving collaboration between government, mining companies, and stakeholders to over-
come these challenges through financial incentives, policy reform, and education on sus-
tainable energy practices. Transitioning to sustainable energy can enhance economic
viability, sustainable infrastructure development and environmental sustainability in the
mining sector in developing countries like Zambia.

Keywords: Mining Sector, Sustainable Energy Transition, Renewable Energy, Impact,
Barriers

1 INTRODUCTION

In the context of global efforts to promote sustainable development, transitioning to low-
carbon, renewable energy sources is critical. This shift from traditional, limited or high-
carbon energy sources supports social and economic sustainability, minimises environmental
impact, and ensures long-term energy security (Rosen and Farsi 2022). A sustainable energy
transition involves significant changes in energy behaviours, attitudes, processes, and sys-
tems, including the adoption of renewable energy sources and energy-efficient technologies
(Blutstein and Rodger 2001; Steg et al. 2015). The energy sector, predominantly powered by
fossil fuels, accounts for 73% of human-generated greenhouse gas emissions (UN 2021). The
mining industry, responsible for substantial energy consumption, contributes significantly to
these emissions, consuming 80% of the world’s electricity and approximately 1.7% of global
final energy consumption (Aramendia et al. 2023). Future mineral demand and population
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growth are expected to further increase the industry’s energy consumption and CO2 emis-
sions. To prevent severe climate impacts, global CO2 emissions must be halved by 2030 (UN
2021). The Paris Climate Agreement calls for urgent action to achieve net-zero emissions by
2050 (Vennapusa et al. 2024). International and regional targets, such as the EU’s goal to
reduce emissions by 80-95% by 2050 and the Sustainable Development Goals, underscore
the need for immediate action (Moss et al. n.d.; Olabi 2016; Onn and Woodley 2014; UN
2015). The mining industry’s increasing energy demands and the need to reduce environ-
mental impacts highlight the importance of sustainable energy transitions. This study aims to
identify barriers to the successful implementation of sustainable energy transitioning in the
mining sector and emphasise its significance. By exploring these aspects, the study seeks to
provide insights that can guide strategies for promoting sustainable energy use in mining
operations, aligning industry practices with environmental preservation goals. The following
sections review literature on the mining sector and the energy paradox, identify factors for a
successful energy transition, describe the study’s methodology, present research findings and
discussion, and conclude with recommendations and future research directions.

2 THE MINING SECTOR AND ENERGY PARADOX

The mining industry plays a pivotal role in the economies of many countries, particularly in
developing nations. For instance, in Zambia, the mining sector significantly influences GDP,
employment, and foreign exchange earnings, but it also entails high energy consumption and
emissions (ITA 2022). The sector employs approximately 400,000 people formally,
accounting for almost 8% of formal employment, with informal employment potentially
ranging from 10-30% of the workforce (ILO n.d.; RIA 2020). It generates over 80% of
Zambia’s export revenues and contributes 8.7-10% to the GDP, with copper alone
accounting for over 70% of foreign export earnings (ITA 2022; RIA 2020; World Bank
2020). The mining industry is essential for providing raw materials for manufacturing and
other industries, stimulating economic growth, and developing infrastructure and technol-
ogy in developing countries (AGS n.d.; RIA 2020). However, it is also one of the most
energy-intensive industries due to high-energy processes like heating, lighting, pumping,
ventilation, excavation, and transportation (Howes 2022; Mining for Zambia 2016).

The sector presents a paradox: while it has a substantial carbon footprint, it is vital for
producing materials necessary for sustainable energy solutions, such as copper for clean energy
production and cobalt for energy storage. Mining consumes about 38% of global industrial
energy use, 15% of global electricity, and 11% of total global energy (Igogo et al. 2017). This
includes 19% of global coal and coal products, 5% of global gas, and 2% of global oil (Awuah-
Offei 2016; Levesque et al. 2014). Given its significant energy use, the mining industry must lead
the transition towards sustainable energy methods. A focus on energy efficiency and renewables
is imperative to reduce emissions and expedite economic development, particularly in developing
countries (UN 2021). By addressing this paradox, the industry can balance environmental
responsibility with economic success, contributing to sustainable infrastructure development.

3 FACTORS INFLUENCING SUCCESSFUL ENERGY TRANSITIONING

Successful sustainable energy transitioning requires policies, technological shifts, financing, and
education (Cossen and Waitz 2016; Kabeyi and Oludolapo 2022; Maennling and Toledano
2018; Sareen and Haarstad 2018). A five-dimensional approach, environment, economy, society,
technology, and institutionsis crucial for analysing energy sustainability and guiding resource use
(Kabeyi and Oludolapo 2022). Government Policies play a vital role by addressing environ-
mental issues, promoting social equity, fostering economic sustainability, advancing technology,
and establishing effective governance (ILO 2019). They can incentivise mines to generate their



own energy, reducing dependence on national grids and supporting unmet energy markets
(Roux 2002; Soltau 2020). However, policy implementation can be slow, potentially delaying
sustainable energy projects in the mining sector (Kabeyi and Oludalapo 2022).

Technological advancements are essential for enhancing sustainability. Smart grids and
renewable energy sources like solar and wind are crucial for a sustainable electrical system
(Kabeyi and Oludolapo 2022). Technologies must minimise costs and environmental impact
while ensuring energy quality and flexibility (Kabeyi and Oludolapo 2022). Solar-powered
micro-grids, for example, are feasible for large-scale mining applications, offering scalability
and quick installation (BMWi 2016; ILO 2019). Advanced energy storage systems are also
needed to manage renewable energy variability (Rehman et @l 2010). Furthermore, sig-
nificant investments in energy infrastructure, efficiency, and renewable energy are required
to meet global targets like the Paris Agreement (Bulkot er al 2024; IRENA 2018).
Innovative financing mechanisms can address the challenges of capital investment in mines,
promoting the adoption of renewable energy and enhancing economic development (Cossen
and Waitz 2016; Igogo et al. 2017; Maennling and Toledano 2018).

Additionally, education supports sustainable energy transitions by increasing awareness and
knowledge about energy conservation (Altassan 2023). It empowers communities, enhances
infrastructure literacy, and supports institutional norms (Aron er al. 2020). Collaboration
among educational institutions, governments, and energy organisations is essential for pro-
moting sustainable practices and developing standardised curricula (Altassan, 2023; Shehad
et al. 2023). Education also fosters community engagement and stakeholder linkages, driving
innovation and effective implementation of sustainability frameworks (Chen et al 2019;
Daoudi 2024; Laurence 2011). These factors, policy, technology, financing, and education are
interlinked and essential for overcoming barriers to sustainable energy transitioning in the
mining sector, particularly in developing countries. They contribute to a holistic approach that
balances environmental responsibility with economic and social benefits.

4 METHODOLOGY

This study employed a qualitative multi-level perspective (MLP) that combined a systematic
review, scoping study, and thematic analysis to analyse the transition towards sustainable
energy in the mining sector comprehensively and minimise bias. The systematic review
synthesised current knowledge, directed future investigations, resolved open-ended concerns,
and advanced theory development, benefiting legislators, researchers, and decision-makers
(Liberati et al. 2009; Page et al. 2021). The study adhered to the PRISMA 2020 statement for
transparent reporting, reflecting updates in terminology and review processes (Page et al.
2021). The scoping review, guided by Arksey and O’Malley (2005), aimed to comprehen-
sively locate primary studies and relevant papers. Thematic analysis categorised findings into
distinct themes using an inductive approach to identify patterns and trends. Inclusion criteria
focused on empirical studies from 2012 to 2023, with no geographical restrictions and
English as the preferred language, addressing barriers to sustainable energy transition in
mining. Non-empirical studies and irrelevant publications were excluded. The process
involved iterative engagement with each stage, including manual searches in Google Scholar
and direct Google searches using key phrases like “energy transition,” “renewable energy,”
and “sustainability transition.” Data was extracted into an Excel sheet using a checklist
based on Swallow and Zulu (2020) and Arksey and O’Malley (2005), covering author name,
year, country, study aim, methodology, key findings, and conclusion. Data from 28 sources
was standardised and collected. The subsequent items were gathered:

e Author / year / title
e Geographical location
e Aim of the study



e Methodology adopted
e Key findings of the study
e Conclusion of the study

Excel software was used to store and extract the data. Duplicates were carefully reviewed,
found, and eliminated by sorting the data alphabetically. Textual data was critically exam-
ined, ensuring thorough content analysis of past studies and providing insights for informing
the framework design with theoretical and contextual uniqueness. This research primarily
relied on secondary data from reliable sources to analyse the transition towards sustainable
energy sources and the potential barriers. Through qualitative content analysis, key themes
and insights were identified, categorised, and synthesised. The study explored challenges in
facilitating the transition to sustainable energy, providing comprehensive insights and
implications. A sample of the extraction and review procedure is shown in Table 1.

Table 1. Example of charting data.
ABSTRACT/
Methodology/
No. Authors Title Geography Publication Year Theme
1 Bai, An implementation Using a multiple case Journal of 2017 Transition
Chunguang;  path for green field study with input Cleaner + mining
Kusi- information technology from managers of the Production
Sarpong, systems in the Ghanaian Ghanaian gold mining
Simonov; mining industry industry, the adopted
Sarkis, GSCM practices
Joseph; framework and

methodology is
applied. The results
provide an evaluation
and development path
model to guide these
organizations and
managers for GSCM
planning and
investment decisions.
The path results show
that these
organizations should
first develop SSP
(Strategic Supplier
Partnership) with their
suppliers for
implementing GITS
(Green Information
Technology and
Systems) and other
GSCM practices.
These results provide
some exploratory
insight and guidelines
for managers and
policymakers who
seek to integrate green
initiatives. (Multiple
case field study)
(Ghana)




5 RESULTS

Thirteen (13) empirical studies were streamlined provided a comprehensive overview of var-
ious authors’ philosophies, approaches, strategies, research approaches, data collection
methods, data analysis methods, and theoretical lenses used in their respective studies. A
multitude of factors influence the shift to sustainable energy in emerging nations. The results of
the scoping research review, which found thirteen (13) studies, are summarised in this section.
A thematic and content analysis is used to provide the study information, which also includes a
brief discussion of the research. The thematic and content analysis provide a practical and
theoretically adaptable method of analysis. The thematic analysis approach employed in this
study was primarily deductive, using Braun and Clarke’s approach for identifying and ana-
lysing themes. Through a systematic examination of the empirical studies, themes related to
barriers to sustainable energy transition in the mining sector were identified, categorised, and
analysed based on existing literature and theoretical frameworks. The predominant themes are
influenced by macro-variables encompassing social, political, and cultural factors (Parker
2018). Here are some of the barriers to sustainable energy transition in the mining sector.

5.1 Lack of leadership

Leadership is a transformative force in driving the transition towards sustainable practices, as
underscored by Hu and Hassink (2016). Their research illuminates how leadership ingeniously
constructs institutional niches, such as a renewed cadre incentive and evaluation system, that
focus on green development without undermining broader economic and infrastructure frame-
works in developing countries. This nuanced understanding of leadership’s role contributes sig-
nificantly to recent advances in comprehending the interactive processes between leadership,
institutions, and industrial restructuring at the regional level. Importantly, Hu and Hassink
(2016) argue that place leadership doesn’t just produce immediate effects on local industrial
dynamics but also influences and shapes institutions as ‘mediators’ of economic practice and
interaction, suggesting a profound and enduring impact on sustainable transitions.

5.2 Need for green education and sensitisation

The imperative for green education and sensitisation activities is paramount in fostering a col-
lective awareness of the importance and inevitability of transformation and development within
mining enterprises, as highlighted by Hou ez al. (2021). Their emphasis on the government’s role
in conducting various forms of green education underscores the critical need for proactive
initiatives to instil sustainability values and practices. Furthermore, Hu and Hassink’s (2016)
insight into the leadership’s pivotal role extends to the realm of education, where new leaders
must not only champion new ideas but also inspire their subordinates to embrace and actively
participate in green initiatives. This holistic approach to education and leadership underscores the
multifaceted nature of driving sustainable transitions, emphasising the importance of both top-
down and bottom-up strategies in fostering a culture of sustainability within mining enterprises.

5.3 Inadequate energy policy

Using a decision and management support tool, Bai e al. (2017) examined several green
management approaches in Ghana. The necessity for cogent policy design was underscored
by Hou et al. (2021), who highlighted the critical role that government regulations and
external oversight play in convincing geological and mining businesses to combine ICT and
renewable energy technology. Through a case study in an autocratic, non-Western envir-
onment, Hu and Hassink (2017) demonstrated how leadership’s response to changes in the
macro-context resulted in new institutions and laws in the mining sector. The significance of
permissive laws in determining future energy policy is emphasised by this discussion (Parker



2018; Ocelk et al. 2021). Carbon pricing mechanisms, renewable energy objectives, and
incentives for adopting renewable energy are examples of policy interventions.

5.4 Lack of stakeholder buy in and participation

Inclusive governance practices were deemed essential by Ocelk ez al. (2021), advocating for a
shift from technocratic authority-based responses to more inclusive and dialogue-based
forms of participation. Elite involvement in investment decisions and policymaking sig-
nificantly influences patterns of industrial energy consumption (Parker 2018).

5.5 Technology gaps

Technology plays a pivotal role in influencing sustainability rhetoric, often intersecting with
social, economic, and environmental variables (Parker 2018:15). Bai ef al. (2017) highlighted
the essential role of information technology and systems (ITS) in promoting sustainability in
supply chains and organisational operations, as well as in reducing environmental footprints.
Hou et al. (2021) underscored technological and financial obstacles hindering the mining
industry’s transition, particularly in integrating renewable energy sources like solar power
into sustainable practices. Sustainable mining necessitates green supply chain management
(GSCM) strategies, such as strategic supplier partnerships and green IT (Bai et al. 2017).

5.6  High capital cost requirements

High technological costs were identified as barriers by Nikas ez al. (2020), highlighting the
importance of integrating cost dimensions alongside performance considerations. Hou, Zhu,
and Peng (2021) emphasised that technology and cost are the main obstacles hindering the
transformation of mining enterprises. The capital-intensive nature of sufficient renewable
power generation and energy storage to meet operation energy demands was highlighted by
Marsden and Marsden (2021).

5.7 Lack of reward/penalty

Hu and Hassink (2016) noted that coercion by local state agencies and state-owned enter-
prises led to the reallocation of resources from the mining industry. Marsden and Marsden
(2021) highlighted the impact of carbon taxes on the mining industry, increasing the cost of
transitioning to renewable energy. Nguyen et al (2021) discussed the influence of state
growth paradigms on the development of the mining industry in Vietnam, emphasising the
need for equitable benefit-sharing systems.

Figure 1. Interaction of the barriers to sustainable energy transitioning in the mining sector.



6 INTERPRETATION AND DISCUSSION

The study identifies several critical barriers and facilitators for sustainable energy transitioning
in the mining sector. Inadequate energy policy is a significant barrier, underscoring the need for
coherent policy formulation to encourage mining firms to adopt renewable energy technologies
(Bai et al. 2017; Hou et al. 2021). Stakeholder buy-in and participation are crucial for inclusive
governance, requiring more dialogue-based forms of participation to mitigate conflict and
ensure effective decision-making (Ocelk et al. 2021). The importance of technology in facil-
itating sustainable mining practices is emphasised, with the integration of information tech-
nology and systems (ITS) and green supply chain management (GSCM) strategies being
essential for promoting sustainability and reducing environmental footprints (Bai et al. 2017,
Hou et al. 2021). Capital cost requirements pose a notable challenge, especially regarding high
technological costs, which need to be balanced with performance considerations for a com-
prehensive evaluation (Marsden and Marsden 2021; Nikas et al. 2020). Leadership is identified
as a key driver for transition, with the creation of institutional niches focusing on green
development crucial for aligning with broader economic and infrastructure frameworks (Hu
and Hassink 2016). Reward and penalty mechanisms, such as carbon taxes, play a significant
role in incentivising the adoption of renewable energy sources and reducing pollution in the
mining industry (Hu and Hassink 2016; Marsden and Marsden 2021). Finally, the need for
green education and sensitisation is highlighted as essential for fostering awareness and
understanding among mining enterprises about the importance and inevitability of transfor-
mation towards sustainable energy practices (Hou et al. 2021). These findings underscore the
complexity of transitioning to sustainable energy in the mining sector, emphasising the need for
holistic approaches that address policy, technological, financial, and social factors to effectively
overcome barriers and facilitate the transition towards a more sustainable energy future.

7 LIMITATIONS OF EVIDENCE

A range of studies were identified for the review, potentially impacting the study report. The
review included only empirical studies from 2012 to 2023. Although thematic analysis offers
flexibility, it can also result in inconsistency and a lack of coherence in developing themes
from research data (Holloway and Todres 2003). This flexibility may pose challenges for
novice researchers in determining which aspects of the data to prioritise. Conversely, while
scoping reviews are broad, they may lack depth.

8 CONCLUSION

The study’s in-depth analysis of the mining industry’s transition to sustainable energy reveals
a complex scene with a variety of themes. A strategic roadmap is established by the staged
approach to energy transition, which includes installing power generation, converting
equipment, and integrating renewable energy with storage systems. But serious impediments
also exist, such as insufficient energy legislation, difficulties in involving stakeholders,
financial and technological constraints, and high capital expenses. The role of leadership
becomes crucial in creating institutional niches that support green development without
undermining larger economic frameworks. The conflict between carbon prices and other
incentive and penalty mechanisms complicates industrial responses. Furthermore, pro-
grammes for green education become essential for raising consciousness and comprehension.
To put it succinctly, the report presents a clear picture of the opportunities and complex
obstacles involved in moving the mining industry towards sustainable energy standards. In
the quest for a more sustainable and environmentally friendly mining sector, the topics that
have been identified offer a strong basis for upcoming studies and policy discussions.
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ABSTRACT: The renowned “Corridor of Freedom” in the City of Johannesburg (Col)
was originally conceived as a reconciliatory lifeline of post-apartheid planning which acted
as an intervention to foster spatial transformation. However, the city continues to encounter
lingering inequalities and fractured geography three decades after the ushering in of a
democratic dispensation and finds itself at a crossroads of car-centric development and
spatial segregation. This study deployed a mixed methods approach, where both qualitative
and quantitative data were collected through interviews with relevant stakeholders including
ColJ officials and the community. The study findings reveal that the role of networked TOD
can promote sustainable mobility and alleviate car independence in the CoJ. Moreover, the
paper identifies suitable areas for TOD nodes in the CoJ that are suitable to support net-
worked TOD. The culmination in the development of a Spatial Network and Morphology
Framework for Polycentric TOD is named Jozi-Web due to its interconnected and accessi-
bility provision. Such radical rethinking that hinges on Networked Transit-Oriented
Development (NTOD) and its potential for an interconnected polycentric urban future
promise to encourage sustainable urban development.

Keywords: Networked Transit-Oriented Development, Jozi-Web, Polycentric, Corridors of
Freedom, Sustainable Urban Development, Transportation Planning

1 INTRODUCTION

The City of Johannesburg is the vibrant heart of Gauteng and is the economic powerhouse of
South Africa. However, the city faces challenges including, an underutilized public transport sys-
tem, fragmented development, traffic congestion, and private car dependence. To answer these
challenges, Kotze and De Vries (2019) envisioned the “Corridor of Freedom” (CoF) as a singular
artery of opportunities. The CoF was initially perceived as a linear development approach aimed
at bridging spatial divisions and stimulating further economic growth. Nevertheless, Ballard ez al.
(2017) submit that the CoF has valuable infrastructures that are not fully delivering services to
their full potential. As many cities’ urban fabric develops, they tend to move beyond monocentric
development to having multiple centers (Hutton and Paddison 2014). Therefore, a polycentric city
spontaneously develops multiple centers that encourage localized economies, enhance accessibility,
and diversify communities (Friedmann 2005).

Transit-oriented development (TOD) became known as a promising approach for fos-
tering sustainable urban development by permitting development to mushroom within the
constraints of public transport hubs (Domingo and Gumbo 2022). However, the TOD in the
City of Johannesburg (Col) is equally faced with challenges facing its CoF. According to
Simoes (2014), TOD revolutionizes the urban landscape within the arena of sustainable
urban development by accentuating accessibility, sustainability, and well-integrated trans-
portation systems as the prerequisite for urban and regional planning.
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Consequently, this study challenges the concepts of polycentric traditional monocentric
models of cities. Polycentrism envisions cities as multi-nodal and which disperses social,
economic, and economic activities across various centres whilst encouraging sustainability,
and resilience and enhancing other urban functioning elements. With that being alluded to,
this paper advocates for a networked TOD approach where multiple nodes and corridors are
strategically interconnected in reshaping the future of CoJ. As networked TOD envisions the
city to be polycentric through the interconnectedness of road infrastructure facilitating swift
mobility and accessibility, the study names the framework Jozi-web.

2 LITERATURE REVIEW

2.1 Introduction to networked Transit-Oriented Development (TOD)

Kapoor and Brar (2022) indicate that the traditional TOD strategies concentrate on a single
transportation stop or station which limits their capacity as a singular TOD node. With
limited existing literature on networked transit-oriented development, Domingo et al. (2024)
indicate that TOD is a promising concept in the arena of urban planning. This is because it
stimulates liveable and sustainable cities by focusing on development that is planned around
mushrooming public transport nodes (Brokl 2022).

Papa et al. (2013) further allude that Networked TOD augments the traditional transport
concept by stressing the synergy between the multiple TODs within a city network. This
study endorses sentiments that indicate that networked TOD draws from the principles of
TOD and urban network theory which view urban spaces as a system of links and inter-
connections (Talrej 2023). Urban network theory is the degree to which geographical con-
cepts delineate the interconnectedness of urban space (Rozenblat 2020). Additionally,
networked TOD is oriented within the principle of polycentric urbanism which prescribes the
development of self-sufficient centres and multiple, and interconnected transport networks
(Papa et al. 2013). This strategic approach has the potential to alleviate the dependence on a
single central area and encourage more spatially balanced development.

2.2 Urban corridors assessment for TOD nodes

Urban corridor assessment for TOD nodes is an essential facet of recent urban planning. This is
because global cities both in developed and developing worlds currently grapple with the chal-
lenges of rapid urbanization (Uddin ez al. 2023). There is thus an emphasis on developing well-
connected, efficient, and sustainable transportation systems that can stimulate economic devel-
opment and improve quality of life. In urban planning, nodes mean the central development of a
neighbourhood that is connected to its surroundings (Xie et al 2022). According to
Teklemariam and Shen (2020), the assessment of urban corridors plays a critical role in recog-
nizing suitable locations for TOD nodes. Urban planners and scholars in the field have stressed
the importance of an extensive evaluation of potential and existing corridors in the city. This
should take account of crucial factors such as land use patterns, accessibility, transportation
infrastructure, and socio-economic dynamics which are key in TODs (Harrison and Rubin
2020). The current study utilizes this factor to assess TOD nodes within the City of
Johannesburg (CoJ). According to Khare e al (2021), this assessment guides the selection of
suitable areas for TOD. It also informs policies that encourage a comprehensive integration of
land use and transportation, to foster a more resilient and sustainable urban fabric. Research in
the domain of TOD nodes involves public participation to understand the communities’ needs
adequately and assess the potential impacts of TOD implementation on their lives.

2.3 Polycentric TOD: Emerging concept and implementation challenges

According to Chen (2022), polycentric transit-oriented development is an emerging concept in
the arena of urban planning. Kumar, Ghosh, and Singh (2022) indicate that polycentric TOD
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in urban planning represents a paradigm shift that moves beyond the traditional monocentric
city model. Polycentric TOD is emerging as the mechanism that addresses the challenges posed
by rapid urbanization (Garde 2020). Moreover, in practice, polycentric TOD as a concept
recognizes the limitations resulting from centralized development and visualizes a decen-
tralized multi-nodal urban morphology. This approach reduces the dependence on a mono-
central business district (CBD), encouraging a more sustainable and resilient urban mor-
phology (Chen 2022). Ewing et al. (2020) indicate that principles governing polycentric TOD
are drawn from polycentric new urbanism. According to Garde (2020), new urbanism is the
design movement that seeks to improve the mobility of how cities are built. Therefore, poly-
centric TOD stresses the development of multiple centres of economic activities and improving
city community life. The following section explains emerging concepts and challenges included
in the implementation of polycentric TOD.

2.3.1 Emerging concepts

Polycentric TOD as an emerging concept showcases essential benefits including, 1) spatial
equity and inclusion (Harrison, et al. 2019). By decentralizing amenities and economic
opportunities connecting to other CBDs, polycentric TOD can provide a closer public
transport hub to marginalized communities and can also reduce spatial inequality and
enhance greater access to services and jobs for residents. 2) Resilience and economic diver-
sification, indicate that the development of TOD in various existing CBDs can give rise to
multiple economic clusters. This can foster economic diversification and alleviate economic
vulnerability that can easily impact the dominant monocentric development Prestes et al.
(2022). 3) Sustainable urban development through polycentric TOD can foster even more
walkable and compact development patterns. This can also reduce private car dependence
and enhance the interconnection of TODs (Liu ef al. 2020). The fewer private cars there are
on roads, the lower the carbon emissions and this will not only improve environmental
sustainability but act as a measure to champion climate change.

2.3.2  Implementation challenges

Notwithstanding the potential benefits of polycentric TOD, the concept faces several chal-
lenges including, 1) governance and coordination, since polycentric TOD involves multiple
nodes. Thus, developing and managing multiple centres necessitates strong coordination
between community groups in a city, government agencies, and private developers (Maina
2020). These difficulties pose challenges for investment, planning, and adequate distribution of
resources (Ewing et al. 2020). 2) Public transport infrastructure investment. Thus, developing a
polycentric network requires robust public transport infrastructure investment (Higgins et al.
2021). 3) Overcoming path dependence involves the transitioning of areas that can become
urban centres; therefore, these cities will be required to overcome the existing political and
economic forces that favour the dominant centre. Overcoming these challenges will be difficult
for any city, however, addressing them is crucial for a successful implementation.

2.4  Urban corridors and TOD: Lessons from global practices

Curitiba is the largest and capital city of the state of Parana, Brazil. Curitiba operates a well-
integrated Bus Rapid Transit (BRT) system with TOD designed along its corridors (Vergel-
Tovar and Landis 2022). The TOD in Curitiba, like the TOD in Johannesburg (Park Station),
offers mixed residential, leisure facilities, and commercial land uses, attracting businesses and
residents while fostering the sharing of ridership on a public transport network (BRT system).
The reason why the study chose Curitiba as a counterpart to Col is due to the common chal-
lenges including the scale of informal settlements, investment and governance, and existing land-
use and ownership. Curitiba has strong government agencies with strong policies that are stra-
tegically focused on implementation (Prestes ez al. 2022). Moreover, these agencies are dedicated
to overseeing TOD development and planning.
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Essential elements of Curitiba’s achievements include dedicated lines for BRT buses which
physically separate the BRT bus from mixed traffic (Turbay et al. 2022). These lines allow the
buses to drive with a greater required speed and reliability, improving travelling times com-
pared to metro systems in the city (Prestes ez al. 2022). The Curitiba urban corridor and TOD
include the iconic tube station, these stations enhance the visual aesthetics and identity while
adding a unique aspect to Curitiba’s BRT. These tubes are stations like Johannesburg BRT
(Rea Vaya) stations and facilitate speedy boarding through the multiple doors of the BRT
buses. Curitiba also prides itself on its comprehensive network of the BRT systems, since its
CoF has BRT components, the infrastructure in Curitiba is far more extensive (Topchiy 2017).
Unlike the CoJ BRT, Curitiba BRT routes reach into the residential communities, and the
designated lines strategically feed passengers to the different parts of the city, maximizing the
accessibility of the system (Turbay et al. 2022). Curitiba BRT with its cubic bus station. The
corridors and TOD in Curitiba are supported by coordinated land-use planning. Curitiba
utilizes linear zoning as a planning strategy along the BRT corridors to foster mixed-use, and
high-density (Prestes er al. 2022). This strategy guides development near the station, this
adequately increases the ridership and encourages the use of public transport. Overall, the CoJ
would greatly benefit from these zonings’ transformations.

2.5 Materials and methods

A mixed method was adopted, combining both quantitative and qualitative data types. The
study included interviews with six officials from different stakeholder groups (CoJ Department
of Transportation and Johannesburg Roads Agency) and 20 diverse daily commuters. The
participants were approached through a purposive sampling method to ensure that there was
comprehensive engagement with participants. The interviews provided invaluable information
for the development of a Spatial Network and Morphology Framework for Polycentric TOD
in the CoJ. Data sources for this study included documented studies, observations, and
interviews. Qualitative analysis was utilized to review the previous literature and channel the
strategies identified into the study Spatial Network and Morphology Framework. Moreover,
secondary information was gathered from credible databases such as Google Scholar,
ScienceDirect, Scopus, and Sage.

2.6  Results and analysis

2.6.1 Analyzing the corridors of freedom of the CoJ

In considering this analysis it is noteworthy that the Johannesburg Mayor, Mpho Park Tau,
launched the initiative of “Corridors of Freedom” in 2013. This was meant to develop both
inclusive housing and transportation options in one spatial morphology to address spatial
isolation in the city. The Rea Vaya bus rapid transit (BRT) system is the lifeblood of the CoF
in the CoJ due to its recurring station and bus stops from Johannesburg CBD to Soweto. The
CoF in the CoJ consists of the BRT and Gautrain systems, cycling infrastructure, and asso-
ciated pedestrians that interconnect the historically underserved communities in the CoJ with
the periphery of the city. Additionally, the CoF encompasses the development of mixed-use
and mixed-income housing along the corridor from Johannesburg CBD to Soweto. This helps
to integrate land use and transportation to serve the residents by fostering economic oppor-
tunities for residents through the development of urban spaces that equally host commercial
enterprises in the CoF. Moreover, this development was tailored to move people close to their
working environment or to their public transport hub which facilitated movement to any
place. The CoF project in the CoJ was strategically approached through long and short-term
objectives. The long-term project is still in progress to date, with expected completion by 2040.
This strategy seeks to extrapolate the CoF to areas such as Ivory Park and Dieploot, these
areas are highly densified in terms of population yet underserved communities in the city. The
medium-term strategy included development from Soweto to the CBD to Alexandra and
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Sandton, Turffontein node, Perth Empire, and Mining Belt. Corridors radiating outward from
the Col, as the map illustrates the Soweto development corridors. These include the Empire
Perth Development Corridor, Turffontein Development Corridor, Louis Botha Development
Corridor, and Sandton. The corridors are strategically anchored by the arterial road or
Highway to facilitate accessibility and movement, with a Rea Vaya BRT line in some of the
corridors. The CoF connects the Johannesburg CDB to the peripherals, whilst facilitating
economic inclusion throughout the city.

2.6.2  Suitable areas for TOD in the CoJ

The interviews with the community of the ColJ and its officials revealed that brownfield areas
surrounding the Rea Vaya public transportation hub in the CoJ CBD are highly appropriate
for a mixed-use TOD development. These brownfield sites were previously occupied by
industries. The study also showed that densely populated townships and suburbs along
major transport corridors like Alexandra, Soweto, and Mayfair with existing Rea Vaya and
other buses existing routes will adequately support TOD initiatives. This will allow the TOD
to enhance the existing station’s access, walkable environment, and mixed-use development.
Moreover, areas surrounding Metrorail, and Gautrain stations with existing commercial
development can also be suitable for suitable TOD projects, integrating office spaces and
residential areas and promoting vibrant entertainment and further economic stimulation.
TOD promotes symbiotic relationships between the compact and dense urban form and the
use of public transportation.

2.7 Spatial network and morphology framework for polycentric TOD

The study reveals the strong preferences for TODs. Therefore, key elements are proposed that
support relocating the suitable areas for TODs within the CoJ. These include public transport
accessibility, land use with development potential, and socioeconomic considerations. This
framework advocates for the use of land closer to the public transportation hubs such as
BRTs, midi-bus (taxi), and rail stations to encourage walking to the public transit hubs. The
ColJ Joburg 2021 SDF regulates 500 m as the distance from TODs to a public transit station.
This study equally encourages a 400 — 600 walking radius of TODs to further promote the
principle of walkability and cycling. Using the collected data and the results, the following is
the proposed model used to select suitable areas in Johannesburg. This section will further
illustrate the framework as a point of departure, showcase the ColJ current structure, and then
showcase the envisioned city structure.

Figure 1. Spatial network and morphology framework for polycentric TOD [Source: Author (2024)].
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This framework promotes urban renewal within the CoJ by encouraging the reusing of land
or buildings for TOD, to alleviate the demolition of buildings, and rezoning to promote mixed-
use development. According to the framework, areas with a higher-density of population, TOD
can support them through the mass of readership and further integrate the commercial land use.

2.7.1  Johannesburg’s current metropolitan structure of inverted polycentricity

The CoJ’s current metropolitan structure illustrates its ‘inverted polycentricity’. Polycentricity
is a planning concept which challenges the monocentric city morphology to foster multiple
urban nodes. The current polycentricity of CoJ can be observed as a dominating central core
with the CBD, and the principal metropolitan center ranging from 12 to 25 kilometers to the
periphery of the city (See Figure 2). This polycentricity concentrates on encouraging economic
activities focused on the CBD, limiting accessibility for residents who are located on the out-
skirts of the city.

Figure 2. The current polycentricity of CoJ [Source: CoJ Draft Spatial Development Framework
2040 (2022)].

The current structure indicates that the city has urban nodes, but they do not possess
TODs, therefore the study anticipates searching for suitable areas to support TOD in a
polycentric form of city structure. This structure will have advantages through the move-
ment of decentralizing resources and services to the periphery of the city from its center and
corridors whilst enhancing accessibility. Developing a network of TODs in these corridors
can foster transit-shared ridership, promote sustainable urban development, and develop a
vibrant city node. The ColJ can progress in a sustainable and inclusive urban form which
leverages the strength of its existing morphology.

2.7.2  Johannesburg future city model: Compact polycentric urban form

The CoJ envisions a far-reaching spatial transformation towards a sustainable, compact
polycentric urban form. Additionally, the future metropolis includes a network of inter-
connected urban nodes, amenities beyond a single dominant core, and an equal distribution of
economic activities. The future city model entails higher density development supporting the
existing mixed-use which characterizes the core, whilst the subcentres are moderately densified.
A comprehensive public transport system connects everything with the city, potentially
including rapid transit lines which foster accessibility and permit effective integration of
transportation and land use. The envisioned city model adequately integrates land use with
green spaces, which advocates for environmental sustainability. This polycentric method
promises a multitude of benefits. These would include a reduction of private vehicle use,
enhanced accessibility into the city, decentralization of development opportunities, resilience
against economic shocks due to urban nodes that are economically strong and increased social
equity with resources distributed evenly. Figure 3 is the envisioned city model.
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Figure 3. The current polycentricity of CoJ [Source: CoJ Draft Spatial Development Framework
2040 (2022)].

It is however important to note that this model relies heavily on robust infrastructure
investment, increment on public transportation modes, and more focused integrated devel-
opment across these new centres. This envisioned city structure capitalizes on this model to
simulate suitable areas to support a polycentric TOD city. Therefore, the successful imple-
mentation of the polycentric TOD is anchored on extensive community engagement, to serve
the needs of citizens. Overall, this vision presents a comprehensive path towards a more
equitable, well-integrated, and sustainable Johannesburg.

2.7.3  Existing Johannesburg urban nodes

The ColJ has 42 nodes excluding the CBD, this reflects what the paper has indicated, namely
an “inverted” polycentric city form. This means that the CoJ has one prominent CBD with
supporting scattered secondary centres (nodes). Conversely, the polycentric approach is
prone to distributing the amenities and economic opportunities across the multiple con-
nected nodes. A polycentric city would also lessen the urban pressure on the CBD, enhance
mobility and accessibility for residents in the peripheral areas, and lead to a more
equitable city. TOD is essentially pivotal in achieving a polycentric urban form. Areas such
as Diepsloot, Kliptown, Randburg, Bruma, Jabulani, and Roodepoort are close or far from
the CBD, but they have planned public transport lines and vacant land and include a mix of
residential and commercial land including other nodes, thus making them prime candidates
for TOD. These areas were identified by the Spatial Network and Morphology Framework
for Polycentric TOD presented above.

2.8 Suitable areas for TOD development: The Jozi-web

With the collected data and the use of Geographical Information Systems, the study has
formulated a framework to comprehensively identify suitable areas for TOD development in
the COJ nodes. These areas are selected based on the key elements endorsed by the Spatial
Network and Morphology Framework for Polycentric TOD which include public transport
accessibility, land use and development potential, and socioeconomic considerations.
According to the framework, these areas exhibit the characteristics that make them well-
suitable for TOD implementation and support the polycentric transformation of the city.
The following, answers the question: How these were selected through the framework? The
framework was developed through the results of the study, and then 42 nodes were resear-
ched using secondary information along with their public transport accessibility, land use
and development potential, and socioeconomic as the key performance indicators bench-
marking. The study also found that other areas are suitable to support polycentric urban
forms in the city. Albeit the question has been addressed. The following Figure 4 is the map
that shows the selected suitable areas within the CoJ.

18



Figure 4. Map showing selected noted for TOD development [Source: Author, (2024)].

Consequently, all these areas (Diepsloot, Kliptown, Mayfair, Randburg, Bruma,
Jabulani, and Roodepoort) are strategically situated along planned public transport spaces
or corridors, ensuring swift mobility and connectivity. This connective framework ought to
be called, the “Jozi-Web”. The strategic location within the Jozi-Web is already existing,
therefore, as these areas are suitable for TOD, they are equally integrated with the city’s
public transport network. Alongside what these areas possess it is important that they have
vacant land to adequately develop TOD. Overall, the Jozi-Web is a coined terminology
through the observation of how the roads in the CoJ connect from the maps.

3 DISCUSSION

The study’s results yielded the potential transformation of Networked Transit-Oriented
Development (NTOD) in addressing urban challenges in the city of Johannesburg. The
findings underscore that the NTOD adequately fosters sustainable mobility and reduces
carbon emissions through car dependence, this is vital for the city to mitigate traffic con-
gestion and address environmental challenges. The identified key areas within the city that
are suitable for TOD node development are selected through the model, to provide a target
for urban planners. Subsequently, the development of the Jozi-Web framework indicates the
practical model for achieving a polycentric urban structure with the aim of fostering inter-
connectedness and accessibility throughout the city. This framework is innovative, and it
does not only address the city’s current spatial fragmentation but is also sets out the stage for
a more balanced and equitable urban growth, aligning with the global trends towards
decentralization and sustainable urban development.
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4 CONCLUSIONS

To conclude, the study’s results underscore the importance of a polycentric design, as it
supports the city’s ultimate goal which is transforming the spatial layout. By implementing
TODs in areas such as Jabulani and Mayfair, the Jozi-Web encourages more sustainable
urban development, evenly balanced economic opportunities distribution, and enhanced
mobility and accessibility. This method paired with the polycentric principle and the existing
corridors, stands as a strategy to alleviate congestion in the ColJ, develop equitable and
vibrant neighbourhoods, and drive the city towards a more resilient and sustainable urban
development future. TOD integrates well with land use; therefore, a networked TOD will
equally complement land use practices in the CoJ in the future.
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ABSTRACT: The implementation of biophilic design principles and strategies has become
a popular and acceptable idea in both developed and developing economies. While studies
acknowledge the potential of biophilic design in hospital settings, the implementation of
biophilic principles in developing healthcare infrastructure faces numerous challenges that
are neither highlighted nor well documented. This study examined important issues that
typically limit the use of biophilic features, based on a review of published literature. The
study identified regulatory compliance and cost constraints as the main categories of chal-
lenges faced in the implementation of biophilic design. The study recommends awareness
and engagement of all stakeholders from the design stage to the implementation stage and
post occupancy evaluations, as well as financial incentives to encourage the adoption,
innovation and development of specialized skills and business ventures in biophilic design
and sustainable infrastructure development.

Keywords: Biophilic Design Principles, Biophilic Design Challenges, Hospital
Infrastructure, Built Environment, Review

1 INTRODUCTION

The major point of biophilic design in architecture is to create a close relationship with
nature in order to improve people’s health and productivity. These guidelines promote
peaceful coexistence with nature through the integration of natural elements into the built
environment. The fundamental concepts of biophilic design are as follows: visible and phy-
sical (Bahador 2023), indoor-outdoor relationship with the natural environment (Chawla
2012), organic forms and designs (Djouad 2021), natural light and natural ventilation (Gillis
and Gatersleben 2015), natural and locally sourced building materials (Jaheen and El-
Darwish 2021), use of water elements (Alam 2023), as well as multisensory and cognitive
functional spaces (Peters and D’Penna 2020). Applying these biophilic design concepts,
architects and designers may create environments that enhance human health, well-being,
and productivity while simultaneously forging a robust and long-lasting bond with the
natural world.

According to Untaru, Ariza-Montes, Kim, and Han (2022), the application of biophilic
design principles in healthcare environments has been shown to improve recovery outcomes,
lower stress levels, and promote well-being. Research indicates that having a view of the
outdoors and incorporating biophilic patterns into healthcare settings, directly improves
people’s well-being, reduces discomfort, and speeds up their recuperation from disease and
operation procedures. Research indicates that biophilic elements, such natural light,
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vegetation, and access to nature, can help patients heal more quickly, experience less mental
stress, tolerate pain better, and spend less time in the hospital (Untaru 2023). As a result,
biophilic design is becoming more and more important in the healthcare industry, because it
is seen to humanize healthcare spaces and thus enhancing emotional well-being and
improving the overall experience for both patients and healthcare professionals (Kellert
2015). Totaforti (2018), further explained that well-known medical facilities that demon-
strate the successful application of biophilic design in hospitals have improved patient out-
comes and experiences as a result.

Studies have shown that using biophilic design principles in hospital infrastructure can
help solve a variety of problems and improve the overall resilience of healthcare settings.
Biophilic design architecture makes a significant contribution to the design of resilient
infrastructure for hospitals by incorporating natural elements that improve the well-being of
patients, staff, and visitors while also increasing the resilience of healthcare facilities.
Biophilic design architecture is essential for building resilient hospital infrastructure in the
following domains: enhancing healing environments (Purani and Kumar 2018), improving
resilience to disasters (Sunindijo ez al. 2019), promoting sustainable practices (Achour ez al.
2014), fostering collaboration and innovation (Guzzo et al. 2022) and addressing stakeholder
needs (Bergered et al. 2022).

1.1 Aim and objectives

Despite the fact that previous studies acknowledge the potential of biophilic design in hos-
pital settings, the implementation of biophilic principles in healthcare infrastructure is faced
with many challenges that are neither highlighted nor well documented. Therefore, there is
limited knowledge about the challenges of implementing biophilic design principles in hos-
pital infrastructure development. This study aimed at bridging this knowledge gap, drawing
insights from an extensive review of published literature, dissecting the hurdles and limita-
tions inherent in applying biophilic design principles within hospital environments, focusing
on three main objectives. Firstly, delineating the many challenges encountered while
implementing biophilic design strategies in hospitals, as documented in existing scholarly
works. Secondly, categorizing these difficulties and identifying recurring themes and patterns
in various sources; and lastly, to spotlight the primary barriers observed in executing bio-
philic design strategies in hospital contexts.

Through achieving the said objectives, the study contributes not only in addressing the
theoretical knowledge gap in biophilic design principles and hospital infrastructure, but also
offers valuable insights that can inform decision-making processes and facilitate the for-
mulation of standards and regulations to promote sustainability and resilience in hospital
infrastructure development.

The study encourages innovation and the development of specialized skills and business
ventures in biophilic design and sustainable infrastructure by pushing architects, engineers,
contractors, and other construction professionals to devise design solutions and develop
construction strategies that address implementation challenges. The research provides more
support for the application of biophilic design, thereby advancing sustainability—a critical
component for developing nations confronting environmental concerns. Greener urban
development can be promoted and energy consumption can be decreased by implementing
biophilic concepts in improved hospital designs.

With practical insights for all parties involved, the study provides a thorough under-
standing of the challenges to implementing biophilic design in hospitals. It also offers an
educative platform for decision-makers on the advantages and difficulties of biophilic
design, resulting in laws and incentives that encourage the construction of sustainable
healthcare infrastructure. The study is also a useful resource for academic institutions to use
as teaching material for improving courses on sustainable development, architecture, and
healthcare administration.
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2 METHODOLOGY

The research is a literature review that made use of qualitative research methodology. The
conduct the study, five steps were used. Step one involved identification of the research
problem and aim of the study. The second step was the development of research objectives to
achieve the aim of the study. Step three involved gathering of data from secondary sources
such as published literature in Scopus, Science Direct, and Google Scholar, to identify and
categorize the different causes of challenges in implementing biophilic design in hospitals,
using the following keywords: biophilic building principles, hospital design, implementation
challenges, causes and limitations. The fourth step involved gathering of 105 documents
published between 2007 and 2024 that were selected based on a review of their topics and
abstracts that contain related thoughts to the purpose of the study. The fifth step involved
the selection of 30 of the documents that eventually constitute the sample size of literatures
reviewed and data collected from them, after a careful scrutiny of their text. The data was
content analysed by theme analysis using descriptive approach. The results were presented in
themes with a table and a diagram to facilitate understanding.

3 RESULTS AND DISCUSSIONS

Implementing biophilic design in architecture can be challenging due to various building
design constraints. These challenges can hinder the seamless integration of natural elements
into the built environments, impacting the effectiveness of biophilic design principles. To
compound these challenges, there is limited knowledge on the causes of the difficulties
involved in using biophilic design concepts in hospital environments. There is also no clear
understanding and documentation of the number of causing factors and their categories,
associated to the planning, design, construction and operation of hospitals. To bridge this
knowledge gap, 15 different causes of challenges to biophilic design in hospitals were dis-
covered as presented in Table 1.

Table 1. Causes of challenges in the implementation of biophilic design strategies in hospitals
arranged according to rating, based on the number of publications identifying the causative factor.

No. of

No. Causative factor articles Rating Sources

1. Building Codes, Standards, Guidelines and Regulatory 8 Ist 10,14,17,19,33,37,38,42
Compliance

2. Cost Constraints including initial, operational, return on 7 2nd 16, 25, 26,27, 28, 29,39
investment, cost benefit analysis and maintenance costs

3. Maintenance and operational requirements, including plan 6 3rd 14,16,35,36,37,40
care demands, operational efficiency, indoor air quality and
environment

4 User preferences 5 4th  9,15,21,23,41

5. Space limitation 2 Sth 10,16

6.  Adaptation to Local and Urban Contextual issues 2 Sth 12

7 Infection Control Measures 2 5th 31,34

8. Structural limitations 1 6th 16

9.  Technical expertise 1 6th 17

10. Climatic adaptations 1 6th 12

11.  Symbolism and meaning 1 6th 23

12.  Spiritual and ritualistic practices 1 6th 23

13. Historical Context 1 6th 22

14.  Perception of nature 1 6th 20

15.  Functional Requirements 1 6th 20
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From the data displayed in Table 1, the main categories of challenges were the building
codes and costs contains, followed by maintenance requirements and user preferences issues
faced in implementation of biophilic design in hospitals, especially in developing economies.
The causes of the challenges identified in implementing biophilic design strategies in hospi-
tals were categorised under seven main groupings as illustrated in Figure 1.

Figure 1. Categories of causes of challenges in implementation of biophilic design strategies in
hospitals.

The seven categories of the causes of the challenges of implementing biophilic design
strategies in hospital developments are examined as follows:

3.1 Building design and considerations

Incorporating biophilic design elements, such as green roofs, natural materials, and water
features, into a building will result in higher construction and maintenance costs, which will
present financial challenges for the project’s implementation. The integration of large-scale
biophilic components, such as abundant vegetation or indoor gardens, may be restricted in
building designs with limited space, hence restricting the possibility to create immersive
natural environments. Due to structural limitations and retrofitting difficulties, existing
building structures might not be suitable for implementing biophilic features, such as natural
light optimization, ventilation systems, or living walls. It can be difficult to maintain bio-
philic elements like living walls, water features, and vegetation over time, especially in
commercial buildings or high-traffic areas (Guzzo et al. 2022). According to El-Baghdadi
and Desha (2017), the application of some biophilic design components may be hampered by
building rules and laws, particularly in urban settings where zoning limits and environmental
requirements must be taken into account. It might be difficult to find the specific knowledge
and technical expertise experience needed to design and execute biophilic features in fields
like landscape architecture, ecological design, and sustainable building techniques (Mahrous
et al. 2022). Striking a balance between biophilic design components, user preferences, and
functional requirements can also be challenging since different people may have different
views on how to integrate nature, which could affect the design’s overall success (El-Bannany
et al. 2022). The viability of some biophilic aspects is also determined by local climates and
ecosystems, since certain natural features might not flourish or be viable in particular cli-
matic conditions (Parsaee et al. 2020).
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3.2 Cultural considerations

Different cultures interpret colours, patterns, and natural elements metaphorically.
Misunderstandings or resistance may occur when biophilic design elements go against cultural
norms or beliefs. Because cultural aesthetics and design traditions vary by region, biophilic
design needs to cater to local tastes in order to be well-received. When working with particular
cultures, it can be challenging to find a balance between spiritual considerations and design
aesthetics because of their ritualistic or spiritual connections to nature, which have an impact
on how biophilic design is viewed and used (Tomasso et al. 2021). The influence of historical
and cultural legacies on design decisions is profound. When integrating biophilic elements, a
location’s cultural legacy must be honoured and reflected, which necessitates significant
thought and understanding. In order to successfully integrate biophilic design within the spe-
cific cultural and environmental context, considerations such as climate, location, and cultural
norms must be made (O’Sullivan et al. 2023). Effective design must include local communities
in order to understand the needs, customs, and values of the community. Socioeconomic
disparity and resource availability impact the viability and adoption of biophilic design,
making it challenging to maintain cultural values while ensuring affordability and inclusivity
(Ferreira et al. 2020). Since diverse cultures have differing viewpoints on nature, the wild-
erness, and urban green spaces, it is challenging to apply biophilic design to create inclusive
and culturally sensitive ecosystems (Barbiero and Berto 2021).

3.3 Economic considerations

One of the greatest challenges is the cost of implementing biophilic design components in
hospitals. The initial cost of adding natural elements like plants, water features, and natural
materials can put healthcare facilities in a tough financial situation. Funding biophilic design
projects may have to compete with other important medical expenses due to the rising cost of
hospital operations. Finding a balance between healthcare facilities’ overall financial con-
straints and the costs associated with integrating biophilic design can be challenging (Dion
and Evans 2022). It might be difficult to prove the financial advantages of biophilic design in
healthcare settings. Hospital administrators may need to provide proof of the financial gains
from biophilic design, such as better patient outcomes, lower operating expenses, and higher
employee satisfaction (Shin ez al. 2022). Dion and Evans (2023) stated that, given competing
demands for healthcare, integrating features inspired by nature necessitates careful resource
allocation and prioritisation. Water components, green roofs, and living walls are examples
of biophilic design elements that need constant upkeep and attention. Hospital finances and
resources may be strained by the ongoing operating expenses related to preserving biophilic
features (Gola et al. 2020). It is imperative to carry out a comprehensive cost-benefit analysis
prior to introducing biophilic design in hospitals. While assessing the financial effects, pos-
sible savings, and advantages of biophilic design projects can be difficult, doing so is essential
for making decisions (Almusaed et al. 2022).

3.4 Regulatory compliance

To safeguard patients, hospitals are required to adhere to stringent infection control proto-
cols. According to Tekin, Corcoran, and Gutiérrez (2022), biophilic materials, like plants
and water features, have the potential to harbour bacteria and pathogens, making infection
prevention and hygiene more difficult. Hospital design must adhere to healthcare regulations
and construction norms, which may restrict biophilic features like big windows or green
walls because of fire safety regulations, privacy concerns, or structural integrity issues
(Mahrous et al. 2022). In order to prevent maintenance problems or safety hazards, biophilic
aspects must be carefully studied. Patient and staff safety is of the utmost importance
(Mollazadeh and Zhu 2021). The incorporation of biophilic characteristics may be impacted
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by noncompliance with healthcare standards, especially with regard to cleaning and main-
tenance (Untaru et al. 2022). Finding a balance between the therapeutic benefits of biophilic
design and the functional needs of healthcare facilities like patient care and workflow effi-
ciency, can be challenging. Ensuring accessibility for patients with disabilities or mobility
challenges is crucial, as some biophilic features may not comply with accessibility criteria
(Zhao et al. 2022).

3.5 Operational issues

In order to remain healthy and dynamic, biophilic design elements such as living walls,
vegetation, and water features need to be maintained on a regular basis. Hospitals must set
aside money for continuing, labour and money, intensive plant maintenance such as prun-
ing, watering, and pest control. Understanding horticulture is crucial for integrating green-
ery into medical settings, guaranteeing plant development, controlling seasonal changes, and
preserving the health of indoor plants (Ebekozien ez al. 2021). Hospitals prioritize interior air
quality in order to keep visitors, employees, and patients in a healthy environment. Because
adding biophilic elements might alter humidity, air circulation, and allergens, it is essential to
monitor and manage them appropriately (Jandali and Sweis 2018). Hospitals must imple-
ment strict infection control protocols in order to stop the spread of infections. Biophilic
elements, especially water features and plants, might make microbiological control and
cleaning more difficult, necessitating the use of strict infection control methods (Gola et al.
2019). It’s critical to strike a balance between the aesthetic advantages of biophilic design
and operational efficiency. To guarantee that biophilic elements do not compromise patient
safety, interfere with workflow, or prevent access to medical equipment, careful design and
integration are required. Respecting the legal requirements for infection control, indoor air
quality, and facility upkeep is essential. Observing these guidelines combines biophilic ele-
ments with patient safety (Yousefli et al. 2017).

3.6 Spatial constraints

Hospitals often lack the space required for biophilic features like plants, water features, and
natural materials, especially when located in urban areas. The implementation of biophilic
design concepts, which involve gardens, plants, and outdoor areas, is impeded by spatial
limits (Untaru et al. 2022). The integration of biophilic features in urban hospitals can be
hindered by restricted access to green spaces and natural surrounds (Tekin ez al. 2022). Also,
Urban hospitals’ emphasis on interior spaces often restricts options for biophilic elements
like views of flora, outdoor access, or natural light, affecting indoor biophilic design (Zhao
et al. 2022). Careful design is necessary to ensure that biophilic features are accessible to
patients, staff, and visitors in hospitals with limited space (Cabanek ez al. 2020). It is difficult
to incorporate biophilic elements while achieving operational goals in hospitals since they
have special functional needs that must be met in small areas (Barbiero et al. 2021). Due to
the potential negative effects of space limitations on patient experiences and health, inno-
vative approaches to creating healing spaces with biophilic elements in compact spaces are
required (Untaru 2023).

3.7 Stakeholders’ resistance

Hospital managers, staff, and patients are examples of stakeholders who may not fully
understand the concepts of biophilic design. Another potential source of resistance is a lack
of understanding of the benefits of incorporating nature-inspired features into healthcare
environments. The application of biophilic design may result in perceived disruptions to
current hospital operations, which may be the source of resistance. When changes are seen as
a threat to established procedures and workflows, stakeholders may oppose them. Hospitals
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may need to make additional investments in order to implement nature-inspired aspects, and
stakeholders may be reluctant to commit funds in the absence of convincing cost-benefit
analyses (Edwards 2023). Diverse aesthetic preferences among stakeholders can also create
resistance to nature-inspired design elements (Prugsiganont and Waroonkun 2021).
Operational concerns, such as higher maintenance needs for vegetation and infection control
issues, may further oppose biophilic design (Kilaru ez al. 2022). Stakeholders may also resist
biophilic design if it contradicts existing rules or conventions in healthcare facilities.
Resistance is often exacerbated by inadequate stakeholder participation and insufficient
information about the benefits of biophilic design. Effective communication strategies are
essential to address concerns and gain support for biophilic initiatives (Shepley er al. 2022).

4 CONCLUSION AND RECOMMENDATIONS

This review identified and categorized the different causes of difficulties and limitations
involved in using biophilic design concepts in hospital environments. A number of causes of
the challenges in implementing biophilic design strategies in hospitals were identified from
published literature. The review identified regulatory compliance and cost constraints as the
main categories of challenges followed by maintenance requirements and user preferences
issues faced in implementing biophilic design in hospitals, especially in developing econo-
mies. In addition, seven categories of the causes of the challenges in implementing biophilic
design strategies in hospitals were discovered and examined. They include: building design
considerations, cultural considerations, economic considerations, regulatory compliance,
operational issues, spatial constraints and stakeholders’ resistance.

To address the challenges of implementing biophilic design principles in hospital infra-
structure development, the study recommends the following: First, efforts should be made by
building professionals to create awareness and engagement of all stakeholders from the
design stage to the implementation and post occupancy evaluations stages. Second, gov-
ernment agencies managing innovative discoveries should provide financial incentives for
incorporating biophilic features and for encouraging innovation and development of spe-
cialized skills and business ventures in biophilic design and sustainable infrastructure. These
efforts are likely to push professionals more, to devise design solutions and develop con-
struction strategies that address implementation challenges.

Through achieving the objectives of this study, the paper contributes to advancing knowl-
edge by providing more illumination towards understanding the causes of the challenges
associated with biophilic design in healthcare settings. Moreover, it has provided useful
insights that can inform decision-making processes and facilitate the development of standards
and regulations to promote sustainability and resilience in hospital building design. The study
recognizes that literature review has limitations, especially in the fact that it uses secondary
data. However, this does not negate the contributions of the study. In order to overcome this
obstacle and encourage the incorporation of biophilic design concepts in hospital environ-
ments, the review concludes by highlighting the importance of further research on inter-
disciplinary cooperation, creative solutions, and evidence-based tactics on the implementation
of biophilic design strategies in hospital settings. The study further recommends that research
should be carried out to identify and analyse the causes of limitations in application of bio-
philic design from a selected sample of hospitals within one of the growing economies.
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ABSTRACT: Over 30% of the world’s population resides in informal settlements, lacking
urban infrastructure, essential services and are often located in risky areas. These settlements
are prone to socio-environmental disasters, pollution from industrial activities, and hillsides
without proper management. This research aimed to assess the factors and impacts of informal
settlements in Musanze, Rwanda, using a sample size of 361 households. 5-point Likert scale
questionnaires were used and analysed through SPSS. Findings indicated some level of
agreement from the sample size, concluding that informal settlements were located in hazar-
dous areas with steep slopes, affected by natural disasters, and impacted by structural and
locational factors, affecting property values and difficulty in assessing tax, hence resulting in
low level of revenue collection required for service provision. The study concluded that sus-
tainable urban development is necessary, requiring efficient land planning and regulation
systems to provide affordable housing for the growing population resulting from urbanisation.

Keywords: Informal settlement, Sustainable, urban development, infrastructure develop-
ment, Musanze

1 INTRODUCTION

The problem of informal settlement is a well-known challenge affecting over 30 per cent of
the world’s urban population (Aboulnaga et al. 2021). These communities have grown
remarkably, and despite 50 years of government intervention in most countries, their
expansion has not been controlled. Most emerging cities cannot survive without them
because of how economically, geographically, and socially interconnected they are with their
urban environments; nonetheless, there is a persistent urge to remove them, which concerns
place identification and urban imaging concerns. In third-world nations, informal settle-
ments and urban informality are significant issues. They significantly impact the housing
supply and demand market and are mainly formed due to rising housing demand and
shortage of affordable housing supply. Informal settlements are residential places where
residents live non-responsibly, ranging from informal house rentals to illegal residences
(Williams et al. 2019). They are frequently formed and carried out without considering town
planning strategies; hence, in most cases, they are considered illegal. The relationship
between legality and illegality in informal settlements is complex, and it allows for the
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simultaneous existence of self-built housing and settlements formed through illegal land
invasion with the informal subdivision of highly valuable land that has been legally acquired
or transferred (Sarrafi and Kheyroddin 2022). This complicates the urban system, as land
markets, government, and many public and private players are involved. The impact of this
phenomenon demonstrates the need for further thought and investigation into the notion
that informal is merely the contrary of formal. Buildings not protected by the state or under
government control or regulation are subject to this kind of illegality.

These settlements are characterised by most homeowners frequently ignoring safety laws.
These dangerous locations are vulnerable to socio-environmental disasters, located near pollut-
ing industrial activities, slopes that are not well managed, river banks that are prone to flooding,
and typically lack basic urban infrastructure and services, among other factors (Anwana et al.
2023; Corrall 2010). Informal settlement falls into two recognised qualifying categories: semi-
formal and slum (Aboulnaga et al. 2021). The most impoverished and disadvantaged type of
informal settlements are slums. They are characterised by extreme poverty and enormous clus-
ters of run-down dwellings in the riskiest metropolitan areas near factories, landfills, swamps,
degraded soils, and flood zones. Slum residents also face continual threats of eviction, illness,
and violence in addition to a lack of public space, vegetation, and essential infrastructure and
services, including tenant instability. This informal settlement, among many other factors, is
caused by Urbanization. In certain places, migration has accelerated urbanisation and fast
population growth. Developable land has not been made available through the official land
delivery channels at a pace that keeps up with population expansion. Informal settlements grow
due to an increasing urban population and housing demand. In that instance, most developing-
nation cities have found it challenging to keep up with the pace of infrastructural planning and
development necessary to meet the demands of an expanding populace (Kranthi and Rao 2009).
This creates enormous issues for governments and ordinary individuals, as most rapidly
expanding metropolitan regions already have high poverty levels, unemployment, informality,
environmental risk, and housing and service backlogs (Williams ez al. 2019).

Poverty and social isolation are the primary characteristics of informal settlements.
Because residents of these settlements are typically lower-income earners, their limited
financial capacity affects them, and they ultimately sell their houses at low prices to meet
their requirements (Ferlan ez al. 2017). Lack of access to basic urban services, like water and
sanitation, in informal settlements drives away potential tenants and forces property owners
to sell at prices below market value. Additionally, because informal settlements are
unplanned and thus uncared for, the absence of these essential services hinders potential
tenants and lowers property values (Castro ef al. 2015). Although those without unques-
tionably dependable employment cannot find inexpensive houses to buy or rent within their
community, informal settlements typically lower real estate prices. Some poor urban people
who want to live in cities are forced to leave their homes and dwell in informal settlements
because of their income and the high land cost. The social and economic well-being of the
residents, as well as the overall functioning of the land market, are impacted in different
ways by these well-established informal settlements (Bizimana et al. 2012).According to the
characteristics of the unofficial settlements present in certain metropolitan regions, most
specialists in urban housing have deduced that it is more reasonable to upgrade the infra-
structure in these neighbourhoods rather than demolish the current buildings and construct
serviced towns in other locations. A thorough investigation revealed that the initial plan of
clearing the existing structures and then redeveloping is not financially possible, considering
the local households’ investments already made (Bah et al. 2018).

In Rwanda, land is still the sole property of the state, and the government has the authority
to use, develop, and occupy it through a system of permits. When land leaseholders in urban or
suburban regions cannot develop their plots of land for housing, the state is authorised to
acquire the land since it still holds eminent ownership of the land. The government of Rwanda
attempted to implement various measures, including expropriation and relocation, to enforce
building regulations following the master plan for the implementation area and to maintain
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property value by providing essential features and establishing various land reforms, laws, and
policies that govern the land market. Rwanda has been utilising master plans as a tool for
urban planning, but it has not given the land needed for housing or measures to raise the value
of residential real estate. Several factors led to the development of informal settlements,
including the most dangerous places, fast urban growth, and boundary reform (Kohli ez al
2016). This results in most people occupying land without properly managing its land use. In
light of this situation, property values appear low due to underdeveloped infrastructure,
including power, water, and transportation systems. However, some improvements and
developments have been made to the land to control the spread of informal settlements and
increase the value of residential property in Rwanda. Several parties in Kigali, including the
government, Rwanda Housing Authority, and the Ministry of Infrastructure, have con-
centrated on building new homes and improving urban infrastructure (Manirakiza 2014).

Given an overview of unplanned settlements, it is essential to consider the implementation
of sustainable urban development. Sustainable urban development is critical for addressing
the issues of growing urbanisation, such as affordable housing, infrastructure, and environ-
mental impact (World Bank 2023). Sustainable urban development is commonly defined as
development that meets the needs of present generations without compromising the ability to
meet the needs of future generations (Jones 2017; Keeble 1988). It aims to build cities and
towns that benefit human and environmental health in the long run. Sustainable infra-
structure is defined as planned, designed, built, operated, and decommissioned systems to
ensure economic, financial, social, environmental (including climatic resilience), and insti-
tutional sustainability over the full infrastructure life cycle (UNEP 2024). These two con-
cepts go hand in hand, as sustainable urban development cannot be achieved without
sustainable infrastructure development. However, to attain the goal of sustainable urban
development, key strategies include protecting and restoring natural ecosystems in urban
settings and creating communities that foster human potential—managing land and
resources wisely. Unplanned settlement comes with challenges that make it almost impos-
sible to achieve sustainable urban development. Elgohary et al (2024) state that three
branches of sustainable development (environmental, social, and economic) satisfy the
requirements of the present generation without jeopardising the future generation’s ability to
achieve their own needs and aspirations. These can be used to address the issues of informal
areas, and their study proposed a checklist of sustainable development principles responsive
to the characteristics of informal settlements by identifying informal areas’ sustainable
development concepts, which are divided into four categories: economic, social, environ-
mental sustainability, and quality of life, as well as evaluation and maintenance. Economic
sustainability encompasses fundamental needs, employment and productivity; social sus-
tainability concerns health, education, community safety, equality, freedom of choice, and
participation. Environmental sustainability includes transportation, earth and soil, elec-
tricity, water, natural resources, waste, building infrastructure and sewerage. At the same
time, quality of life is more concerned with evaluation and check-ups.

In order to assess the informal settlement factors and impacts, the study aimed to establish
and assess the level of household agreement in Musanze to factors and impacts as highlighted
through the use of a 5-point Likert scale; the study brings to light issues which are prevailing in
the context of developing nations in Africa with a unique focus on Musanze district.

2 MATERIALS AND METHODS

2.1 Study area

This study was conducted in the Musanze district, an urban area with a high urbanisation
rate. Nestled in the northern region of Rwanda, Musanze district is a captivating area
spanning 530.3 square kilometres. Home to a population of 476,522 people according to the
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2022 census, the district’s landscape is characterised by its lush hills and valleys. With a
population density of 898.6 individuals per square kilometre, Musanze thrives as a bustling
activity centre. The district has experienced a modest annual population growth rate of 2.6%,
indicating a stable demographic trend. Informal settlements are a notable feature of
Musanze’s social landscape, housing a significant portion of the district’s population. These
settlements, marked by makeshift dwellings, represent both resilience and challenge within
the community. Inhabitants of all ages navigate the complexities of daily life amidst the
backdrop of Musanze’s natural beauty.

Musanze’s demographic composition reflects a diverse range of age groups, with a
notable concentration of youth. The district’s urbanisation is balanced, with 242,264 resi-
dents in rural areas and 234,258 in urban centres, blending tradition and modernity. The
district’s climate is moderate, with an average annual temperature of 15.9°C (60.6°F) and an
annual rainfall of approximately 1845 mm (72.6 inches). February stands out as the warmest
month, with an average temperature of 16.4°C (61.5°F), while November is the coolest,
averaging 15.4°C (59.8°F). Musanze district embodies a harmonious coexistence of nature
and human habitation, where the rhythms of life intertwine amidst the scenic beauty of the
landscape (National Institute of Statistics of Rwanda (NISR) 2023).

Figure 1. Administrative map of Musanze District. Source: Author.

2.2 Methods

A simple random sampling technique was applied to select the sample size, which guaranteed
equal chances of participation in the survey for the whole population within the study area.
Sample size, being a phase of research, is most important because of its significant impact on
managing the time and finances that must be used in the data collection process (Kothari
2004). A sample size of this research was obtained from about 119,387 households in the
Musanze district (NISR) 2023), and it was calculated with the help of Yamane’s formula.

N

T 1+ N(e) ®

n

From the formula above, n represents the sample size, N represents the number of house-
holds, and e represents the sampling error, equivalent to 5%, which meant (0.05) with a sig-
nificance of 95% confidence level resulting in a sample size of 398 households, which was used
in the study. Three hundred ninety-eight questionnaires were distributed among the
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households in Musanze district. However, 361 questionnaires were retrieved with responses for
further data processing and analysis to generate the desired results of this research. The study
used both primary and secondary data sources; primary data was collected using 5-point
Likert Scale questionnaires and processed using SPSS software version 22. After data pro-
cessing and analysis, the results were interpreted using Matlab version 2018. The existing
literature, such as various books, journals, and office reports relevant to the informal settle-
ment, was used to collect the secondary data. Primary data

3 RESULTS AND DISCUSSION

Figure 2 has three graphs and a pie chart representing various demographic data of the
sample size, and these include Gender Distribution as presented on the pie chart shows a
nearly even split between males (52%) and females (48%), indicating a balanced gender ratio
in the population. The Age Distribution given by the bar graph reveals that the majority of
individuals are in the “50 and above” age group (195 individuals), followed by the “30-49”
age group (133 individuals), and the least in the “18-29” age group (32 individuals). This
suggests an ageing population with many middle-aged and older adults. The Housing
Situation comprises renters and property owners, showing more renters, which implies a
dynamic or transient population or challenges related to housing affordability. Last but not
least, the sample Employment Status given by the bar graph displays almost equal numbers
of business owners, employed individuals (who are not business owners), and unemployed
individuals. This distribution suggests a diverse economic structure balancing entrepre-
neurship, employment, and unemployment.

3.1 Demographic data

Figure 2. Sample demographics.
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3.2 Features of informal settlement

Figure 3. Features of informal settlement.

There are various features of informal settlements found in several areas. The results of this
research, presented in Figure 3, reveal significant challenges that highlight the urgent need for
sustainable urban development. Most respondents (57.06%) strongly agree that these settle-
ments suffer from inadequate housing, indicating a dire need for improved construction and
housing standards. Overcrowding is a prevalent issue, with 53.46% agreeing that families live
in cramped conditions, leading to severe health and sanitation problems. Furthermore, 50.42%
of respondents strongly agree that there is a lack of access to essential services such as clean
water, sanitation, and proper sewage systems, emphasising the necessity for substantial sus-
tainable infrastructure investments and development. The economic aspect is also critical, as
60.11% agree that these areas are predominantly occupied by low-income families, high-
lighting the need for economic empowerment and affordable housing solutions. Additionally,
63.43% strongly agree that these settlements are in hazardous areas susceptible to natural
disasters like floods and landslides, underscoring the importance of incorporating disaster risk
reduction in urban planning. These findings collectively stress the need for a holistic and
inclusive approach to urban development, focusing on improving housing, infrastructure, and
economic conditions to foster resilient and sustainable communities.

3.3 Factors causing informal settlement

Figure 4. Factors causing informal settlement.
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The obtained results, as presented in Figure 4, show that several key factors contribute to
informal settlement. A significant portion of respondents (196, 54.29%) strongly agree that
rapid urbanisation is a primary cause as cities struggle to keep pace with the influx of people.
Additionally,232 respondents, 64.27%, agree that limited access to affordable housing forces
many into informal settlements. A striking 66.76% (241 respondents) strongly agree that
inadequate infrastructure and social services exacerbate the problem, while 57.89% (209
respondents) identify informal land and real estate markets as contributing factors. Poor
planning and implementation of zoning regulations, agreed upon by many respondents,
further facilitate the growth of these settlements. Lastly, 246 respondents highlight limited
access to credit and financial services as barriers to securing formal housing. Addressing
these issues requires comprehensive policy reforms that promote sustainable urban planning,
investment in infrastructure, and affordable housing development. Policies should also focus
on regulating land markets, enforcing zoning laws, and expanding financial services.
Additionally, tackling the impact of climate change is crucial, as informal settlements often
lie in vulnerable areas. Integrating these efforts aligns with the Sustainable Development
Goals, particularly Goal 11, which aims to make cities inclusive, safe, resilient, and
sustainable.

3.4 Impacts of informal settlement

Figure 5. Impacts of informal settlement.

Informal settlement can have significant impacts on the surrounding areas. The results of
this research, as presented in Figure 5, show that most respondents (249, 68.98%) strongly
agree that these settlements lead to higher maintenance costs for nearby properties. This
increased burden can deter property owners and investors from maintaining and improving
their assets, negatively affecting overall neighbourhood quality. Furthermore, 203 respon-
dents, 56.23%, agree that informal settlements limit investment and development, as the
uncertain and often unregulated environment discourages financial commitments.
Additionally, 69.53% of respondents (251) agree that informal settlements discourage plan-
ned settlement, disrupting urban planning efforts to create organised and sustainable com-
munities. The study also finds that 51.52% of respondents (186) believe these settlements
reduce the demand for formal housing, as potential buyers may perceive the area as less
desirable. Lastly, 60.11% of respondents (217) agree that informal settlements affect prop-
erty tax assessments, leading to potential reductions in local government revenues, which are
crucial for funding public services and infrastructure.
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To effectively address the challenges posed by informal settlements, practical solutions
must be pursued that integrate these communities into the broader urban framework. This
entails initiatives like regularising land tenure to grant residents legal ownership, boosting
property values and stimulating investment. Moreover, implementing community-driven
upgrading projects can enhance infrastructure and services within informal settlements,
rendering them more appealing and sustainable. Additionally, fostering public-private
partnerships holds promise for mobilising resources to facilitate affordable housing devel-
opment and infrastructure enhancements. Embracing novel approaches is essential, parti-
cularly in light of climate change considerations, given that informal settlements are
frequently situated in vulnerable areas. By proactively considering the implications of cli-
mate change, policymakers can implement measures to enhance the resilience of informal
settlements and safeguard residents against environmental risks.

3 FUTURE PERSPECTIVES

The future perspectives of this research offer a holistic approach towards sustainable
development in tackling informal settlements in Musanze District and beyond. By leveraging
the study’s findings, policymakers can prioritise targeted interventions to formalise informal
settlements through land tenure regularisation and legal ownership, fostering community
ownership and investment in sustainable infrastructure. Moreover, enhancing essential ser-
vices such as water, sanitation, and healthcare uplifts living standards and promotes envir-
onmental sustainability, mitigating health and ecological risks associated with informal
settlements. Inclusive urban planning, driven by collaboration among authorities, commu-
nities, and stakeholders, ensures that development initiatives are environmentally conscious
and resilient, fostering social cohesion and empowerment while safeguarding natural
resources for future generations. Addressing root causes such as poverty and rapid urbani-
sation through integrated approaches spanning housing, economic, and social policies is
crucial for fostering sustainable urban development that advances equity, resilience, and
inclusivity in Musanze District and similar contexts worldwide.

4 CONCLUSION

It is worth concluding that informal settlements are not organised and unplanned, making it
difficult to provide essential services and hindering sustainable Infrastructure development.
Setting aside land suitable for housing is not without its obstacles. The perceived loss of tax
revenue relative to other uses in specific communities results from households currently
occupying the land not being able to make the land more productive. Upgrading informal
settlements and planning is critical to achieving sustainable urban development. The findings
of this research underscore a range of challenges prevalent in informal settlements within
Musanze District. The factors and challenges highlighted affect the residents’ quality of life
and extend to broader consequences for surrounding areas, including property devaluation
and diminished investment opportunities. Moreover, the research emphasises the imperative
for comprehensive and integrated approaches to urban development. It underscores the
significance of addressing fundamental factors such as poverty, rapid urbanisation, and the
informal land market. Moving forward, practical solutions should prioritise initiatives like
regularising land tenure, enhancing infrastructure and services, fostering inclusive urban
planning processes, and tackling underlying socio-economic determinants. By embracing
these strategies, policymakers can lay the groundwork for a more sustainable, resilient, and
inclusive urban future in Musanze District and beyond.
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ABSTRACT: South Africa’s heavy reliance on coal-generated electricity, combined with
insufficient renewable energy sources, has resulted in a strained energy supply. The struggles of the
state-owned electricity producer, Electricity Supply Commission (Eskom), to keep up with the
increasing demand have led to frequent planned and unplanned power outages. This study
explores the dynamics of energy demand and supply in Soweto’s densely populated townships,
which are characterised by complex spatial configurations. By using a qualitative approach and
non-probability sampling, data was collected from households, businesses, and government par-
ticipants. Content and discourse analysis revealed that inefficient and ageing infrastructure,
including, vandalism, and limited capacity, is the cause of these outages. The government’s neglect
and Eskom’s failure to upgrade and develop infrastructure have worsened the situation. To
achieve a sustainable energy supply, spatial and energy planning should prioritise the integration.

Keywords: Energy, Coal, Planning, Outages, Soweto of renewable energy sources

1 INTRODUCTION

The South African electricity supply still relies on unrenewable energy. Whereas continuation
of depending on non-renewable resources to generate electricity threatens the government’s
commitment to the Paris Agreement and Sustainable Development Goal 7, which advocates
for green and clean energy provision that is renewable, affordable, and accessible (Merven
et al. 2021). More than 90% of South African electricity is generated through Coal-Fired
Power Plants (CFPPs) that are mostly operated and managed by the state-owned enterprise,
Eskom (Zerizghi et al. 2022). The CFPPs were built closer to coal mines for convenient
transportation; hence, in the past, the South African tariff was among those with the lowest
price in the world (Pretorius 2015). However, recently there is insufficient managing of these
CFPPs that resulted to the implementation of load-shedding (Du Venage 2020). Since 2007,
the country has been experiencing frequent power outages (Nkosi and Dikgang 2018).

Power outages occur in a particular area or region for a certain time when there are
electrical faults caused either by a technical disturbance or an intentional shutdown by
Eskom within the grid (Ahadu 2019; Falama et al. 2022; Ngan 2010). An intentional shut-
down happens when the demand outstrips supply, and then a scheduled alternative time
shutdown is implemented to save energy or release pressure on the grid to avoid damage to
the infrastructure (Arthur et al. 2019; Bailey 2022). For example, load-shedding is a planned
outage where the end-users are mostly notified in time of when load-shedding will be
implemented. There is also an unplanned outage that happens when a single or multiple
deficiencies disrupt the normal flow of electricity within the grid (Mahzarnia et al. 2020). In
other cases, it is related to the damage of infrastructure caused by natural hazards or man-
made disaster impacts that trigger technical faults.
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Numerous scholars have explored the distribution of electricity and the issue of power
outages that affect communities, businesses, and public institutions within Soweto townships
within the City of Johannesburg, in Gauteng province of South Africa (Egan and Wafer
2004; Khumalo and Pretorius 2017; McDonald and Bond 2001). However, there is a lack of
studies that focused on the causes of the power outage related to the impact of illegal elec-
tricity users found in the backyard units of Soweto. Some studies have investigated the issue
of Soweto power outages in relation to the distribution network infrastructure, its reliability
and the installation of prepared meter implications based on various household incomes
(Khumalo 2016; Mbohwa et al. 2019). Instead, these studies have not yet investigated the
development and growth of end-users of electricity that are exacerbated by backyard units.
The increase in backyard units put a constraint on the existing infrastructure, especially the
electricity grid infrastructure that was not designed to accommodate backyard units
(Khumalo 2016).

The recurrence of outages hinders the growth of local economic activities and social
development (Alhelou et al. 2019), particularly in townships. This affects economic pro-
ductivity by not supporting manufacturing, communication, and service delivery to function
efficiently. A reliable and accessible source of electricity contributes to human capital
development and a country’s economic growth (Ramachandra 2009). Hence, this study’s
first objective is to investigate the socio-economic challenges faced by end-users along the
Bolani Road, this road is the social and economic precinct of Jabulani. The second objective
is to explore the strategies employed by the Bolani Road residents, businesses, and institu-
tions as coping mechanisms to support economic activities and sustain livelihoods.

The Integrated Development Plan of the City of Johannesburg (2019: 19) stated that
“Provision of basic services to the community of Johannesburg is comparatively high, with the
majority of households (both formal and informal) enjoying access to piped water (98.4%),
sanitation (95.1%), and electricity (90.8%)”. Thus, even the most informal residents in the City
of Johannesburg have access to electricity; however, not stated if it is through the Eskom grid
or house-supplying backyards. Therefore, this study’s third objective is to identify whether the
backyard units on Bolani Road, Soweto, are connected legally to the grid or illegally to
the main house. This would examine the role played by spatial planning at the study site and
the existing energy planning and infrastructure in relation to the recurrence of power outages.

2 CONCEPTUALLY FRAMING SPATIAL AND ENERGY PLANNING

The efficient distribution of energy relies on the integration of spatial and energy planning,
which plays a crucial role in understanding supply and demand dynamics. This study’s
theoretical perspective dissects spatial planning and energy planning, highlighting their
importance and the significance of their integration. Planning, in itself, is a vital concept that
involves a scientific approach when gathering and analysing information, enabling decision-
makers to address the consequences of their actions (Millard-Ball 2013). It is essential in
determining aspects that improve electricity accessibility, reliability, and affordability.

Spatial planning, introduced to create comprehensive physical plans, ensures account-
ability for land cover and land use, shaping urban areas (Hersperger et al. 2020; Todes et al.
2010). It involves balancing and managing resources or space for a specific population size in
a particular area (Alexander 2016; Fuseini and Kemp 2015; Gao and Cai 2017). In South
Africa, spatial planning has a complex history, from colonial-era master plans for resource
extraction and importation to apartheid-era segregation and allocation of groups in specific
spaces (Mokoena et al. 2019; Todes et al. 2010; Van Wyk and Oranje 2014). In Soweto,
spatial planning was used to design housing, such as four-room houses for families and
hostels for male workers. After 1994, classical planning approaches were adopted to address
past injustices and ensure equal access to basic needs like electricity (Du Plessis and
Boonzaaier 2015).
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Effective spatial planning is critical for sustaining reliable electricity grids, and decision-makers
must prioritise it in energy planning (Asarpota and Nadin 2020; Chirisa et al. 2024). By inte-
grating spatial and energy planning, we can develop a comprehensive approach to address the
challenges of electricity supply and demand in Soweto. Understanding the patterns and dynamics
of housing dispersion, size, and number, as shaped by spatial planning, is crucial for effective
energy planning. Energy planning involves developing a comprehensive plan that visualises the
possibilities and implications of an energy system using modelling and analysis tools (Sovacool
et al. 2017). This plan ensures that energy is accessible, affordable, and reliable before imple-
menting an electrification program (Mentis et al. 2016). For instance, in South Africa the con-
struction of CFPPs near mines minimised logistics costs, maximised coal availability, and
increased electricity supply reliability (Pretorius 2015). This strategic placement demonstrates how
energy planning considers economic and environmental dynamics to spatial planning.

Moreover, energy planning prioritises safety by identifying suitable sites for power plants
and large electricity grid systems, avoiding catastrophic events in residential areas
(Stoeglehner and Abart-Heriszt 2022). For example, Turkey’s integration of spatial and
energy planning led to the construction of three nuclear plants in a safe location far from
residential areas (Ediger et al. 2018). In contrast, apartheid government built a CFPP within
a residential area of Soweto without considering spatial and energy planning, which was
later demolished in the post-apartheid era (Kintzi 2019).

3 METHODOLOGY

This study employed a qualitative approach to explore the lived experiences of end-users
along Bolani Road regarding power outages. A phenomenology design was adopted to
gather data from participants’ experiences and descriptions of outage implications
(Whittemore 2014). This design enabled in-depth exploration of the study site and provided
a platform for the researcher to gain insight and understanding (Creswell and Creswell
2017). Soweto is an urban periphery area predominantly with black, large and increasing
population. Soweto has experienced a rapid and large increase in population, this influx led
to a proliferation of informal backyard units, as residents sought alternative accommodation
and landlords capitalized on the demand for housing. This rapid population growth has
placed significant pressure on the area’s energy infrastructure, leading to an increase in the
number of end-users of electricity and a rise in illegal connections to the grid.

3.1 Data collection

Non-probability sampling was used to select a representative sample from a larger popula-
tion (Rahman et al. 2022). Purposive sampling was applied to select participants based on
their position and expertise (Rai and Thapa 2015). This included managers of businesses and
institutions, the police station captain, fire station commander, and the ward councillor.
Convenience sampling was used to select one available participant per household (Koerber
and McMichael 2008). Maximum variation sampling was applied to account for hetero-
geneous populations and diverse knowledge and expertise (Berndt 2020).

The researchers acted as a human instrument, using observation, photographing, and
structured interviews (Disman et al. 2017). Structured interviews were conducted to produce
unbiased and reliable data (Adhabi and Anozie 2017). Observation and photographing
captured events and settings, producing visualisations and reflections (Mphafudi 2014).

3.2 Data analysis

Data from recordings, images, and texts were analysed to produce meaningful information.
The data were analysed to be theoretically oriented, and the compiled data technics were
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adopted from Creswell and Poth (2016). Content analysis was used to present trends from
analysed text, recordings, and images (Mathenjwa 2010). Discourse data analysis was used
to interpret theoretical information and break down non-numeric feedback (Mphafudi
2014). The analysis assisted the researcher in understanding the implications of outages
based on participants’ experiences, insight, and expertise. The findings provided a compre-
hensive understanding of the causes, strategies applied, and challenges induced by power
outages along Bolani Road.

4 RESULTS AND DISCUSSION

The interview responses from various participants, together with the researcher’s observa-
tions and photographs taken, indicated that planned or unplanned power outages induce
challenges to economic activities and social development on Bolani Road. Based on the
managers of the garages and the butchery, the recurring outages put a strain on their busi-
nesses, such as additional spending on other sources of energy such as purchasing diesel for
their generators. Falentina and Resosudarmo (2019) claimed that businesses cannot operate
efficiently when faced with the challenges of power outages; instead, in most cases, it forces
businesses to retrench staff. This was one of the challenges the three managers faced. A cut in
staff was happening in other shops in the Jabulani Mall that would close when they were
experiencing an outage. Furthermore, it meant the closing of many shops causing over-
crowding in other shops that use alternative forms of energy.

Most of the unrecognised businesses within households cannot afford to use the alter-
native energy found in formal businesses. Instead, they rather close businesses for a longer
period, which costs them clients, whereas a few of them use smaller generators and gas stoves
to keep their businesses operating. The use of gas stoves requires the continuation of gas
refilling, which is one of the concerns Geyevu (2022) found to be very expensive for victims
of outages. In other words, formal businesses apply the technique Millard-Ball (2013) related
to the advantage of planning, which improves the accessibility of energy. In comparison, the
scale of implications faced by the big formal and small informal businesses are different
because some do and others do not adequately implement the concept of planning.

The institutions also face the challenges of outages, but they have alternative energy
sources such as formal businesses that help them manage and provide services to the com-
munity due to adequate planning for such events, unlike the community. However, the ser-
vice provided to the community by the public institutions sometimes gets severely
compromised by the challenges induced by outages. For instance, the captain of the police
station highlighted that the rate of reporting increases after outages in the surrounding area,
and in most cases, it causes ineffective responses to the crime scene because communities
affected by outages block the roads. The higher criminal activity rate is one of the findings
Geyevu (2022) has noted to be common in townships when there is no electricity. Besides the
delay to the crime scene, the community is unable to immediately call for help because
the network would be down, which is one of the challenges mentioned by the commander of
the fire station.

The network is not the only system that is compromised during an outage; even the
security system, which leaves the premises of these places vulnerable to critically disrupting
services and compromising sensitive information. Sharma et al. (2021) acknowledged that
cyber issues such as malware, breaches, and denial of services find it favourable to attack
public facility systems when there is an outage. Additionally, there are other challenges
facing the community, as demonstrated in Figure 1, apart from the public institution’s
inability to provide adequate services to the community. For instance, most household
participants find it difficult to make food and this affects their daily diet and health because
they cannot take their medication without eating first. Thus, because making food is a
priority, this distracts children from doing their schoolwork since the process of making fire
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(burning wood) for cooking requires a lot of time. Awuah et al. (2014) argue that lack of
resources for improving education, in this case inadequate access to electricity, weaken social
development in low- and middle-income countries, especially now that students make use of
gadgets that require electricity.

Figure 1. Activities hindered and equipment unable to function during outages (Author 2023).

The spatial and energy planning together with the electricity infrastructure supply within
the study site was identified by examining the land zoning and electricity connections of the
backyard units. Figure 2 demonstrates the change in land zoning and connection, showing
the electricity supplied by the household to the different types of backyard units, which were
found to be not connected to the grid but illegally connected from the junction box at the
house. Khumalo (2016) found that overload on junctions, transformers, and substations
causes outages in Jabulani due to the constraints induced by too many users in an infra-
structure that cannot handle the demand. In other words, the various dwelling units shown
in Figure 2, are supplied by a junction box designed to only supply the four-room house.
Hence, the counsellor stated that he had suggested many times to Eskom that they should
exchange and upgrade the infrastructure by replacing the existing supply with a new and
higher capacity to meet the demand from many end-users per yard.

Figure 2. Electrification of backyard units (Author 2023).
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The researchers observed that most of the junction boxes (Figure 2B) and transformers
along the streets (Figure 3) have exploded due to overload. A participant pointed out that
transformers and junction boxes explode mostly during the winter when there is a high
demand for electricity from the many units per yard. Hence, some of them suggested that the
government should at least install solar geysers, to reduce the demand for electricity usage.
Having alternative energy sources or switching on certain appliances in a certain time,
especially in overcrowded areas, helped with combating the recurrence of outages in
Tanzania (Ghanadan 2009). This means that it will help people in those yards with many
end-users of electricity if they would alternate with cooking to avoid the demand for elec-
tricity that causes explosions, leading to outages. Additionally, building a substation that
was proposed by Khumalo’s (2016) study, would help with reducing the demand from the
Zola substation that supplies the study area. This is another technique of spatial and energy
planning integration because that substation would increase the electricity supply for a cer-
tain number of users rather than per yard. This means decreasing overloading, automatically
limiting explosion of boxes and increasing safety as noted by Stoeglehner and Abart-Heriszt
(2022) regarding the integration of spatial and energy planning.

Figure 3. Status of transformers in Soweto (Author 2024).

The energy planning and existing infrastructure of electricity in the present study does not
complement or meet the spatial planning and change of land zoning. Hence, some partici-
pants claimed that the recurrence of box explosions is associated with a high demand in
small infrastructure capacity. But stated that explosions are exacerbated by unqualified
technicians who illegally connect and fix boxes when they are tripping. Similar consequences
of recurring outages were observed by Braimah and Amponsah (2012), who found that most
parts of Ghana’s urban settlements experienced outages in relation to the inelastic expansion
of urbanisation that causes illegal connections of electricity. Moreover, if a transformer
exploded, Pheto (2022) claimed it is easy for criminals to steal and vandalise the infra-
structure accessories of the transformers, hence, some communities have safeguarded
the boxes.

5 CONCLUSIONS AND RECOMMENDATIONS
There are many socio-economic challenges faced by the end-users of electricity within the

area of Bolani Road that are found to be hindering economic and social development. The
businesses along Bolani Road are financially challenged, and that plays a role in the increase
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in the unemployment rate in townships. They suffer financially from frequently purchasing
diesel, not having enough staff, and others having a shortage of business hours due to
outages. Most informal businesses end up closing for longer periods, and others operate
without making a profit because a lot of money is spent on purchasing petrol for generators
or refilling gas. Institutions face challenges that cause them to inadequately provide services
to the community, even when they can use another energy source to operate. Moreover, the
social development of the community is affected by distractions caused by outages in these
institutions, resembling poor integration of spatial and energy planning.

Through the challenges that end-users face daily, there are various mechanisms that they
employ as strategies to support economic activities and sustain livelihoods. The community
use alternative sources for each activity, such as making a fire with wood for cooking. The
strategies employed by the business depend on its size and purpose; they use different energy;
the majority use generators, while others use gas stoves; and some close the business during
the outage. All the institutions have a generator to keep the lights on and power the neces-
sary equipment to provide service.

There is a change in land zoning that has changed the dynamic setting of the household,
which does not resemble the known spatial planning. All the backyard units are found to be
illegally connected to the main house junction box. This has increased the electricity demand
from an infrastructure designed for not for such demand. The illegal connection and lack of
proper connection on the grid shows lack of energy planning that has not efficiently advo-
cated the replacement of the ageing and less caring capacity infrastructure. Infrastructure
such as junctions and transformers are exploding, causing an unplanned outage due to the
many end-users of electricity in a densely populated area that are connected illegally from
the main house.

The majority stated that it has to starts with the engagement between all stakeholders,
which involves the community, leaders, energy supply and government. The end-users along
Bolani Road recommended the introduction of renewable energy sources that would reduce
the demand for electricity from the Eskom grid. This can be achieved through government
intervention with the installation of solar equipment’s in households and public institutions.
Additionally, other end-users suggest for government to support Eskom financially for
replacement and upgrade of the electricity infrastructure that would allow the backyard units
to legally connect sufficiently to the grid.

The influx of people in Soweto township being the fundamental contributor to the intri-
cate spatial configurations that formulate illegal land zoning, with different types of back-
yard units that need to be controlled. Although these changes are associated with people
finding affordable small dwellings within someone’s yard, most of them are financially
benefiting from these arrangements. This shows a shortage of houses in urban areas of South
Africa. Therefore, this calls for policy intervention to revisit the spatial and energy planning
policies in urban areas. Additionally, the government needs to provide houses to accom-
modate the influx of populations in township backyard units.
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ABSTRACT: The local government in South Africa is plagued with many problems, some of these
problems are attributable to incompetence of the employees and politicians. In the Freestate province,
most of the municipalities have been placed under administration due to unclean audits experiences
for some time. This paper investigates the drivers of failure and collapse of service delivery in
Matjhabeng local municipality. The study adopted a mixed method approach to review strategic
documents. The web of science was used to conduct a systematic search for literature based on co-
occurrences and key word analysis. It appears that based on the key themes including local govern-
ment and service delivery in South Africa only 7 articles were relevant. The results reveal that the local
government is faced with service delivery challenges. The paper provides an opportunity for further
research and improvements on policy analyses. The paper recommends that the municipalities should
implement performance management systems to improve service delivery.

Keywords: VOS viewer, service delivery, Governance, South Africa, bibliometric analysis

1 INTRODUCTION

Mal administration is a common phenomenon in South African Municipalities, this has been a
challenge in recent times where most local municipalities are failing to deliver basic services due
to unqualified budgets and non-compliance (Sebola 2015). Very few municipalities manage to
comply with in South Africa, and this has a huge impact on the fiscal budget allocated to the
municipalities, hence these resources are being misused and service delivery is therefore affected
(Auditor General 2019). Municipalities also suffer from political factionalism that has been rife
in recent years, as a result, new political coalitions were created hence the municipal functionality
has been deteriorating (Moyo 2016:8). Moreover, several municipalities around South Africa
experience severe challenges of poverty, unemployment, and inequality and this is associated
with a high rate of corruption, misuse of funds, and lack of institutional capacity (Mashamaite
2014:234). It is worth noting that this is also true in Matjhabeng Local Municipality. This
municipality has been poorly performing over the years, and at some point, it was regarded as
the worst run municipality in South Africa, because it owed a total of R3.5 million to both
ESKOM and Sedibeng water Board (Cowan 2017). The paper starts by presenting the intro-
duction, it goes to highlight the conceptual synopsis, followed by the research methodology. It
then discusses the synthesis of the findings from the bibliometric review and document review.
Lastly, the paper presents the conclusion and recommendations.

2 CONCEPTUAL SYNOPSIS

2.1 Local government

This is the level of government that is solely responsible for the provision of services at the
municipal level, most importantly local government is placed where protests are rife due to
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municipal service delivery. In this sphere of governance, the livelihoods of the people can be
made better or worse (Botes er al. 1996:223). Ultimately, Cloete (2012:17) posits that local
government is the administration and governance of local people to control and promote what
the local communities do. For Venter and Landsberg (2011:130) this sphere of government was
established to bring governance and the delivery of services closer to the people and it is
therefore considered to be a second or third sphere of governance globally. However, for
Heymans and Totemeyer (1988:2) local government is a decentralised institution that has
certain power attached to it with an identifiable geographical boundary in a country. Most
importantly, local government is essential in assisting the main government to achieve its goals
because it is the local government that carries the goals of the government and their achieve-
ment is dependent on the capacity of the local government (Botes ef al. 1996:224).

2.2 Service delivery

Beyers (2016:169) indicates that service delivery is about the provision of benefits and public
facilities, these could be both intangible services and tangible public goods. To maintain the
quality of life of the local people it is equally important to provide basic social, education,
infrastructure, and health services in small towns and rural areas (Venter 2010). Adding to this
Mafunisa (2008) echoes that the constitution of South Africa mandates the municipalities to
provide the local communities with basic services, and municipalities should encourage the
development of residents. In contrast, Chin, and Chan (2004:210) suggest that the local gov-
ernment’s ability to improve the delivery of services can be efficient if the government of the day
works on reducing the problems that proactively prohibit service delivery. It is the government’s
responsibility to ensure that its policies are effectively implemented by the municipalities. Service
delivery challenges in South African municipalities are increasing at a high rate, however, it is
important to note that these challenges are unique to each municipality (Edwards 2015:25).
Beyers (2016:169) asserts that many municipalities are failing to maintain and operate infra-
structure efficiently and effectively, and these challenges extend to overall service provision,
inefficient procurement procedures, procedures in recruiting new staff members and silo working
between the business community and the municipality (Matos ef al. 2012:329). The situation in
Matjhabeng is worse as several protests relating to poor service delivery have been observed.

3 MATERIALS AND METHODS

This research paper is based on a mixed method approach, to gain access to data, relevant strategic
documents and reports were reviewed including the Matjhabeng Local Municipality 2022/23
Integrated Development Plan, Auditor General report. Therefore, the place of interest is Matjhabeng
Local Municipality which is under the Lejweleputswa District Municipality in the Free State.

A bibliometric analysis of studies on local government and service delivery was conducted,
and the analysis of the literature was done quantitatively (Van Nunen et al. 2017). The analysis
focused on co-occurrences and country of publications as well as citations of the literature. In
this paper, Vosviewer version 1.6.20 was used to map the literature extracted from Web of
Science database data (Donthu et al. 2021:285). The screening of the articles was based on the
PRISMA protocols. The key analysis was based on co-occurrences, country, and citation. The
figure presents the procedure followed in conducting the bibliometric review.

3.1 Procedure

The data relating to the study was reviewed, the year of publication was not specified hence all
papers were suitable for review. The following key words were used in web of science search engine:

a) “Local government” AND “Service delivery”
b) “Local government” AND “Service delivery” AND “South Africa”
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See Table 1. For criteria for inclusion in this paper.

Table 1. Selection criteria.

Inclusion Exclusion

All articles with studies on local government and service Publications outside local government
delivery globally and South Africa and service delivery.

Published in English Non-English publications.

Unpublished thesis and newspapers

The literature search followed the screening of article titles and abstracts to check their
suitability for this study. The process was guided using PRISMA, which is generally used to
scan through the literature to find answers to an identified research question (Selcuk 2019). see
for example Figure 1.

Figure 1. Prisma protocol (Source: Authors: 2024).

The search in WOS as shown in Figure 1, Identified a total of 863 articles on the terms
“Local government” AND “Service Delivery” globally. Of these 5 articles were found to be
duplicates and were excluded which left the search with 858 articles to be used for the first
analysis. After further scrutiny of the abstracts and paper titles 839 articles were excluded on
the basis that they did not entirely fit in the scope of the research, 19 articles were then further
scrutinized for eligibility and 7 were excluded because they were out of context, as they
emphasised on “local governance”. After using the PRISMA protocols, only 12 articles were
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then selected for the review in this study. For terms “Local government” AND “Service
delivery” AND “South Africa” a total of 146 articles in the WOS database we identified, and 1
article was found to be a duplicate and it was removed which left 145 articles for the first
analysis. Following further scrutiny 137 articles were excluded because they do not entirely fit
in the research.5 articles were further reviewed for eligibility, and they were all qualified as
relevant in this paper through PRISMA protocols.

Table 2. Description of the symbols used in the bibliometric analysis.

Symbol Description

clusters The circles in the network representing the items

Items Items used for analysis in this study

Links Relationship between items such as co-occurrence and country
Cluster Agglomeration of items identified by colours

It is important to note that the VOS viewer software presents visuals for the reviewed lit-
erature including the themes, research focus, and trends (Zhang and Quoquabl 2021). Bubbles
shown in the network diagram are interpreted as follows; the larger the bubble the higher the
number of articles associated with local government and service delivery. The distance between
the bubbles indicates the relationship between the items. Yu and He (2020) assert that when the
distance is shorter the relationship between the items is strong. Notably, the different colors of
the bubbles and links represent the clusters.

2 RESULTS AND DISCUSSION ON BIBLIOMETRIC ANALYSIS OF LOCAL
GOVERNMENT AND SERVICE DELIVERY GLOBALLY AND IN SOUTH
AFRICA

A total of 7 articles were reviewed in this paper, these articles were selected from the 863
articles that were initially identified through the Web of Science. Hence, Lewis (2017) studied
the proliferation of local government in improving service delivery in Indonesia, and this study
discovered that the creation of new local governments has negatively impacted access to water
and sanitation. In their study, Muyomba-Tamale and Cunningham (2017) examined the
Ugandan scorecard initiative for local governments as an accountability initiative, while the
study did not outline the drivers of local government failure in service delivery. It is apparent
from the results that the scorecard initiative has yielded some positive results. Also, Abdul-
Khalid (2010) studied the improvement of service delivery in Malaysia, the study discusses the
performance management systems undertaken to improve service delivery. The study dis-
covered that the performance management systems have improved accountability at local
councils. Consequently, Schoute, Gradus, and Budding (2021) investigated the influence of
political, financial, and service features on the four modes of service delivery being “in-house,
inter-municipal cooperation, municipality-owned firm and private firm” Dutch local govern-
ment. The study found that political fragmentation affects service delivery.

In the case of South Africa, Ramutsheli and Van Rensburg (2015) investigated the drivers of
the local government’s failure to achieve the service delivery objectives. This research is rele-
vant in this study because it discovered the root causes of the local government’s failure which
include a shortage of human resources, lack of skills, and unethical structural culture or lack of
performance management systems. This is echoed by Khale and Worku (2013) who examined
the factors that affect service delivery in Gauteng and Northwest municipalities, the study
revealed that local municipalities are allocated sufficient resources, however, they are not
effectively used due to lack of accountability and skills. Interestingly, Schoeman and
Chakwizira (2023) provided a different view when they evaluated the “performance
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management tool for service delivery in local government” The study revealed that there are
persisting gaps in service delivery in local governments, there is performance gap because of the
inadequate policy frameworks relevant to the developing countries. There is also a mismatch of
policies and regulations with the local needs, and these are some of the hurdles that need to be
addressed to improve service delivery.

Figure 2. Co-occurrence network analysis (Source: Authors 2024).

A co-occurrence network analysis was performed representing 4 colours deep purple, light
purple, orange, and yellow colour. Within the light cluster, the dominant items are Local
government, service delivery, performance, management, and decentralisation. The dark
purple clusters represent countries and key words such as citizen satisfaction, choice, con-
tracting which are not part of this paper. Orange bubbles contain words such as transpar-
ency, inter-municipal cooperation, and water. Followed yellow bubbles contain key words
such as fiscal stress and coproductions. The analysis indicates that Local government, service
delivery, decentralisation and performance are the most studied keywords especially between
2016 and 2018. The light and dark purple clusters seem to tie closer to each other, this can be
attributed to the fact that the performance of local governments has a close impact on service
delivery, same as decentralisation.

3 STRATEGIC DOCUMENTS ANALYSIS

3.1 Provisions from Matjhabeng local municipality 2022/23 IDP

The provision of water, according to the Matjhabeng 2022/23 IDP is done by the Sedibeng
water. However, the greatest challenge that the municipality is facing is the water disruptions
caused by increasing steel pipe theft (Matjhabeng Local Municipality 2022:18). This has an
implication on the budget of the municipality because it increases the expenditure of the
municipality. After all, they spend more on repairs and maintenance. Regarding sanitation, it
is reported in the IDP that the sewer reticulation system is more than 40 years old, hence on
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several occasions, the pipes burst therefore because of this aging infrastructure the municipality
usually experiences blockages and sewage spillage. The municipality is contemplating declar-
ing this as a national disaster so that they can get assistance from the national government
(Matjhabeng Local Municipality 2022:18).

4 SYNTHESIS OF THE FINDINGS

In this study, a bibliometric analysis indicated that most studies have focused on local govern-
ment and service delivery challenges globally and in South Africa. The analysis revealed that
there is political and financial challenges on service delivery, according to McKinley (2011:2)
financial management should be addressed in these municipalities by strengthening skills
acquisition processes. In addition, Pretorius (2017:127) postulates that the political infighting
within the ruling party is part of the problem, the leaders tend to focus on their battles and
neglect their responsibilities regarding service delivery, this is evident in Matjhabeng local
municipality. Gordhan (2014:5) reiterated that most of the municipal personnel are unskilled and
lack institutional capacity, hence they fail to promote adequate and efficient service delivery.
This is echoed by Mbandlwa, et al (2020:1644) that there is a lack of accountability and accep-
tance of bribes which affects service delivery in local government. On the issue of the mismatch
of the policy frameworks in local government as indicated in the analysis. This concern was
outlined by Pretorius (2017) who outlined that administrative accountability is related to the
employees of the municipality, hence their behaviors have a bearing on the set goals. These
employees still must align with the legislative framework which stipulates how they will be held
accountable and how their work will be evaluated. Consequently. Modiba (2022) asserts that
there have been service delivery complaints in Matjhabeng, with the community alluding that the
municipality has been non-responsive to their complaints. The municipality officials always cite
that they are waiting for the budget. This then means that the municipality is struggling to
sustain itself, this could be associated with the lack of capacity to deal with technical challenges.

The Matjhabeng local municipality 2022/2023 IDP states that the municipality has aging elec-
tricity, road, and sewer infrastructure hence sewer spillages are all over (Matjhabeng local munici-
pality 2022:25). Cowan (2017) reiterates that this municipality is one of the worst run municipalities
in South Africa, citing that in some of the main suburbs of Welkom people navigate through sewage
spillages. Therefore, this implies that the municipality cannot deal with this problem, hence the call
for the national government to intervene. It is important to note that around 11% of the households
in Matjhabeng are still using bucket toilets, which have long been declared to be unsustainable.
With only 24.7% of the population using flush toilets and 47.1% using pit toilets and having access
only to communal taps, this reflects how worse the situation is in this municipality. The results
provide evidence that the municipality’s expenditure is exacerbated by the maintenance of these
roads as they require a lot of money. Just as the road’s infrastructure, the municipality is facing the
same challenge of aging electricity infrastructure, also there is an increasing rate of vandalism on
electricity infrastructure with the municipality stating that these acts are done by the illegal miners.
And these have a negative impact on service delivery within the municipality.

The analysis indicates the key areas where research focuses on drivers of local government
failure in service delivery failure, the key areas revealed are performance, service delivery,
decentralisation, and local government. Indicating that these are the most researched words as
indicated in Figure 2. However, the analysis revealed that most research does not investigate
and explicitly outline the local government failure. And this provides an opportunity for fur-
ther research.

5 CONCLUSION AND RECOMMENDATIONS

This research paper’s argument resonates on what are the drivers of local government service
delivery failure. This study responds to a wide range of questions during the period in which
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several municipalities are being placed under government administration because they are on
the brink of collapse. In terms of the conceptual framework, the paper covered local govern-
ment and service delivery as the key concepts. The paper adopted a bibliometric review and
strategic document analysis, and the results revealed that Local government is faced with
challenges including financial, political, and lack of human resources for efficient service
delivery. Ultimately, the paper concludes that there are common challenges faced by local
governments for efficient service delivery as revealed by the bibliometric analyses. While the
challenges are similar, some local governments have implemented performance management
systems to monitor their performance. The IDP revealed that Matjhabeng’s local municipality
is not immune to these challenges. To address the outlined challenges to service delivery, the
local government must implement performance management systems where municipal
employees will be held accountable for lack of improvement in service delivery. Municipalities
should account for careless spending. It is important to note that regular maintenance of
infrastructure should be done by the local municipalities, to improve the efficiency of services
including water and electricity and aging sewer infrastructure.
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ABSTRACT: Infrastructure development plays a substantial role in communities’ societal
and economic development. Practical strategies that facilitate the planning and imple-
mentation of infrastructure projects are imperative for societal impact. While there has been
increasing acknowledgment of the positive influence of environmental social governance
efforts on community development, there is still a need for transparent processes of adopting
the concept to realize sustainable telecommunication infrastructure development, particu-
larly in host mining communities. In the case of Aggeneys, Pella and Pofadder the launch of
the community Wi-Fi and extension of radio signal has fortified sustainable practices
amongst the community and lessened the digital divide existing in the community This paper
relies on empirical data, document, and scoping review. The empirical data collected was
analyzed using the SPSS software. The work culminates into sustainable telecommunication
infrastructure coined in the development and implementation of the environmental social
governance nexus through policy change.

Keywords: policy, environmental, social governance, sustainable development, infra-
structure, framework

1 INTRODUCTION

The world has transitioned into a digitally enabled world. Technological progress and
implementation have played a role in the notion of sustainable development globally
through the deployment of telecommunication infrastructure (Calabrese et al. 2023; Mohsin
et al. 2022). Research suggests that the presence of telecommunication infrastructure is likely
to improve livelihoods (Emeana 2020). Scholars Kopina and Schopp have put forth that
sustainable development ought to improve the next generations’ lives (Kopnina and Schopp
et al. 2020). Contrary to the above, a vast range of literature has highlighted questions on the
impact and the extent of sustainability in telecommunication infrastructure development
(Harris 2016; Qureshi 2015). Digital technologies, such as blockchain, artificial intelligence,
satellites, and the internet, have evolved over time and have since been adopted as devel-
opmental tools (Asenso-Okyere et al. 2012; Kaware and Sain 2015).

Access to telecommunication infrastructure such as Wi-Fi has proved to enhance gov-
ernment service delivery; therefore, an enhancement in the quality of life of municipal resi-
dents (Methane et al. 2024). Digital technology strategies and processes have served as the
gateway to sustainable communities through the betterment of livelihoods (Mondini 2019;
Zielinska-Dabkowska & Bobkowska 2022; Zvolska et al. 2019). However, though digital
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technologies have improved service delivery, businesses, and societies technological
advancements have also negatively impacted societies through polarization and the evident
digital divide between developing and developed countries. Technological advances have
brought about increased unemployment due to automation, increased energy consumption,
and electronic waste (United Nations 2019; Vetora et al. 2023). There are related studies in
South Africa. However, the relationship between environmental social governance frame-
works and its influence towards carving sustainable communities has yet to be explored.
Therefore, a new ecosystem of sustainable development in telecommunication should be
adopted by developing environmental and social governance frameworks.

2 BACKGROUND

The environmental social governance principle was proposed in 2004 and has since been
popular amongst developed countries. It has recently gained traction in developing countries
(Li et al. 2021). The principle of environmental social governance originates from the prin-
ciples of responsible investment, which guides investment decisions and business strategies to
ensure the sustainable development of communities, (United Nations Principles of
Responsible Investment 2024). Mining corporations in South Africa have since adopted
these principles as mandated by the Minerals and Petroleum Resources Development Act
(MPRDA) through corporate social responsibility. However, the effective implementation
of corporate social responsibility has proven to be a challenge, and as a result, poor corpo-
rate social responsibility implementation has manifested in frequent community unrest.
(Vhubunu 2021).

The study hypothesizes that an environmental social governance framework may influ-
ence sustainable telecommunication infrastructure development through corporate social
responsibility efforts. This paper is a case study on the Aggeneys, Pella, and Pofadder mining
communities in the Northern Cape province of South Africa. The Northern Cape is the
largest province spatially in the country, with an area coverage of 372 889km>. The nucleus
of the study is the Khai-Ma municipality, Northern Cape Province, South Africa. The study
takes place in three semi-urban towns, namely Aggeneys, Pella, and Pofadder. According to
the results of the 2022 national census from StatsSA (2022), the current total population in
the Northern Cape province is 1355 945, showcasing al15.49% growth from the census 2011
results of a population of 1 145 861; the Khai-Ma local municipality only contributes 0,63%
towards the provincial total population.

3 CONCEPTUAL FRAMEWORK

Environmental social governance (ESG) can be defined as the criteria by which organiza-
tions measure their corporate sustainability and ethical performance, which informs business
strategies and processes (Arora and Sharma 2022). Corporations embrace the philosophy of
ESG to observe and supervise the effects of business activities such as corporate social
responsibility (CSR) implementation on the society (Viranda et al. 2020); Merli and Preziosi
2018). The concept of CSR, as defined by Aguinis (2011), refers to the ‘context-specific’
organizational actions and policies that consider stakeholders’ expectations, concurrently
producing value for its stakeholders to achieve a triple bottom line performance, which is
social, economic, and environmental, (Bellandi 2023; Setiani et al. 2023). Digital technology
solutions have been used to become a primary tool in achieving sustainable development,
and therefore, the adoption of the environmental social governance nexus is key to the
governance of telecommunication infrastructure development (Vetrova et al. 2023).
Environmental social governance frameworks are deployed as a governance tool for the
betterment of communities’ livelihoods through sustainable development. With the growing
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need for digital technologies, telecommunication infrastructure development has since been
vastly deployed through corporate social responsibility project implementation as efforts
toward the development of smart cities (Methane and Gumbo 2024). Scholars Nikitaeva
(2023) and Vitrova (2023) argue that telecommunication strategies and processes deployed
and adopted in the quest for smart cities have succeeded. The above statement is backed by
empirical data suggesting that urban challenges have been successfully addressed by imple-
menting digital technologies such as Wi-Fi in communities (Onyango et al. 2021). Several
frameworks have been developed to evaluate how sustainable telecommunication, infor-
mation, and communication technologies interventions can be used for the betterment of
livelihoods and governance purposes (Emeana ez al. 2020).

4 THEORETICAL FRAMEWORK

This paper applies the social systems theory and the resilience theory to identify the gaps in
knowledge and increase research efficiency toward telecommunication infrastructure devel-
opment and the nexus of environmental and social governance. The social systems theory
describes organizations and communities as closed social systems self-created by organiza-
tional processes (Stewman 1975). Luhmann (1984) emphasizes that the pressure of expec-
tations created by organizations of communities are large building blocks of the closed
systems formed. At the foundational levels, they are not open to their environment; this
includes affiliates of the societies in making choices of what would be ideal and beneficial to
them as the system is closed and does not promote collaboration; social systems are not
entirely translucent and easily manageable. The moving pieces of social systems are com-
munications, actions, and decisions, (Mayrhofr 2004).

In a social system setting, various approaches are followed to promote conformance and
cooperation of the greater community, such as the structural and communication approaches
(Dawes 1980; Messick and Brewer 1983; Van Lange ef al. 1992). Following the structural
approach, sanctions do not promote sustainability as this influence’s mandatory conformance,
which is involuntary actions against human rights, promotes rebellious behaviors when these
are uplifted (Mulder et al. 2006; Tyler 2010). The communication approach is more sustain-
able, as this voluntary conformance significantly promotes cooperation. This is because
communication occurs between two or more parties, which encourages trust and commitment
between all the parties involved. (Dawes et al. 1990; Orbell et al. 1988).

5 METHODOLOGY

The paper adopts a case study research design and a mixed method research approach. The
author adopted the case study research design to generate a thorough understanding of the
complexity of telecommunication infrastructure development and the nexus of environ-
mental social governance in the Aggeneys, Pella, and Pofadder mining host communities.
The mixed method research approach was adopted to develop an objective approach to data
analysis (Pawar 2020). The study adopts a scoping review methodology, which includes a
thorough document review and analysis of the processes and strategies of telecommunication
implementation in a mining host community in the pursuit of sustainable communities. The
document scoping review included the collection of the social and labor plan, which is a
legislative document required by South Africa’s Department of Mineral Resources and
Energy with the primary goal of improving socio-economic matters in mining host com-
munities and transforming the mining industry.

Furthermore, the document scoping included the mineral rights holder’s sustainability
framework, the integrated development plan of the Khai-Ma municipality, and the South
Africa Department of Communication and Digital Technologies policy on rapid deployment
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of networks and facilities as secondary sources. Once the documents had been acquired, the
researchers thoroughly analyzed and evaluated them through a literature review and noted
the processes and strategies adopted by various stakeholders to achieve sustainable infra-
structure development relating to telecommunication development. Therefore, the document
review deployed an exploratory qualitative research approach. Moreover, 140 research
questionnaires were developed by the researcher to assess infrastructure development in the
Aggeneys, Pella, and Pofadder host mining communities. The questionnaires were digitally
distributed to the communities through google Forms, and the results were processed
through the statistical package for social sciences Findings and discussions.

6 PRESENTATION AND DISCUSSION OF RESULTS

6.1 Telecommunication infrastructure

The South African national policy on rapid deployment of networks and facilities of 2023
was developed from the national integrated ICT Policy of 2016. The purpose was to ramp up
national coverage of broadband infrastructure, as this is necessary for creating a digital
society and economy and encouraging socio-economic development. The policy aims to
develop and provide a process for deploying an electronic communication network. The
objective is to enable the rapid deployment of broadband infrastructure in an efficient, cost-
effective, and environmentally responsible manner (Government Gazette 2023).
Technological policy development is informed by the everyday movement of information in
urban areas compared to rural and local communities (Aruleba and Jere 2022). Results from
the South African 2011 census showed a digital divide in the Khai-ma municipality, showing
non-digital communities in the Aggeneys, Pella, and Pofadder mining host communities.

The study showed that approximately 77.8 % of the Khai-Ma municipality residents
needed access to the internet, either through cell phones, at home, or work. That is a con-
cerning reality that is enabling a digital divide in society. As shown in Figure 1 below, the
data illustrates that the communities are hindered by the possibility of skills development
and educational improvement because of no access to the Internet. These 2011 census sta-
tistics have influenced stakeholders such as the national government to develop policies such
as the South African national policy on rapid deployment of networks and facilities to
facilitate digital societies and communities. Affiliated stakeholders needed to take responsi-
bility and accountability for their roles and put more effort into ensuring the development of
sustainable telecommunication infrastructure is deployed through corporate social respon-
sibility efforts guided by environmental social governance efforts.

Table 1. Access to the Internet for the Khai-Ma local municipality
according to Statistics South Africa (2011).

Khai-ma local Namaqua district
municipality municipality
Access to the internet percentage percentage
Access from home 3,5% 5,5%
Access from the cellphone 13% 14,3%
Access from work 3,8% 4%
Access from elsewhere 1,9% 1,9%
No access 77,8% 74,3%

As such, through corporate social responsibility interventions, telecommunication infra-
structure was installed in 2020, allowing the Aggeneys, Pella, and Pofadder mining
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communities to access Wi-Fi and promote digital communities, granting them 500 MB of
data per person each week. This illustrates the role played by the stakeholders operating in
the Khai-ma municipality in addressing community challenges to align individual policies to
the national mandate.

The digital divide often exists due to rural communities’ need for more material and
infrastructure, even during the digital age (Aruleba and Jere 2022; Kilpelainen and
Marjaana 2014). Therefore, with the presence of the telecommunications infrastructure in
the Aggeneys, Pella, and Pofadder mining host communities, the residents are responsible
for carving and improving their small businesses and seeking and creating economic
opportunities to enable digital communities and a digital economy.

6.2 Indicators of sustainable communities

According to the United Nations Development Program, the increased use of technology
facilitates continuous improvement and improves the delivery of basic services in commu-
nities (Corrigan 2020; Oyedemi and Mogano 2018). In the case of South Africa, technolo-
gical advancements were skewed as a result of apartheid as historic ICT policies did not
advocate for equal technological advances, however, this has since changed post-democracy,
and policies such as the national policy on rapid deployment of networks and facilities have
been developed to ensure fair distribution. Although policy advancements have been made,
the digital divide still exist in residents of previously disadvantaged communities, as seen in
the Aggeneys, Pella, and Pofadder communities. The responses from the participants of the
study illustrate that innovation and infrastructure is not exemplary in achieving and carving
sustainable communities . The respondents regarded clean water and sanitation as the most
critical indicator of a sustainable community at 70.7%, followed by access to adequate
healthcare at 60.7%, no poverty and zero hunger at 50%, decent work, and economic growth
at 47.9%, safe communities at 31.4%, affordable and clean energy at 15.7% and finally
innovation and infrastructure at 12.1%.

Table 2. The state of innovation and infrastructure in the Aggeneys, Pella, and
Pofadder host communities.

Indicators of sustainable communities Responses
Safe Communities 31.4%
Clean water and sanitation 70.7%
Access to adequate healthcare facilities and wellbeing 60.7%

No poverty and zero hunger 50%
Decent work and economic growth 47.9%
Affordable and clean energy 15.7%
Innovation and Infrastructure 12.1%

As detailed above and shown in Figure 2 below, the results illustrate that the Aggeneys,
Pella, and Pofadder mine host communities do not rate innovation and infrastructure as an
indicator of sustainable communities. Therefore, the above statement suggests that despite
the availability of telecommunication infrastructure, the digital divide is likely to remain
prevalent in the communities. This demonstrates the need for more education towards
informing communities on the importance of technological advances; various strategies and
processes must be developed to educate communities on the global market and the digital
changes that exist as enablers of economic growth.

According to Urvashi et al. (2017), two problems stir and cause the digital divide: poor
communities and lack of training in communities. The latter applies to the Aggeneys, Pella,
and Pofadder communities as there is no limitation to digital infrastructure. However, the
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limited access to digital technology training has resulted in uninformed internet consumption
and low digital skills realization. Therefore, training will present the roles and responsibilities
that each community member plays towards realizing the dream of digital communities and
how that may positively impact their healthcare systems, educational systems, and various
other essential services in a digital economy.

8 THE PRESENCE OF TELECOMMUNICATION INFRASTRUCTURE
DEVELOPMENT IN THE AGGENEYS, PELLA, AND POFADDER MINING
COMMUNITIES

Infrastructure development is required for economic and societal development (Panday and
Sto 2022). Therefore, infrastructure facilitates sustainable development by addressing various
sustainability challenges societies face. However, the presence of infrastructure inequality may
affect the impact and progress towards carving sustainable communities (Seto 2017; Thacker
et al. 2019; United Nations 2020)The results show that 36.4% of the time, the residents of the
Aggeneys, Pella, and Pofadder host communities were aware of potential infrastructure
developments that were happening in their communities, 35.7 % of the participants argued
that only sometimes were they aware of new potential developments and 27.1% responded that
they are not aware of potential developments and 0,8% said they have never been aware of
new and potential infrastructure. This shows a communication gap, disjuncture, and infra-
structure inequalities that may affect carving sustainable infrastructure. Though initiatives
might be in place, the Aggeneys, Pella, and Pofadder communities feel they need to be fully
part of the process, showing inequalities; therefore, this illustrates a gap in infrastructure
development and implementation, ultimately impacting communities.

Figure 1. Infrastructure awareness in the Aggeneys, Pella, and Pofadder host communities.

The absence of digital technologies has been the basis of the digital divide in the economic
and social sphere globally, in developed and developing countries (Aruleba and Jere 2022).
Aggeneys, Pella, and Pofadder’s case has been similar to the global state of affairs.
Telecommunication infrastructure was initially developed in 2018, with phase one covering
Aggeneys, Pella, and Pofadder regions, and it was in the year 2022 that the tele-
communication infrastructure was extended to other regions of the Khai-ma municipality,
Onseepkaans, and Witbank, as displayed in Figure 2 below.

The installed telecommunication provides the communities with 500 MB per week, and
upon discussions with community members, they have attested that access to the internet is a
valuable tool for education and of benefit to small businesses in the region, as previously
discussed in the access to the internet section above. To expand communication into the
Khai-Ma region, the mineral rights holder had committed to extending telecommunication
infrastructure for the local radio to reach the Aggeneys, Pella, and Pofadder mining host
communities by 2022. However, the local radio signal only went live in 2024 in the area. The
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absence of radio communication in the Aggeneys, Pella, and Pofadder regions suggests
socio-economic exclusion for the communities.

The inequality of internet and communication access through digital technologies such as
radios is common in developing countries. However, scholars like Arunachalam (2004) have
argued that telecommunication infrastructure development may aid poverty reduction. The
acknowledgment of improvement of easy accessibility from small businesses in the
Aggeneys, Pella, and Pofadder regions demonstrates the effect of telecommunication infra-
structure development on socio-economic development. (Mora-Rivera and Garcia-
Mora 2021)

Figure 2. Telecommunication infrastructure development in the Aggeneys, Pella, and Pofadder host
communities (Vedanta Zinc International 2024).

7 DISCUSSIONS AND LESSONS LEARNED ON ESG

Government and private corporations commonly reach a consensus, yielding positive imple-
mentation results (Ansell & Watt & Watt 2007; Emerson et al. 2011; Guo et al. 2024; Van der
Watt 2020). Therefore, effective telecommunication infrastructure development can only exist
with collaborative governance of institutes and stakeholders. The mining charter of South
Africa, as gazetted in 2018, advocates for collaborative governance as it mandates the mineral
right holder to consult with relevant mine communities, traditional authorities, and the mine
communities in which they operate to collaboratively identify developmental areas and priorities
the area, (Mining Charter 2018). The debate around collaborative governance has grown to be a
robust one; scholars argue that the notion of collaborative governance has been an emergency
reaction to failed project implementations, and contrarily so, others argue that collaborative
governance stems from the growth in knowledge, increased institutes have become inter-
dependent and more complex. However, environmental social governance strategies and pro-
cesses have developed a contingency approach towards collaborative governance.

The use of environmental social governance is not a mandatory practice, though it serves as
a governance framework; despite the growth in the adoption of environmental social gov-
ernance nexus, various organizations across the globe do not adopt the practice (Conradie
et al. 2020; Cho et al. 2014). Good governance and stewardship are realized by creating shared
value for stakeholders (Emeka-Okoli er al 2024; Nashchekina et al. 2020). Therefore, the
adoption of the environmental social governance framework in Aggeneys, Pella, and Pofadder
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has seen socio-economic benefits for the community. For instance, the initial plan for the
extension of the radio signal was in 2022; however, the adoption of environmental social
governance saw the effective and successful implementation of the telecommunication infra-
structure in 2024. Therefore, the mineral rights holder’s adoption of environmental and social
governance shows commitment and determination toward mitigating sustainability risks,
including the community’s digital divide and inequality (Boiral et al. 2019; Perego and Kolk
2012). It is clear as one inspects the organization’s strategy in correlation with the data that
there has been groundwork conducted, such as a materiality assessment, as the sustainability
strategy is already addressing the issues arising in the community.

8 CONCLUSION AND RECOMMENDATIONS

The United Nations’ sustainable development goals advocate for improving livelihoods by
creating sustainable cities and communities across the globe to ensure decent economic
growth. The study finds that the residents feel as though they are sometimes aware of the
developments in the Aggeneys Pella and Pofadder communities, but sometimes they are not.
This, as mentioned above, creates a gap illustrating that there needs to be a clearer under-
standing of the roles and responsibilities that stakeholders, as well as the residents of the
Aggeneys, Pella, and Pofadder communities, carry. The lack of a clear understanding of
roles and responsibilities may lead to telecommunication infrastructure development failing
and not being received well by the communities as there has been a communication
gap. Therefore, an environmental-social governance framework nexus should be adopted to
frame and structure telecommunication infrastructure project implementation by carving
sustainable infrastructure. Developing telecommunications infrastructure in the Aggeneys,
Pella, and Pofadder communities has bridged the gap, as the 2011 Statistics South Africa
report highlighted. However, the study’s results illustrated that 12.7% of the study partici-
pants rated innovation and infrastructure development as critical to the quality of life and
livelihoods; again, this illustrates the gap in communication as the stakeholders and the
community members need to be aligned. Therefore, the study recommends that although
development is pivotal and necessary, the gap in communication of roles and responsibilities
delays the development of sustainable cities and communities; therefore, environmental
social governance frameworks should be developed and adopted, which will inform infra-
structure development and carve sustainable infrastructure development.
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ABSTRACT: Energy resilience is generally defined as an energy system’s ability to adjust
to an unforeseen shock. In every integration of resilience for energy transition decisions, the
particulars of the case and context are crucial. Although identifying all the potentially rele-
vant case- and context-specific factors and their interrelations for any case is probably
impossible, the identification of some elements is crucial to making an informed decision
regarding which aspect of energy planning should be the focus of any decision. The article
used a systematic review to identify parameters for enhancing energy transition decision
through resilience integration. The parameters cover energy value chains, the nature of dis-
ruption, resilience strategies or approaches, the anchor of energy resilience, the type of
resilience, and the scope of application of resilience strategies. The outcome of this study
would help decision-makers acquire a reasonable amount of knowledge about different
facets of resilience applications within the energy sector.

Keywords: energy resilience, sustainable energy assessment, parameter, sustainability

1 INTRODUCTION

Energy resilience is generally acknowledged as the capacity of an energy system to adjust to
an unforeseen shock (Molyneaux et al 2016). Energy resilience, like other infrastructure
resilience, is now at the centre of the overall planning, design, and management of energy
infrastructure (Upadhyaya et al. 2021). Infrastructure and services in developed countries’
urban areas have established reliable definitions of resilience and its dependence on various
factors as an important pathway for achieving sustainability in these energy systems (Mazur
et al. 2019). It is attracting more and more attention among government regulators and
academic researchers, and it is also supposed to counter or absorb undesirable disruptions
(Zaijing and Dapeng 2018). Even now, system resiliency assessment is becoming more
important, and incorporating it into energy sustainability assessment for both pre- and post-
implementation appraisal cannot be overemphasized. Various attempts have been made to
understand energy resilience assessment from different perspectives. At the community level,
energy resilience layers include engineering, operational, and community resilience (Shandizl
et al. 2020) while the approaches for explaining energy resilience are engineering, ecological,
and socio-ecological resilience (Jesse er al. 2019; Sharifi & Yamagata 2015). Curves, indi-
cators, models, and methods are the means for assessing resilience (Lund ez al. 2021). There
are two main types of resilience indicators, depending on the energy system being appraised:
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capacity (attribute-based) indicators and performance in the presence of disruption (perfor-
mance-based) indicators (MartiSauskas et al. 2022). Panteli et al. (2017) contrast the resi-
lience triangle and resilience trapezoid to describe the quantitative measurement of
resilience. Resilience complements traditional static system performance measures (such as
sustainability) to consider behaviours under changing conditions and complex interactions
among physical, informational, and human domains (Roege et al. 2014). Energy system
resilience is strongly linked to the types of threats and energy systems in question. This limits
a generalization of the concept and may necessitate a better specification or categorization of
the cases considered (Lund ef al. 2021). In every integration of resilience for sustainable
energy decisions, the particulars of the case and context are crucial. Although identifying all
the potentially relevant case- and context-specific factors and their interrelations for any case
is probably impossible (Gaudreau and Gibson 2010), identification of some elements is
crucial to making an informed decision regarding which aspect of energy planning should be
the focus of any assessment for the effectiveness of policies integrating sustainability and
resilience objectives. Although some studies have improved decision-makers’ understanding
of specific considerations for resilience assessment in the energy sector (Gatto and Drago
2020; Lund et al. 2021; Sharifi & Yamagata 2015), there is still limited knowledge about the
necessary parameters to consider for resilience inclusive energy transition decision-making.
Addressing wide range of threats to the energy system requires having appropriate knowl-
edge of the main elements influencing the mitigation and adaptation practices in cities
(Sharifi and Yamagata 2014). Consequently, this article used existing literature to identify
parameters for integrating resilience as part of energy transitions decisions given new
knowledge required for energy policy on the achievement of both sustainability and resi-
lience objectives simultaneously for energy transition. The following sections discuss the
study’s method, the parameters for incorporating resilience into energy transition decision-
making, discussion and conclusion.

2 METHOD

This paper is part of the preliminary stages of the development of integrated sustainability
and resilience decision support for the energy transition in sub-Saharan Africa. Systematic
literature review (SLR) methodology is considered appropriate for this study because it is
regarded as a comprehensive framework to explore the literature (Dashtpeyma and Ghodsi
2021) and the context of this study, which is integration resilience into sustainable energy
decision-making. The steps implemented in the study are: (i) formulating review questions;
(ii) locating the studies; (iii) selecting and evaluating the studies; (iv) analyzing and synthe-
sizing; and (v) reporting and using results (Lassio et al 2021; Lopez-Castro & Solano-
Charris 2021). Therefore, the main question addressed is, what are the main parameters for
enhancing energy transition decision through resilience integration? To locate the literature
for the study, the Scopus database was preferred because it has a wider and stronger col-
lection of interdisciplinary journals, about 20 per cent more coverage than its counterpart
Web of Science (Falagas et al. 2008; Pranckuté 2021), and a daily update of the database
compared to WoS, which is weekly (Burnham 2006). In the first instance, a preliminary desk
study was done between January and May 2023 to promote comprehension and familiarity
with pertinent concepts related to resilience and sustainability. This exercise helped to gen-
erate specific keywords used for searching the database and increased the accuracy and
completeness of the review (Negri et al. 2021). Additionally, Lopez-Castro & Solano-Charris
(2021) and Negri et al. (2021) provided guidance in framing the search strings due to their
conceptual similarities with this study, although applications are in different knowledge
areas (Qazi et al. 2019). The ‘title, abstract, and author’s keywords’ option was used for the
search with the following string: (TITLE - ABS-KEY (sustainab* OR green AND resilien*
AND energy AND assess* OR framework OR evalut* OR criteria OR indicator¥)).
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The selected papers were: empirical research papers; in the field of energy; and in the
English language, taking into account that publications in articles written in English would
have undergone a thorough peer review process (Olawumi 2020), and around 80 per cent of
all indexed journals are in English, as cited in (Bahji ez al. 2023). Papers that did not meet the
inclusion criteria with an exception (Gatto and Drago 2020a) (which has the attributes of a
review paper) were excluded from the study. The initial search results were filtered out by
exclusion criteria, which eliminate irrelevant papers. These include papers that do not
explicitly focus on energy systems or value chains, such as generation, distribution, supply,
and transmission, as well as grey literature, such as theses, project deliverables, and working
papers. Most grey literature usually are converted into papers, which would result in
duplication if they were incorporated into the literature review. A few articles that were
identified during the preliminary review on Google Scholar continue to appear in the search
results following various filtering processes. This seems to verify the stability of the search
results. Consequently, 314 articles were generated, of which 299 were available for down-
load. Further review of the article abstract led to the identification of 87 articles, which were
downloaded into Microsoft Excel Spreadsheet Mendeley Reference Manager. Finally, 34
papers were selected for critical review after two consecutive full-text perusals of the pub-
lications. The list of articles are presented in appendix 1.

3 PARAMETERS FOR ENHANCING ENERGY TRANSITION DECISION
THROUGH RESILIENCE INTEGRATION

Addressing the question raised in the method section on the main parameters for enhancing
energy transition decision through resilience integration, this article identified five para-
meters, which include energy value chains, nature of disruption, resilience approach, anchor
of energy resilience, and scope of application of strategies. The summary of the parameters is
provided in Table 1. Energy value chain represents the stages or activities necessary to make
energy available for end-use. Value chain is considered the first consideration in energy
decision-making because each stage of energy production will have its own unique influ-
ences, threats, or shocks, producing different performances. According to Table 1, the stages
are energy generation, transportation/transmission, distribution, and consumption.
Decisions can be made on the entire system (Ahmadi ez al. 2021; Babalola et al. 2022), the
energy sector (Gatto and Drago 2020), market forces such as demand for energy (Pal and
Shankar 2023) and multiple chains (Hasheminasab ez al. 2020; Moslehi and Reddy 2018).
The next parameter is the nature of threats or disruptions that could affect energy value
chains. Threats increase the energy system’s vulnerability and can lead to low performance,
thereby significantly affecting service delivery. Decision-making process must take into
account the types of threats peculiar to the value chain being addressed. According to the
synthesis of the articles reviewed, there are ten groups of threats: climate, demand, economic,
human/management, natural events, operational, technical, policy, resource, and epidemic
(pandemic). The complete list of threats are in the appendix 1. When decisions are made on
the entire system (Ahmadi er al. 2021; Gatto & Drago 2020b; Yazdanie 2023; Yazdi et al.
2023), disruptions are an aggregate of threats to each value chain. Decision makers could
choose to concentrate on specific threats, as observed in (Dong et al. 2021) and (Ahmadi
et al. 2021), which concentrate on the risk of emissions and natural disasters, respectively.
Table 1 further presents strategies (approaches) for reducing the impact of threats (increasing
resilience), which are adaptation, anticipation and prevention, recovery, and transformation.
Anchors of resilience help to achieve the listed strategies, reflecting attributes or initiatives
that make energy system more resilience. The attributes common in the reviewed articles
includes degree of diversity, quality, stability, decentralization, flexibility, integration, mar-
ket concentration, supply, reliability, robustness, and technology maturity. These char-
acteristics can also be used to measure the performance energy system in terms of resilience.
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Finally, scoping the integration of resilience for energy transition decisions helps establish
the context in which resilience strategies could be applied and assessed. The scope can
include community-level or wider urban coverage, such as continent, sub-continental, or
global. Scoping could help you figure out how big the threat(s) are or what kinds of shocks
are unique to a situation, which could help you decide how complicated (or not) a strategy
should be. The appendix has a summary of the reviewed articles based on the parameters.

Table 1. Resilience parameters.

Parameters Aspects

Value chain Generation, transmission/transportation, storage, distribution, consumption and
energy system in general

Nature threat/ Relating to: climate, demand, economic, human/ management, natural,

disruption operational, pandemic, policy, resources, technical/technological

Approach to Adaptive, recovery, absorptive, anticipative, transformative, preventive

resilience

Anchor of Degree of diversity, quality, stability, decentralization, flexibility, integration,

resilience market concentration supply, reliability, robustness and technology maturity

Scope of National, local/community, power plant/energy generation/project/specific

application system, global, city/urban/municipal, organizational, continent, sub-continent

4 DISCUSSION

The uniqueness of integrating resilience into energy transition decision-making, which
involves specifying specific case and context, necessitates identifying parameters for struc-
turing decisions. The study identified value chains, nature of disruption, resilience approach,
anchor of energy resilience, and scope of application of strategies as aspects necessary to
achieve this objective. As expected, the combination of different parameters generated dif-
ferent meanings of resilience in existing studies. For example, it is energy security (Ala et al.
2023), the adaptive capacity to improve performance through learning and adaptation,
informed by continuous change (Gatto and Drago 2020), and the diversity quality of the
system, viewed from the perspectives of energy security and social responsibility (Kharsrazi
et al. 2015; Mujjuni et al. 2021). It has also been explained using the concept of inertia,
interpreted as how long it will take a system to diversify (fossil-based systems may do so
gradually) (Herbert et al. 2016), the number of people that are affected by disaster (the fewer,
the better) (Teah et al. 2019), and reasonable risk value (Wang et al. 2021) among others.
According to Lund et al. (2021), a resilient energy system can build upon the abundant
experiences and knowledge about threats from different energy security and reliability stu-
dies. Schweikert & Deinert (2019) noted that identifying specific vulnerabilities allows for
better communication, planning, and situation-specific interventions. Thus, by focusing on
specific aspect decision-makers would be on the path to proffering adaptive solution for
stable, secured and reliable energy system.

5 CONCLUSION

This study addressed the main parameters for enhancing energy transition decisions through
resilience integration. This is important because in every incorporation of resilience for
energy decisions, the particulars of the case and context are inevitable. This study leveraged
the strengths of a systematic literature review as a comprehensive framework to explore the
literature in a specific field using the Scopus database to identify articles for review. The
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parameters include energy value chains, the nature of disruption, resilience strategies or
approaches, the anchor of energy resilience, the type of resilience, and the scope of appli-
cation of resilience strategies. Since energy resilience is fundamental to international devel-
opment and meeting sustainable development goals, the knowledge of different facets of
energy resilience as revealed in this study would support planning for resilient energy
infrastructure. It can provide guidance on generating metrics for resilience inclusive sus-
tainability evaluation of energy investment decisions, as well as post-investment perfor-
mance tracking of energy projects, resulting to tenable initiatives for improvement. The
outcome of this study contributes to the authors’ ongoing study on the development of
decision support for integrating sustainability and resilience for the energy transition in sub-
Saharan Africa. A future study should involve an actual application in case studies to assess
how well the parameters can support inclusion of resilience for energy transitions decisions
since it has only been presented conceptually.
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