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The pursuit of improved quality of life standards has significantly influenced the contemporary mining
model in the 21st century. This era is witnessing an unprecedented transformation driven by pressing
concerns related to sustainability, climate change, the just energy transition, dynamic operating envi-
ronments, and complex social challenges. Such transitions present both opportunities and obstacles. The
aim of this study is to provide an extensive literature review on energy transition to identify the chal-
lenges and strategies associated with navigating transformations in energy systems. Understanding these
transformations is particularly critical in the face of the severe consequences of global warming, where
an accelerated energy transition is viewed as a universal remedy. Adopting a socio-technological systems
perspective, specifically through the application of Actor Network Theory (ANT), this research provides a
theoretical foundation while categorising challenges into five distinct domains and outlining strategies
across these different dimensions. These insights are specifically tailored for emerging market countries
to effectively navigate energy transition while fostering the development of resilient societies. Further-
more, our findings highlight that energy transition encompasses more than a mere technological shift; it
entails fundamental changes in various systemic socio-economic imperatives. Through focusing on the
role of social structures in transitions, this study makes a significant and innovative contribution to ANT,
which has historically been criticised for its limited acknowledgement of social structures. Consequently,
we propose an emerging market energy transition framework, which not only addresses technological
aspects, but also integrates social considerations. This framework paves the way for future research and
exploration of energy transition dynamics. The outcomes of this study offer valuable insights to poli-
cymakers, researchers, and practitioners engaged in the mining industry, enabling them to comprehend
the multifaceted challenges involved and providing practical strategies for effective resolution. Through
incorporating the social dimension into the analysis, we enhance the understanding of the complex
nature of energy system transformations, facilitating a more holistic approach towards achieving sus-
tainable and resilient energy transitions in emerging markets and beyond.
© 2023 Sinopec Petroleum Exploration and Production Research Institute. Publishing services by Elsevier
B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Given that energy transition processes have received less
attention concerning ongoing challenges and strategies for
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sustainable implementation, this study provides new insight into
the body of literature by linking up two strands of the energy
literature: technological dimensions of the energy shifts and the
societal changes necessary for the transition to sustainable
renewable energy consumption and production pattern free from
environmental degradation (Zakari et al., 2022). The shift has
become urgent in the wake of more frequent and severe climate
change crises such as droughts, heat waves, floods, and rising sea
levels (Zakari et al., 2022a; Zahoor et al., 2022; Zhang and Kong,
2022). A vast amount of literature has demonstrated the impor-
tance of renewable energy to a sustainable environmental system
(Zhang and Kong, 2022; Liu et al., 2022; Liu et al., 2022), and the
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expected rising demand for critical transition minerals (Islam et al.,
2022). The current paper focuses on energy system transition
processes in emerging markets.

Such a study is timely as the world is seized with growing calls
to work towards the International Energy Agency's net zero emis-
sions by 2050 (IEA, 2023). This major shift has been called energy
transition, defined as a shift in an energy system's condition that is
more than the changes in a particular energy technology or fuel
source (Islam et al., 2022). A significant change in the energy sys-
tem primarily marks it. It is, therefore, associated with one or more
causes linked to the system's scale, structure, economy, and even
energy policy (Tzeremes et al., 2023). From an environmental
perspective, energy transition is the process of transferring away
from existing fossil energy systems represented by coal and pe-
troleum toward renewable energy (Li et al., 2023). To achieve this
objective, however, sacrifices must be made, as the transition ne-
cessitates the extraction of significant volumes of clean energy
transition minerals to support the diverse technologies involved,
such as solar photovoltaics (PV), wind turbines, storage facilities,
and numerous others (Valero et al., 2021). A paradigm shift from
fossil fuel-dependent non-renewable energy sources to clean and
renewable energy production processes is required, yet it relies on
metals and minerals (Islam et al., 2022). To understand the po-
tential trajectory of the ongoing energy transition, it is vital to
recognise that over the past 150 years, there have been at least two
significant energy transitions. The first transition involved the shift
from coal to gas and oil, while the current transition we are con-
fronted with involves the transition from hydrocarbons to renew-
able energy sources (Li et al., 2023).

The main differences between the two phases of transitions are
that the first transitionwas largely a traditional shift, understood in
terms of fuel sources, such as the transition fromwood to coal, coal
to oil, driven by the need to accelerate industrialisation. In contrast,
the current phase is propelled by the need to achieve sustainability
(just energy transitionwhere no one is left behind), necessitated by
the climate change crises (Zakari et al., 2022a; Zahoor et al., 2022;
Zhang and Kong, 2022). Therefore, in this review, we take a socio-
technological systems perspective and argue the traditional
framing of energy transitions as nothing other than technology
shift looks naive at best. We further posit that transitions in fuels
are inevitably accompanied by widespread social, economic, and
political transformations that must also be factored into assess-
ments of energy change (Rachidi et al., 2021). The implication of
this is that energy transitions must be preoccupied more impor-
tantly with choices not so much between different fuels but be-
tween different forms of social, economic, and political
arrangements built in combination with new energy technologies
(Burke and Stephens, 2018; Miller et al., 2013). By so doing, we
bring a novel perspective to our understanding of energy transition
processes.

What seems to be clear is the difference between the energy
transition trajectory experienced in the Global North and what it
will look like in sub-Saharan Africa (Acheampong, 2023). Scholars
have noted the contestation in ideologies and perceptions of how
the transition should be rolled out. For example, Pedersen and
Andersen (2023) remark on the conflict that erupted at both the
conference of the parties (COP) to the United Nations Climate
Convention (UNFCCC) or COP26 and COP27 between the Western
and African governments as the former emphasised the need to
reduce development finance for fossil-fuel projects. The scholars
conclude that the controversy is testimony to the need to under-
stand better how politics and power play a role in energy transi-
tions in lower-income African countries (Acheampong, 2023). It is
argued that the state and public utilities play a critical role, and so
are civil society organisations and international financial
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organisations such as the World Bank and IMF (Power et al., 2016).
For emerging markets, the energy transition trajectory is not clear,
as extant literature is largely based on transition patterns in
developed markets, which are technology-centric (Pedersen and
Andersen, 2023). For developed contexts, where formal in-
stitutions are well developed, techno-centric transition projections
are understandable. Yet, institutional voids in emerging markets
make it necessary to investigate how socio-technical factors inform
the just energy transition closely. While energy is generally
accessible in developed countries, in Africa, there is still debilitating
energy poverty (World Bank, 2023).

The other reason why it will not be possible to discuss the en-
ergy transition in emerging markets without leveraging a geopo-
litical lens is the important role of development organisations and
Western private capital in financing the increased need for resource
extraction and deployment of renewable energy sources (Li et al.,
2023). Although emerging markets such as South Africa are
endowed with critical raw materials (CRM) needed for the energy
transition, manufacturing and production houses are in the West.
Africa still lacks the technology and expertise for a successful
transition without partnerships with the global village. However,
the extant literature on energy transition is fragmented, lacking
clear frameworks for emerging market contexts (Pedersen and
Andersen, 2023). Research and practice approaches in the devel-
oped markets have largely reduced energy systems to remarkably
narrow configurations of energy technologies, the prices at which
these technologies can deliver energy in a useful form, and the
carbon emissions they release (IEA, 2023). The result is stunted
energy debates that systematically underemphasise the meaning
and consequences of energy systems and their changes for human
societies and provide limited opportunities for people other than
energy engineers, bureaucrats, and economists to make influential
contributions to energy policy deliberations (Miller et al., 2013;
Tzeremes et al., 2023). This paper responds to calls for energy de-
bates that are informed by robust empirical and theoretical in-
quiries into what current and future energy changes will mean for
diverse groups of people across the planet (e.g., Burke and
Stephens, 2018; Miller et al., 2013). For these reasons, this paper
focuses on energy transitions from emerging markets, with a spe-
cial focus on Africa. This also informs the sampling of literature for
consideration.

The overarching objective of this paper is to propose a frame-
work of energy transition for emerging markets faced with high
endowments of CRM within a context of energy and socio-
economic poverty, unemployment, and inequality. Therefore, the
paper answers the following questions.

a) How is energy transition conceptualised from an emerging
market standpoint?

b) What challenges must emerging markets overcome for a
successful just energy transition?

c) How can emerging markets overcome various challenges to
accelerate the sustainable energy transition?

d) What are the important outcomes a just energy transition
should deliver?

After a thorough interrogation of these questions, the paper
further outlines the just energy transition implications for
emerging markets' skillsets, jobs, and community resilience. By
addressing these important questions, the paper makes a signifi-
cant contribution to the Actor Network Theory (ANT) by identifying
and demonstrating that in addition to the widely leveraged four
stages of translation, energy transition would require a distinct
additional stage we label ‘institutionalisation’ to show the taken-
for-granted necessary for just and sustainable energy transition in
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emerging markets, where institutional voids have been docu-
mented (Saeed et al., 2022). The paper tackles institutional di-
mensions of energy transitions, thereby adding a voice to
addressing necessary and urgent calls to improve a theory often
criticised for being institutionally blind (Marcon Nora et al., 2023).
In addition to contributing to ANT, the paper makes a significant
contribution to energy management literature by developing a
framework of how the energy transition could pan out in emerging
markets. This answers recent calls by scholars for more research
that builds theory in emerging markets contexts (Morris et al.,
2023), thereby leveraging the huge potential for novel theory
development (Morris et al., 2023). At a more practical level, this
study is significant as nations benefit from energy transition
through enhanced economic growth and environmental sustain-
ability (Liu et al., 2022).

That we have provided the background to this manuscript by
outlining some of the challenges associated with energy transitions
in emerging markets, potential differences with developed markets
transitions, and the contributions the paper makes to Actor
Network Theory and energy management literature, we next
describe the review methods used.

2. Review methodology

The literature review in this paper is based on searches in
WorldCat, a database linked to library collections across the world,
and Google Scholar, combining search terms like ‘renewable en-
ergy’, ‘energy transition’, ‘just energy transition’, ‘community
resilience’, ‘skills’, ‘jobs’, ‘critical raw materials’, ‘Africa’, and
‘development assistance’. Further, more in-depth searches were
made on selected aspects of the socio-political-economy of energy
and energy transitions in Africa and other emerging markets, as
well as on the experiences of South Africa which is used as an
example. The sampling relied on snowballing, where the re-
searchers tracked related papers which either cited or were refer-
enced by a focal paper (Wohlin, 2014). Only relevant papers from
the search engine results were included for snowballing. The paper
is presented in six sections, with the introduction highlighting the
main research questions the review sought to answer and the main
contributions of the study, a methods sectionwhich is followed by a
conceptualisation of energy transition from a socio-technological
systems perspective. Section four interrogates the key challenges
emerging market actors face as they transition from non-
sustainable energy systems to more sustainable ones. After
scoping the key challenges, the review paper explores some of the
strategies that could help emerging markets navigate the energy
transition without worsening the current inequalities, poverty, and
high levels of unemployment. The final section concludes the re-
view and suggests possible avenues for future research.

3. Conceptualising the energy transition

The concept of “energy transitions” has been used so narrowly
in policy discussions that it may no longer be appropriate for
capturing the broad social consequences of energy systems change
unless used more nuancedly (Miller et al., 2013; Acheampong,
2023). Within the existing literature, there is a notable disparity
in the usage of the concept, revealing a crucial dichotomy. This
dichotomy highlights the diverse perspectives on possible energy
transitions, where some emphasise sustainability and climate
change mitigation, while others prioritise resilience and climate
change adaptation. This plurality of transitions showcases both
convergences and divergences in the approaches taken to address
our complex challenges (Hoppe and de Vries, 2019; Watari et al.,
2021). The literature conceptualising energy transition as a
3

struggle with sustainability and climate change mitigation has
tended to focusmore on the technology and how it can help reverse
the effects of carbon emission (e.g., Energy Agency, 2021; Tzeremes
et al., 2023). On the other hand, the scholars who emphasise
resilience and climate change adaptability have tended to focus on
how communities and stakeholders could be prepared to deal with
the negative impacts of climate change, for example, farmers
dealing with floods and droughts or employees dealing with job
losses in the event of closures such as those associated with the
transition from coal-fired energy plants (Owen et al., 2022; Valero
et al., 2021).

These conceptualisations show us so much of an intertwining of
technological shift and socio-political struggles as society and
governments must deal with the inevitable new energy direction.
In this paper, we argue that the transition is neither a technology-
only nor a social-only dynamic (Burke and Stephens, 2018). It is a
surging dynamic that encapsulates technological and social shifts
that the 21st century society must tackle with intentionality. This
argument is amplified by scholars who demonstrate how, for
example, powerful and enduring socio-technical imaginaries shape
the ways in which nation-states understand and allocate the risks
and opportunities in large projects such as nuclear power (e.g., see
Jasanoff and Kim, 2018). Similarly, energy transitions could be
equally enabled and propelled by purely social conditions such as
fantasies arising from energy sources (Sovacool and Brossmann,
2013). The social influence on energy transition could be seen
when considering why bottom-up knowledge rather than the top-
down dictates of policymakers and cultural brokers tend to yield
substantive results (Phadke, 2013).

Together, the preceding arguments suggest that the energy
transition is a socio-technology process to be understood through a
socio-technological systems theoretical lens. To that end, this re-
view is anchored on actor network theory and suggests that tech-
nology is not created on the one hand by innovators and passively
adopted by active users. This is a remarkable insight in under-
standing energy transition, first as a technology shift, and second,
one that does not have to be driven on different ends by innovators
and adopters (Hess and Sovacool, 2020). Rather, there is integration
of non-human and human actors to create a stable network of ac-
tors (Aka, 2019). Conceptualising the energy transition as a network
building process that seamlessly involve the integration of all ac-
tors, human and non-human provides novel insights to unpack
transition trajectories into the future (Marot et al., 2022). The im-
plications of this change in conceptualisation include ensuring the
collective engagement of stakeholders at every stage of the energy
transition network building process (Marcon Nora et al., 2023). This
process encompasses various phases, including problematisation,
interessement or interposition, enrolment, and mobilisation
(Akrich, 2023). During problematisation, the primary actor en-
deavours to identify the core issue at hand, determining the
necessary knowledge claim required to address the problem, and
identifying the actors that are essential within the network. Ac-
cording to Callon (1986) problematisation entails the main actor
showing others what constitutes the problem at hand and
convincing them that they have the ‘correct’ solution. In energy
transition this could be a government showing the dangers of not
attending to the carbon emissions and demonstrating why energy
transition is the only viable solution, described in ANT as the
Obligatory Point of Passage (OPP) to save the planet (Heeks and
Stanforth, 2015). This stage involves a careful examination and
articulation of the challenges and opportunities associated with the
energy transition (Markon Nora et al., 2023). For energy tran-
sitioning emerging markets, the government could be the primary
actor, envisioning the detrimental effects of inaction in the face of
the impending devastating effects of global warming (Zakari et al.,
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2022). In several countries, these effects are already witnessed and
well-articulated in government narratives to drive the energy
transition agenda. For example, in South Africa, the government set
up the Just Energy Transition Commission and is fostering part-
nerships to spearhead the process (Tyler and Mgoduso, 2022).
Some of the global warming challenges include more frequent and
severe droughts, floods, and heat waves. Once the problem has
been identified and crystallised, the next step is interessement.

During interessement, the primary actors actively work toward
building the network by engaging in negotiations with other actors,
defining their respective roles within the network (Heeks and
Stanforth, 2015). This phase entails fostering a shared under-
standing and agreement among the stakeholders regarding their
involvement and contributions to the energy transition (Akrich,
2023). An essential process during the interessement phase is
how the principal actors lock the others into place by interposing
themselves, weakening the links of other actors to alternative in-
terpretations and strengthening their focus on the problematized
OPP (Heeks and Stanforth, 2015). This is seen in the energy tran-
sition by discrediting fossil fuels and even suggesting an ambitious
target for eliminating hydrocarbons from the energy and electricity
systems (Burke and Stephens, 2018; Miller et al., 2013). In South
Africa, the government set an ambitious target to phase out coal-
fired power stations (Muttitt et al., 2023). This weakens the links
between power utility companies and coal-producing players. The
government of South Africa has already started engaging with
other actors, such as the alternative transition energy funders and
generators (Marot et al., 2022). The users of alternative green en-
ergy are also considered in the process, for without critical uptake
of the renewable energy, and behavioural change, the transition is
slowed.

Once the negotiation process is complete, enrolment comes into
play. At this stage, the actors involved willingly accept the roles
assigned to them and actively enrol themselves in the network.
What is important at this stage is acting, thus, the principal actors
put interessement into practice by actions that define the roles that
are to be played in enacting the OPP and the way in which the
actors will relate to one another within the network (Heeks and
Stanforth, 2015). This phase signifies a commitment and readi-
ness to collaborate and work collectively towards achieving the
goals of the energy transition. For example, if original equipment
manufacturers agreed to the role of providing new equipment in
the previous stage, the third stage involves putting to practice those
roles by starting the production process. Meanwhile, the users are
expected to starting shifting from fossil fuels to renewable energy
sources. The main reason for a seamless integration of generation
and use of energy is because energy is highly perishable, such that
it should be used as it is generated (Muttitt et al., 2023). On the
other hand, although the government may initiate funding of the
energy transition, the other funders identified from the previous
phase must start demonstrating commitment by funding to sup-
port the rolling out of equipment and infrastructure (Benlemlih
et al., 2023). By emphasising action, the ANT phase of enrolment
is, therefore, an essential part of the energy transition. Fourth,
mobilisation occurs as external actors, often referred to as allies,
extend their support to the network (Heeks and Stanforth, 2015).
External funders and the international community of stakeholders
could become integral to the energy transition efforts that started
with the government and possibly other few local players. These
allies recognise the importance of the energy transition and
contribute their resources, expertise, or influence to bolster the
efforts of the network (Muttitt et al., 2023). For this to succeed, the
principal actors borrow the power of their passive agent allies and
put themselves into positions of their representatives or spokes-
people. During this important phase, actors dedicate their attention
4

to monitoring of diverse interests so that they remain stable
(O'Connell et al., 2014). Therefore, mobilisation amplifies the net-
work's reach and impact, facilitating broader engagement and
greater effectiveness in driving the energy transition forward
(Marot et al., 2022). Through emphasising the significance of
stakeholder participation and employing the framework of prob-
lematisation, interessement, enrolment, and mobilisation, the en-
ergy transition network can harness collective knowledge,
resources, and support for a more comprehensive and successful
transition process (Justesen and Mouritsen, 2011).

Although the original ANT assumes the four important pro-
cesses of building a network, for this paper we propose a fifth
process we label institutionalisation. Borrowing from institutional
literature (e.g., Arranz and Arroyabe, 2023) we argue that institu-
tionalisation is important in the emerging markets energy transi-
tion because there is a lot of work to be done for the energy
network to stabilise and avoid dissidence or network collapse
(Heeks and Stanforth, 2015). It involves a gradual shift not only in
technology but behaviours and institutions, even after the actors
are mobilised in the fourth process. Studies suggest the need for
joint learning and institutionalisation of emerging energy systems
to reach scale (Wahlund and Palm, 2022; Øvald et al., 2023). We
argue that energy transition will be just and scalable, if it is insti-
tutionalised when green energy financing, production and con-
sumption is embedded in the energy systems to the extent of being
taken for granted. This is an important process considering that
energy transition networks by nature are cultural constituted
processes (Mützel, 2009).

Collectively, these five processes, we argue, constitute what is
known as translation in the context of emerging market energy
transition. Drawing on Latour's (1999a, p. 179) perspective, trans-
lation encompasses various aspects such as displacement, drift,
invention, mediation, and the establishment of new connections
that did not previously exist. It captures the transformative nature
of the energy transition network-building process, where actors
and stakeholders collaborate to navigate the complexities and
challenges of transitioning to a sustainable energy system (Gatto,
2022). Translation involves the dynamic movement and reconfi-
guration of ideas, knowledge, interests, and resources within the
network (Heeks and Stanforth, 2015). It entails the displacement of
existing practices and the introduction of novel approaches to
address the demands of the energy transition. Through this pro-
cess, actors are prompted to adapt, evolve, and find innovative
solutions, fostering the creation of new connections and relation-
ships at both the social and the technology dimensions.

Drift is an inherent component of translation, signifying the
subtle shifts and changes that occur as the network evolves (Latour,
1999a). It represents the fluidity and adaptability of the energy
transition process, as actors continuously reassess and realign their
roles, strategies, and objectives to navigate the evolving landscape
(Pak et al., 2023). Invention plays a vital role in translation, referring
to the generation of new ideas, concepts, and technologies that can
propel the energy transition forward (Poddiakov, 2023). It involves
the exploration of innovative solutions and the development of
novel approaches that address the challenges and opportunities
presented by the transition (Pak et al., 2023). Mediation is another
aspect of translation, acting as a bridge that facilitates communi-
cation, negotiation, and collaboration among diverse actors within
the network (Gatto, 2022). It enables the exchange of knowledge,
perspectives, and resources, fostering collective decision-making
and the formation of shared goals (Paddiakov, 2023). Ultimately,
the translation process creates a link that establishes connections
and relationships between actors, knowledge domains, and prac-
tices that were previously separate or disjointed to better imple-
ment energy transitions (Sillak and Vasser, 2023). It signifies the
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transformative power of collective action and collaboration in
shaping the energy transition, forging new pathways towards a
sustainable and resilient future energy system (Muttitt et al., 2023).

In this vein, energy transition is conceptualised as a shift in an
energy system's condition, that is more than the changes in a
particular energy technology or fuel source but marked by a sig-
nificant change in the energy system and is therefore, associated
with one or more causes linked to the system's scale, structure,
economy, energy policy, behavioural usage patterns and processes
through which all these are achieved (Wahlund and Palm, 2022).
The value of analysing energy changes through the lens of socio-
technological systems stems from the ability to expose important
aspects of energy transformation that go unrecognised and unac-
knowledged in other analytical approaches (Mamidi et al., 2021;
Miller et al., 2013; Watari et al., 2021). These include the social
processes that stimulate and manage energy transformation, the
social changes that accompany shifts in energy technologies, and
the social outcomes that flow from the organisation and operation
of novel energy systems (Miller et al., 2013).

Having conceptualised energy transition with the ANT lens, we
now turn to exploring the challenges of energy transition that are
applicable in emerging markets.

4. Challenges of emerging markets energy transition

The energy transition, like any other change process is riddled
with challenges emanating from uncertainties related to choices
that must be made in flow. The literature review has identified four
key challenges that are presented with the illustration of examples
in this section.

4.1. Lock-in problem

The lock-in problem is a significant challenge in energy transi-
tion research, as it involves the influence of inertia, path depen-
dence, and enablement on the selection of courses of action. Path
dependence, characterised by the inertia of prior choices, imposes
constraints on future pathways due to self-reinforcing limits
(Talebzadehhosseini and Garibay, 2022; Azam et al., 2023). These
limits can include factors such as sunk investment costs, increasing
returns, inter-relatedness of technologies, and network effects
(S�anchez and Leadem, 2018). The concept of lock-in arises from
path dependence and elucidates why new energy technologies,
even if superior, sustainable, and economically feasible, may not be
readily adopted (Araújo, 2014). Lock-in occurs when existing sys-
tems, infrastructure, and policies create barriers that hinder the
adoption of alternative energy solutions. For instance, established
energy systems heavily reliant on fossil fuels often have substantial
investments and infrastructure in place (S�anchez and Leadem,
2018). This extensive infrastructure, coupled with the associated
costs of dismantling or replacing it, poses a significant obstacle to
transitioning to cleaner and more sustainable options (De La Pe~na
et al., 2022; Zakari et al., 2022). Additionally, vested interests and
dependencies on existing systems as actors dread the potential
risks of stranded assets and economic losses, contribute to the lock-
in problem, further impeding the adoption of innovative energy
technologies (Goldstein et al., 2023).

Addressing the lock-in problem necessitates strategic in-
terventions to overcome the inertia and constraints imposed by
path dependence. These interventions can include the formulation
and implementation of supportive policies, incentives for innova-
tion and investment in clean energy, collaborative initiatives
among stakeholders, and efforts to raise public awareness and
support for sustainable alternatives (Gatto, 2022, Ali et al., 2023).
Recognising and understanding the lock-in problem is important
5

for effectively navigating the energy transition. Through identifying
the barriers and developing targeted strategies to mitigate them,
actors can facilitate the adoption of new energy technologies and
overcome the resistance posed by existing systems (De La Pe~na
et al., 2022). Overcoming lock-in is essential for unlocking the full
potential of the energy transition and realising the benefits of a
more sustainable and resilient energy future.

4.2. Energy dilemma and renewable energy transition

For emerging markets, important considerations when investi-
gating energy transitions are the questions of energy security and
energy equity, jointly referred in this paper as the energy dilemma.
The definition of energy security has been elusive, but our literature
review has identified some important themes to understand its
conceptualisation. The diversity of themes highlights the con-
textuality of the definitions. From a national level of analysis, the
themes are energy availability, infrastructure, energy prices, soci-
etal effects, environment, governance, and energy efficiency (Ang
et al., 2015). According to Liu et al. (2022a,b,c) when a nation can
meet its current needs and ensure the energy infrastructure's
resilience and reliability, it can provide energy security, whereas
access to reliable, affordable, and abundant energy is a fundamental
tenet of energy equity.

What is observable in extant literature is the shift from
explaining the resistance to new renewable energy in terms of
existing energy technology regimes (for example see Azam et al.,
2023) to increased attention to empirically unpacking the resis-
tance of vested interests in and around public utilities (Demski
et al., 2018). This argument is laid bare when considering the
example of South Africawhere Eskom, the public utility's resistance
to non-hydro renewable energy has been associated with the ex-
istence of a mineralseenergy complex constituted by reciprocal
relations between mining industries, the energy sector, and related
political interests in cheap energy produced from coal (Baker et al.,
2014; Baker and Burton, 2018; Ting and Byrne, 2020; see also
Hochstetler, 2020).

However, further exploring the case in question, the narrative
often given, like in several other developing nations is that lower
income African countries do not only suffer from public utility
resistance but genuine concerns over energy security and delib-
erate attention on developing domestic sources of energy (Hassan
et al., 2022). The need for energy security is not new although in
the early transition it was primarily about securing oil and gas
supplies, but now it is broadly about all forms of energy including
electricity (Chester, 2010). The affordability, ease of availability and
technological maturity of oil in some regions have contributed to
the slow uptake of investment in renewable energy projects (Qadir
et al., 2021). Therefore, it is argued that commercially viable en-
dowments of fossil fuels provide a strong incentive for continued
investment in these sources, especially in emerging markets char-
acterised with energy poverty and alternative technology resource
constraints (Zakari et al., 2022). The recent rise in oil and gas in-
vestment in Uganda, Ghana and South Africa, and continued coal
investment in Zimbabwe further attest to this. Scholars have
described this as the ‘lock-in problem’ (Kemp et al., 2007), resulting
in continued reliance on existing energy sources and usages. In this
vein, there is fear of worsening the energy crises in emerging
markets, hence lock-in in traditional energy sources (Goldthau and
Sovacool, 2012).

Fig. 1 shows that Africa in general and Sub-Saharan Africa
particularly is grappling with energy poverty as the low levels of
access to energy suggest. Even among developing regions, Sub-
Saharan Africa still has lowest percentage of people with access
to electricity despite other regions moving toward converging



Fig. 1. The prevalence of energy poverty in selected developing countries, as indicated by regional proportion of access to electricity (World Bank, 2023).
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above 90% electricity access.
The situation has been exacerbated by major conventional en-

ergy producers who have criticised the use of renewable energy
renewable energy and portrayed it as costly and unpredictable
(Geels et al., 2017). There are numerous biases against renewable
energy with some ‘doom-scholars’ in different capacities thwarting
the deployment of renewable energy by arguing that it is not
feasible that renewable energy will meet the world's energy de-
mand (Brook and Bradshaw, 2015; Harjanne and Korhonen, 2019;
Heard et al., 2017). These pessimistic biases have impacted and
indeed influenced public perception of renewable energy sources
in terms of reliability, security, and affordability (Diesendorf and
Elliston, 2018).

It is, therefore, proposed that:
Countries with commercially viable reserves of fossil fuels have

a significant incentive to continue investing in these resources to
ensure energy security. Consequently, this inclination towards
maintaining fossil fuel reliance favours a gradual approach to the
energy transition rather than a rapid one. The availability of
abundant and economically viable fossil fuel endowments within a
country creates a sense of security in meeting its energy needs.
These resources can contribute to a stable energy supply, reducing
dependence on external sources and potential energy
vulnerabilities.

Balancing the need for energy security with the imperative for
environmental sustainability requires careful consideration and the
development of tailored strategies. This may include diversifying
the energy mix, investing in research and development of renew-
able technologies, fostering international collaborations, and
implementing policies that promote a just and inclusive energy
transition.
4.3. Structural rigidities: financing, institutions, and the energy
transition

Research on the interconnectedness of resource endowments,
global markets and governance dynamics in the global north is well
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established (Energy Agency, I, 2021; Hoppe and de Vries, 2019).
However, despite the important role of these factors in lower in-
come countries, it remains unclear how they play out in the global
south (Pedersen and Andersen, 2023). Traditionally, private in-
vestment has financed coal, oil and gas, and other non-hydro
sources of energy, yet the recent spike in donor funding for
renewable energy has been noticeable (Li et al., 2023). Thus, the
role of funding cannot be neglected in the pace and direction of the
energy transition. There is huge demand for finance to develop the
much-needed infrastructure as emerging markets grapple with
dilapidated powerlines which compromises energy security (Ang
et al., 2015). The numerous breakdowns could result in compro-
mised efficiency and effectiveness, even if investment were made
to boost renewable energy generation.

Renewable energy generation and distribution requires very
significant investments for generators and distribution channels to
the end-users (Anantharajah and Setyowati, 2022). Traditionally,
power generation was located close to the source of energy, for
example hydropower stations, or closer to the end users as was the
case with some thermal power stations. With the current rolling
out of renewable energy, there is a huge opportunity to locate
power generation closer to end users. However, that comes with
social risk considerations and feasibility as much of the renewable
energy technology requires large tracts of land (Ainou et al., 2023).
The other challenge facing rollout of renewable technology is the
fact that it is not always possible to conveniently utilise existing
infrastructure, such as powerhouses and powerlines.

Furthermore, the question of security and vandalism is very high
in emerging markets, factors less likely to be a consideration in the
global north. A typical reason for investors shunning funding
renewable energy projects is grid non-availability, a situation
where there is electricity production, but the grid infrastructure
cannot accommodate the additional power (Anantharajah and
Setyowati, 2022). We call this problem ‘weeding the forest’
because the power producer is generating energy which cannot be
utilised. This is a common problem in emerging markets where
existing infrastructure is either not available or is old, and
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therefore, experience costly frequent breakdowns (Belaïd, 2022).
The problem gives rise to a situation where the electricity gener-
ated from a power producer goes to waste or is only partially
purchased (Pilz and Al-Fagih, 2019).

Whereas significant investments in oil and gas have come from
the private investment, much of non-hydro energy investment in
sub-Saharan Africa could be traced to Western international
financial players. South African institutional investors' holdings in
coal, oil and gas companies in South Africa amount to USD 17.1
billion, ranking South Africa 19 out of 74 countries globally for the
amount of money invested in fossil fuel companies (CER, 2023).
Some examples of fossil investors in South Africa are the Govern-
ment Employees Pension Fund, and Public Investment Corporation
(CER, 2023), while renewable energy investments for the country
received a boost following the International Partner Group (IPG) of
five nations' pledge of $8.5 billion to support the country's transi-
tion investment plan from fossil fuels. However, the money is seen
as inadequate to fund the transition and comes as a debt burden for
South Africa. Some scholars observed that part of the broader
renewable energy investment has geopolitical undertones (Yang
et al., 2023). For example, the active investment of the USA
through the U.S. International Development Finance Corporation
(DFC) and the Power Africa initiative could be seen as a counter to
the growing influence of China on the African continent (Bazilian
et al., 2017).

As Fig. 2 shows, investment on renewable energy remain lower
than fossil fuels in 2015 (a) and in 2021 (b). The other clear evidence
is the static low investment in electricity networks when compared
with the Asia Pacific, Europe, and North America.

From a public funding perspective, one structural rigidity
emerges from fossil fuel subsidies where government measures are
put in place to lower the price paid for fuel by consumers or to
increase the price received by energy producers (Hayer, 2017).
Several types of subsidy instruments are observed and differ be-
tween countries and can be classified into the following four cat-
egories: (i) direct financial transfers, (ii) preferential tax treatments,
(iii) trade restrictions, i.e., import duties and tariffs; and (iv) regu-
lations, i.e., price controls and rate caps (Qadir et al., 2021). Thus,
governments across the world provide subsidised fossil fuels to
incentivise the establishment of new industrial zones which is an
Fig. 2. Investment on renewable energy by regions (IEA, 2023). (a) s
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important mechanism to accelerate economic growth and reduce
income inequality in emerging markets (Al-Badi and AlMubarak,
2019; Alshehry and Belloumi, 2015; Howarth et al., 2017). How-
ever, such non sustainable energy subsidies are the main barriers to
implementing clean energy projects (Erickson et al., 2017) through
both limiting the production of renewable energy and increasing
the demand for fossil fuels (UN, 2023). We argue for financial
innovation, entailing the gradual removal of such subsidies and
reallocation of funds to the promotion of renewable energy (Geels
et al., 2017).

Some institutional rigidities emanate from information asym-
metry where various stakeholders have different information about
the same situation (Manjon et al., 2022). An example is the lack of
information pertaining to the cost of deploying renewable energy
when contrasted with the benefit of climate change mitigation. The
cost of deploying renewable energy is declining with advent of new
technology, yet policies in several countries remain fixated on old
high-cost structures. As Fig. 3 shows, the cost of capital for a wide
range of renewable energy sources has been declining from 2010 to
2018 according to figures from the IEA (2023). Private companies,
including in the mining industry, for example, Sibanye-Stillwater in
South Africa are taking advantage of the low capital cost to reduce
their energy costs, improve power availability, lessen demand on
the national grid and improve their carbon footprint by investing in
solar projects (Mining Weekly, 2023) while governments remain
stuck on subsidies of fossil fuels.

Following the preceding reasons, we propose that:
In the context of lower income African nations grappling with

significant debt burdens, the availability of funding plays a signif-
icant role in determining the pace of their energy transition. These
countries face unique challenges, as they strive to balance the ur-
gent need for sustainable energy sources with the limited financial
resources at their disposal. While funding can serve as a catalyst for
accelerating the energy transition, the presence of underdeveloped
policy frameworks presents a significant obstacle. The availability
of adequate funding provides these nations with an opportunity to
invest in renewable energy projects and infrastructure, thereby
reducing their reliance on fossil fuels. Such investments not only
contribute to addressing climate change and promoting environ-
mental sustainability but also offer potential economic benefits,
hows investment in 2015, while (b) shows investment in 2021.



Fig. 3. Evolution of renewable energy generation costs over time. Source: International
Energy Agency (IEA, 2023). Note: LEDs ¼ light-emitting diodes, PV ¼ photovoltaic.
Capital costs represent the global weighted average costs of components or commis-
sioned projects in the respective sectors. Solar PV and wind costs are based on cal-
culations by IEA analysis using data from the International Renewable Energy Agency
(IRENA, 2019).
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including job creation and increased energy access. Therefore,
financial resources can act as a powerful incentive, pushing these
countries towards a more rapid energy transition.
4.4. Technology stunting: ICT, R&D and renewable energy transition

The role of ICT in energy transition is little understood as there
has been limited research in this space (Li et al., 2023). However,
evidence suggests that ICT is known to help countries to deliver on
SDGs (Vyas-Doorgapersad, 2022), enhance energy efficiency via
better management of energy resources (Zhao et al., 2016), and
increase the share of renewable energy in the total level of energy
consumption (Nguyen and Kakinaka, 2019), maximizing the pro-
duction of renewable resources and to comfort the storage of
electricity generated from renewable sources (Li et al., 2023;
Tzeremes et al., 2023). Scholars argue that large capital investment
requirements, low technological development, and information
access are major obstacles in the renewable energy sector (e.g.,
Shahbaz et al., 2022). However, ICT has potential to enable coun-
tries to include renewable energy sources into the energy mix by
diminishing social, knowledge, and technical barriers (Li et al.,
2023). A country's ICT sector development is known to signifi-
cantly impact increasing clean energy sources to ensure a sus-
tainable future. It is important to highlight that there is debate as to
the role of ICT in influencing co2 emission, because the results to
verify that argument are inconclusive (Tzeremes et al., 2023).

Despite the ongoing debate, our literature review suggests that
lack of investment in research and ICT is a major stumbling block to
energy transition (Shahbaz et al., 2022; Hosan et al., 2022). In a
landmark study, Shahbaz et al. (2022) employed panel data of 72
countries covering the period 2003e2019 to investigate the
mediating effect of government governance, asymmetry, and het-
erogeneity between the digital economy and energy transition. The
authors found that the digital economy positively affects energy
transition by boosting the renewable energy consumption struc-
ture, generation structure, and by promoting governments’ gover-
nance capabilities. An important finding from the study was that
the digital economy positively contributes to renewable energy
transition in the high-income countries, and there are regional
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heterogeneities in the impact of the digital economy on energy
transition. Government governance was also found to have a
mediating role in the relationship. Similarly, Qi et al. (2022) found
that research and development investment leads to energy tran-
sition performance in terms of financial and non-financial perfor-
mance. Studies in the European Union suggest that promoting
energy patents in the transition is a contemporary need for a sus-
tainable ecological solution (Chen et al., 2023), whereas studies in
OPEC countries revealed that development of environment related
technology (DERTI) activate the transition toward renewables (Niu
et al., 2022). Together, these literatures underscore the important
role of research, technology innovation and development in driving
the energy transition through enabling renewable energy genera-
tion, storage, distribution, and usage options.

Building on these studies, we highlight literature from emerging
markets which suggest paucity in R&D investment in thesemarkets
(Sun et al., 2023; Li et al., 2023). According to Luo and Zhang (2022)
it was China's realisation that R&D expenditure intermediate as a
new determinant for low carbon energy transition in Belt and Road
Initiative economies, that propelled the energy transition. Similarly,
Zhang and Kong (2022) found that when policies are instituted to
drive energy transition, their boosting effect on renewable energy
is overshadowed by resource allocation efficiency and technolog-
ical innovation, which poses a serious challenge for emerging
markets that lack efficiency due to stunted innovation.

Where attempts to digitise are made in emerging markets, new
challenges have been experienced. For example, the threat of
cybersecurity is on the rise for several countries and energy tran-
sition actors (Jakimowicz, 2022). Therefore, we argue that cyber-
security governance, which has not been widely covered in energy
transition literature is an important consideration as economies
digitalise for the just energy transition (Sanders et al., 2022).
Specially, the convergence of Information Technologies and Oper-
ational Technology systems in industrial and public networks
present several challenges related to availability, integrity, and
confidentiality (Boeding et al., 2022). Cybersecurity governance are
the processes and systems used to prevent damage, attack, or un-
authorized access to the integrity and reliability of programs, data,
and networks (Sanders et al., 2022). If cybersecurity governance is
not prioritised, the energy transition is faced with serious risks
(Jakimowicz, 2022; Sanders et al., 2022). For example, in February
2019, South Africa ‘s state-owned power company, Eskom, left a
database, containing customer details, including partial credit card
numbers exposed online and it is not clear the extent towhich their
over 5 million customers were affected by the cyber-threat
(Olofinbiyi, 2022). What makes this a serious issue in South Af-
rica is that the country was ranked as having the world ‘s third-
highest number of cybercrime victims, with losses to cyber-
attacks amounting to an estimated R2.2bn per year (Olofinbiyi,
2022).

Based on our analysis, we propose the following argument:
The lack of investment in Information and Communication

Technology (ICT) development in emerging markets has a detri-
mental impact on the advancement of renewable energy transition.
ICT plays a crucial role in enabling and optimizing renewable en-
ergy systems, facilitating efficient energy management, and pro-
moting renewable energy integration into existing infrastructures.
However, the inadequate investment in ICT development in
emerging markets hinders their ability to fully leverage the po-
tential of renewable energy sources. ICT solutions, such as smart
grids, advanced metering systems, and data analytics, are instru-
mental in enhancing the efficiency, reliability, and flexibility of
renewable energy systems. These technologies enable real-time
monitoring, optimisation of energy generation and consumption
patterns, and effective demand-side management. Additionally, ICT



Fig. 4. South Africa's electricity generation over time (IEA, 2023).
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applications facilitate the integration of distributed energy re-
sources and enable grid management strategies that support
renewable energy sources.

4.5. Social dilemma

Our review of energy transition literature through a socio-
technological lens reveals a social dilemma which addresses two
often conflicting challenges: social impact and environmental
sustainability (Liu et al., 2022). Although some scholars widely refer
to the concept of energy trilemma, to describe the triple challenges
of energy security, equity, and environmental sustainability (Khan
et al., 2022; Shiraz et al., 2022), the additional burden of lost live-
lihoods for communities and employees is apparent in emerging
markets when they transition from fossil fuels (Hampl, 2022). Thus,
we chose to discuss the dilemma of social impact and environ-
mental sustainability separately to underscore the importance of
social issues in emerging markets which pose a huge risk to tran-
sition due to conflict over land use (Ghosh et al., 2022). The link
between energy transition and sustainability is understood by
considering the finding in literature that resources extraction is
detrimental to the environment (Liu et al., 2022). It is argued that
maintaining this balance in the era of rapid transitions to decen-
tralized, decarbonized, and the digital system is challenging as it
may risk trading off equally essential goals (Shiraz et al., 2022).

The estimation is that at least 30 energy transition minerals and
metals (ETMs) form the material base for the energy transition, of
which more than 50% is located on or near the lands of Indigenous
and peasant peoples, two groups whose rights to consultation and
free prior informed consent are embedded in United Nations dec-
larations (Owen et al., 2022). This poses a significant challenge
related to intersectionality with territories located in remote areas,
mostly in developing countries (Jiskani et al., 2022). The projected
rate of energy transitionwill certainly influence indigeneity, human
modification of land, food production, water risk, conflict, and in
the process compromising capacity measures for project permit-
ting, consultation and consent (Islam et al., 2022; Owen et al.,
2022).

Unless a deliberate effort is made to achieve a balance, there is a
danger of overly focusing on social and environmental crisis asso-
ciated with climate change at the expense of new impacts and
dynamics associated with expanded resources extraction to sup-
port the transition (Huang et al., 2023). This is a likely outcome of
the current scenario where considerations about the local effects of
resource extraction are superseded by concerns about the possible
severity of climate change and the urgent need to act (Jiskani et al.,
2022). It is important to note that energy transition metals and
minerals demand is projected to increase by as much as over 40
times for lithium and about 20e25 times for graphite, cobalt, and
nickel (IMF, 2023). Although copper and iron are ubiquitous, an
estimated demand rise of 275% for copper will lead to a giant leap
in exploitation of this and other metals (Huang et al., 2023). For
example, electric vehicle manufacturing requires several energy
transition minerals including lithium, cobalt, and nickel, while
deployment of hydrogen technology as an energy carrier will drive
the demand for nickel and zirconium for electrolysers, and for
platinum-group metals for fuel cells (Owen et al., 2022). What
seems to be clear is that the growing demand for energy transition
minerals and the accompanying rapid exploitation will intensify
competition between climate change mitigations, environmental
values, land use and the protection of land-connected peoples’
rights (Huang et al., 2023).

Therefore, energy transition sparks debate about social di-
lemmas emanating from lack of clarity on the trade-offs between
mitigating climate change impacts and the associated socio-
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economic costs to host communities (Zakari et al., 2022). It is
important to take a collaborative approach to advancing the energy
transition so that actions are coordinated with full participation of
affected stakeholders to mitigate social and environmental threats
to sustainability as enunciated in the United Nations Sustainable
Development Goals 2030; Owen et al. (2022). Additionally, the
capacities of political steering and governance (Kemp et al., 2007a)
are limited because of several problems, for example, ambivalent
national goals or priorities between climate change challenges and
socio-economic progress; uncertainty about causeeeffect relations
and, distributed power of control (Funtowicz et al., 1998; Roe, 1998;
Kemp et al., 2007a; Stepanov et al., 2023); political myopia;
determination of short-term steps; and a danger of lock-in (Kemp
et al., 2007; Kemfert et al., 2022).

Fig. 4 below shows the electricity generation by source in South
Africa from 1990 to 2020. As seen from the graphs, coal is clearly
the highest source of electricity generation, while wind and solar
make an insignificant contribution. The dilemmas faced with gov-
ernment and other actors in the country is whether to prioritise
energy transition goals or compromise transition commitments
and ensure people and industry have electricity.

With energy transition comes the accelerated shutting down of
coal powered stations. This is accompanied by huge burdens for
developing nations from loss of employment, social networks, and
livelihoods for host communities (Pedersen and Andersen, 2023).
For example, at renewable energy plants the local communities are
more vulnerable to the negative effects, such as noise pollution,
landscape changes, and the potential for accidents, whereas com-
munities that consume the same electricity are not situated near
the plants, are less likely to experience such impacts (Nuru et al.,
2022). Such unfair distribution of benefits and impacts leads peo-
ple to neither support nor invest in the renewable energy sector
(Bal et al., 2023). We argue for additional benefits to be provided to
those residents directly affected due to their proximity to a
renewable energy plant and distribution infrastructure, particularly
in the case of wind and solar farms (Qadir et al., 2021).

Considering the arguments raised here, we proposed that:
Emerging markets government and other actors are faced with

social dilemmas in an attempt to balance climate change demands
for transitioning to cleaner sources of energy, yet such transition
comes at a huge sacrifice and a risk of violating indigenous human
rights. Dealing with these dilemmas calls for collaborative social
innovation.
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5. Strategies for driving just energy transitions in emerging
markets

What is undeniable is the fact that climate change affects every
aspect of life on earth, including wildfires, flooding, heat waves and
droughts, increasingly threatening human wellbeing and environ-
mental health. As such the energy transition is probably the only
way to serve the planet. However, this salvation is squarely hinged
onmetals andminerals which is the reasonwhy acceleratedmining
is justified but should never be at the expense of society and the
environment. This paper suggests some strategies drawn from
literature.

5.1. Government commitment and institutional dynamism

Governance is an important predictor of natural resources price
volatility (Liu et al., 2022). In a highly uncertain financial and po-
litical environment, companies, governments, and societies
confront major policy and business choices regarding whether,
where, and how much to invest in coal, natural gas, renewable
energy, unconventional oil, and carbon sequestration projects
respectively (Miller et al., 2013), which has a bearing on price
volatility (Liu et al., 2022a,b,c). This is more so important consid-
ering the huge investments required for energy projects generally
and especially renewable energy development (IEA, 2011).
Although technological progress has seen the cost of developing
wind and solar energy declining, there is growing scientific and
political discourses motivatingmajor policy initiatives and financial
investments across the globe designed to foster the adoption of
renewable energy technologies to reduce carbon emissions while
creating green jobs (Ali et al., 2023). This is essentially due to the
potential devastating impacts of climate change that the world is
facing in the 21st century and beyond (IEA, 2023).

The potential and experienced impacts of climate change have
seen tensions emerging around different approaches to building
renewable energy plants and their implications for ecosystems,
worker health, and communities, including utility-scale and com-
munity scale facilities and distributed energy systems. There is lack
of clarity resulting from lack of policy or policy inconsistencies
around transition energy approaches (Ali et al., 2023). Currently, for
example, in South Africa there is ongoing debate whether to rapidly
decommission coal powered stations as the country is grappling
with an energy crisis characterised by socio-economic stressing
loadshedding. This is why we call for both commitment and policy
reforms to deal with the transition decidedly yet from a policy
informed standpoint.

The question is not merely about whether there is policy to
regulate the transition, but the policy must be crafted with the full
participation of all stakeholders (Zahoor et al., 2022). This is
important to avoid conflicts such as those emerging from other
parts of the world. For example, in the USA the advent of new hy-
draulic fracturing or “fracking” technologies have enabled the
extraction of natural gas from shale formations to drive prices to
extraordinarily low levels, leading to gas replacement of coal.
However, these developments gave birth to a new front in social
conflicts over energy around concerns about the short-term health
hazards of chemicals used in the fracking process, which are opa-
que to the public because of industry secrecy, and the still large
ongoing carbon emissions associated with a surge in gas-fired
electricity production, which perpetuates dependence on fossil
fuels (Miller et al., 2013).

Similarly, even in cases where the transition is powered by
exploitation of minerals and metals, lessons from The Lithium
Triangles of Chile, Argentina, and Bolivia, in South America, and
Zimbabwe, Namibia and Democratic Republic of Congo in Southern
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Africa demonstrate that the lithium extraction comes at a cost to
society (Petavratzi et al., 2022; Vera et al., 2023).

The process used to extract and process lithium heavily draws
undergroundwater leading to livelihood costs to local communities
in some of the world's worst water scarce semi-arid regions (Vera
et al., 2023). It is therefore argued that there is need for stake-
holder participation in drafting policies to drive the energy tran-
sition. A recent publication by the World Bank also suggests that
government commitment and policy reform is an important
precondition for successful energy transition. The call for policy
reform is getting louder with the Bowen Basin Mining Club (BBMC)
in Australia criticising The Queensland Strong and Sustainable Re-
sources Communities Act of 2017 for focusing only on benefits for
communities during resources entities operation periods, ignoring
the long-term impacts on resources such as energy, water and food
associated with closure and post mining ecosystems (BBMC, 2023).
Although the world bank highlights these conditions as necessary
globally, we argue that in emerging markets the need is even more
pressing considering the inherent institutional voids that exist
(Rafei et al., 2022).

What is clear from literature is that an energy transition is
clearly underway, but the timing, pathways and forms are
becoming more uncertain. For example, policy frameworks would
need to address questions aroundwhether to incentivise large scale
utility generation of renewable energy or instead prefer community
scale or even rooftop individual generation. Policy direction will
have implications on mopping private investment in the sector
because the appetite for private sector investing in renewable en-
ergy is found to heavily depend on policy frameworks (World Bank,
2023). This view is valid as energy industry practitioners and
governments are grappling with policy frameworks to support
financing energy transitions in several developing countries
(Saadaoui and Chtourou, 2022). For example, mining industry en-
tities in developing countries are deploying solar energy to mini-
mise operation disruptions induced by loadshedding. Blanket Mine
and Zimplats Mines in Zimbabwe are clear examples. However,
they face challenges as there is no clear policy in terms of how they
may distribute excess energy to the national grid nor receive
compensation for the energy they generate should they wish to
share with communities. Rallying all stakeholders to play an active
role in the transition requires government commitment and
advancing policy appropriately.

To this effect, there is need for emerging market governments to
streamline processes to tackle bureaucracy which can be a major
hurdle in the development of the renewable energy market, as
witnessed in several countries where obtaining government
approval for projects is often challenging, and projects are not al-
ways awarded based on merit (Zhao et al., 2016; Ali et al., 2023).
Consequently, to avoid loss of confidence among potential investors
there is need to establish policy with standard tariffs under an in-
dependent regulatory authority to encourage renewable energy
investors to participate in clean energy projects. The authority
could deploy standard testing and certification procedures for small
power producers to promote a credible renewable energy market
(Ji and Zhang, 2019).

Without appropriate policy, energy justice will be difficult to
achieve because of the negative effects of renewable energy gen-
eration, such as huge solar farms allocated to large scale projects at
the expense of local communities grazing land. An example is a
large-scale solar farm in India whose energy in not accessed by
locals because the voltage is too high for them, yet they suffer all
the inconvenience associated with paving way for the new farm
(Bryant et al., 2022). Therefore, a comprehensive policy design
should address broader issues, considering four key parameters: (1)
renewable energy potential assessment, (2) infrastructure



Fig. 5. A phased approach strategy of energy transition.
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development (Ali et al., 2023), (3) successful integration into the
system (Li, 2022), and (4) implications on society and the envi-
ronment (Liu et al., 2022a,b,c).

Together, the reviewed literature suggests that resources pol-
icies play a fundamental role in the protection and development of
the benefits of sustainable resource use, management, and con-
servation (Zahoor et al., 2022). To build a robust policy framework
calls for blending public and private policy processes, history, in-
stitutions, and current events (Bilal et al., 2022; Hassan et al., 2022;
Taghizadeh-Hesary et al., 2022; Zakari et al., 2022a). This focus on
context is important as it helps to pay attention to the various
structural rigidities prevailing in emerging markets. For this reason,
the government of Pakistan was recommended to build biogas fa-
cilities by adopting an economic strategy, owner training to build
capacity for day-to-day operations in addition to providing pro-
fessional technical assistance to enhance uptake of biogas tech-
nology (Ali et al., 2023).

5.2. Phased approach of energy systems transition

Several literature streams demonstrate how a phased approach
could be a useful strategy in managing changes that are either
triggered by systems dynamism in business strategy (Lyneis, 1999),
technological transitions such as cloud migration (Rashmi and
Sahoo, 2012), human factors in dealing with knowledge manage-
ment (Horak, 2001) or other biological shifts such as medical
treatment in patients (Mutebi, et al., 2020). In line with a socio-
technology perspective, the energy system transition for
emerging markets would benefit from phasing the human as well
as the technological aspects of the changes. This is especially true
considering the knowledge gaps that are inherent regarding the
enrolment processes when people are expected to be part of the
network of renewable energy users.

For example, people who are used to national grid supplied
energy will need to adjust to the reality of microgrids and some-
times having to run their own system as is the case with solar and
biogas energy (Ali et al., 2023). Within the ANT phases of trans-
lation, there is need for a phased approach so that projects are
managed appropriately. The first step is to do a feasibility and needs
analysis where a thorough analysis of the situation is warranted.
This involves consideration of existing structural limitations in
technology, infrastructure, renewable energy readiness, and energy
poverty levels in the local area, or the country (Ali et al., 2023).
Before phasing out coal power stations, for example, emerging
nations must do a feasibility study of their energy generation ca-
pacity in line with the transition goals of a country (Husika et al.,
2022). Next, there is need for a social and environmental impact
assessment. One area that has resulted from energy transition is the
increased demand for minerals andmetals which are critical for the
energy transition which has potential for far-reaching impacts on
the environment and communities (Zakari et al., 2022). Scholars
have acknowledged the serious impacts of lithium mining on un-
derground water in semi-arid regions such as Namibia, Zimbabwe,
and the Chile (Vera et al., 2023). Meanwhile, the rolling out of
renewable equipment has impacts on the environment and on
communities and may have cost implications where renewable
energy comes at a higher cost to users (Yang et al., 2023).

The third process is phased implementation, where nations and
users transition to renewable energy gradually by combining
traditional energy sources with renewables until scale is reached
before phasing out the traditional sources (Do and Burke, 2023). As
already highlighted, timing is very important to ensure that gen-
eration expansion is aligned with usage, which calls for gradual
behavioural shifts in energy consumption patterns. The shift entails
not only changing energy types but behaviour, for example,
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regarding how people conserve energy. This calls for increased
knowledge dissemination to educate the population for achieving
critical mass of informed renewable energy users (Ali et al., 2023).
The fourth process is control and monitoring which entails close
follow-up to ensure that the planned processes are executed
accordingly (Do and Burke, 2023). This also allows for fine-tuning of
processes, for example, where it is realised that some estimated
targets may have been unrealistic or in the event of unforeseen
events emerging. A typical example was the Ukraine-Russia crisis
which disrupted global energy supply chains and resulted in
several countries having to revert to previously abandoned coal
energy. Fig. 5 shows the waterfall model of a phased energy
transition.

In line with the phased approach to energy transition, we pro-
pose the following:

In dealing with the lock-in problem associated with countries
that are stuck in fossil energy a gradual phased approach would be
ideal. The gradual energy transition approach acknowledges the
complexities associated with shifting from fossil fuels to renewable
and sustainable energy systems. It recognises the need to address
various challenges, including technological limitations, infrastruc-
ture requirements, and economic considerations. By taking a
gradual approach, countries can better manage the potential dis-
ruptions and uncertainties that may arise during the transition
process.

Moreover, a gradual transition allows for a smoother adjustment
for industries and communities heavily reliant on fossil fuels. It
provides time for necessary adjustments, such as retraining the
workforce, diversifying the energy mix, and implementing sup-
portive policies and incentives. This measured approach aims to
minimise any adverse socioeconomic impacts that may result from
a sudden shift away from fossil fuels. While a gradual energy
transition may provide short-term benefits in terms of energy se-
curity and managing economic concerns, it is essential to consider
the long-term implications. The detrimental effects of climate
change, environmental degradation, and the need to mitigate
greenhouse gas emissions necessitate a more urgent and compre-
hensive transition towards sustainable energy sources.
5.3. Research and technological innovation

An idea commonly used in energy transitions is the concept of
impedance of path dependence which argues that the transition
advances following a path that progressively updates based on past
experiences (Derkenbaeva et al., 2022). However, an alternative
notion of path creation highlights the agency of entrepreneurs who
at least in part define the flow of events (Dawson and Daniel, 2010;
Inigo and Albareda, 2019; Rennings, 2000). Innovation is, therefore,
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an important part of advancing the energy transition where alter-
native technologies are considered tomitigate the negative impacts
of energy transition minerals exploitation and green energy
deployment (Onifade and Alola, 2022). Some examples include
research to advance waterless mining and minerals processing,
minimumwaste generation and mineral valorisation and advanced
circularity (Vera et al., 2023). There is potential to look at alterna-
tive technology such as replacing copper cables with aluminium or
other cheap and easily available materials to mitigate the risk of
theft in developing contexts where electricity cables are at high risk
of theft (Flores et al., 2018). It is expected that innovative technol-
ogies will play a key role in meeting the multifaceted goals of
economic growth, poverty reduction, and tackling climate change
in the context of energy in emerging markets (Liu et al., 2022a,b,c;
Vyas-Doorgapersad, 2022).

Research and innovation are associated with high levels of risk,
cost and uncertainty yet there is merit for governments to fund
them because they enable countries to become self-reliant in
renewable energy production (McDowall, 2018) by for example,
producing their own solar panels and wind turbines, as is the case
with Chinese wind plant manufacturers which have been largely
dependent on the support of government R&D incentives (He,
2016). Fig. 6 shows the domination of China's government in
investing in research and innovation in the renewable energy
sector. Invariably, Africa and the ‘rest of the world’ governments are
not paying much attention on research and development.

Although there is wide acceptance that with advancing tech-
nological innovation comes effective energy transition (for
example, Ali et al., 2023), what literature is not giving due recog-
nition is the central role of indigenous knowledge in the innovation
process (Velasco-Herrej�on et al., 2022; Hampl, 2022; Doyon et al.,
2021). However, as Ottinger (2013) argues renewable energy
could have as dire negative impacts on society as fossil fuels unless
we gave greater credence to the “street science” of local commu-
nities within debates about the health and environmental concerns
of wind power (Nikas et al., 2020). Street science is based on
listening to the voice of communities on matters that affect them
and genuinely dialogue with them for constructive collaborative
decision making (Fjellheim, 2023; Hampl, 2022). For example, the
Fig. 6. Government spending on energy research, development, and deployment since
2014, including Preliminary 2018 Data (IEA, 2023).
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technology around ‘fracking’ for gas and exploitation of lithium
technology could be advanced with the contribution of local
knowledge to better understand livelihoods patterns. The legal
requirement for several countries is for a social and environmental
impact assessment before a project starts, but in practice, the ex-
ercise has become a tick box exercise (Nikas et al., 2020).

In emerging economies, the role of citizens and activists in
recasting the politics of energy has gathered traction as seen by
their role in nuclear power in India (Bhadra, 2013). An example of
how to seek more just outcomes for renewable energy de-
velopments could be seen from the “landscape symposium” model
developed for engaging citizens in the decision-making process for
wind power (Phadke, 2013). We argue, therefore, that learning is an
integral concept that relates to energy transitions (Nikas et al.,
2020). While learning generally implies improvement, based on
novel, or accrued knowledge, it can be operationalised in a variety
of ways, including experience curves and adaptive capacity for
which local communities can play a key role, because the question
of whose knowledge is considered relevant has profound conse-
quences for the shape of energy systems (Miller et al., 2013;
Velasco-Herrej�on et al., 2022; Hampl, 2022; Doyon et al., 2021). Any
technological innovation for energy transition should be assessed
for its implications on people and the broader society because
energy transitions may have impacts that span beyond technology
and physical environments (Zakari et al., 2022).

Meanwhile, a study by Ali et al. (2023) found that the renewable
energy projects’ awareness through social media positively mod-
erates the association between a) biogas plant maintenance bar-
riers, b) financial support for biogas plants, c) economic and policy
barriers, d) owner satisfaction with biogas, and the intention to
adopt biogas technology in Pakistan. Thus, technology play an
important role not only in influencing generation and distribution,
but usage patterns, which are important for reaching scale.
Following the proffered arguments, it is proposed, therefore, that:

The lack of investment in ICT development limits emerging
markets' capacity to capitalize on the benefits offered by renewable
energy technologies. However, ICT development fosters innovation
and creates opportunities for new business models and market
mechanisms in the renewable energy sector. Advanced ICT infra-
structure and digital platforms enable the deployment of innova-
tive financing models, such as peer-to-peer energy trading and
crowd-funded renewable energy projects. These models can un-
lock additional sources of investment and foster greater participa-
tion from local communities, promoting the democratisation of
renewable energy transition.

Addressing this challenge requires a concerted effort to priori-
tise and invest in ICT development in emerging markets. Govern-
ments, private sector entities, and international organisations
should collaborate to create an enabling environment for ICT
infrastructure deployment, including broadband connectivity, data
centres, and digital skills development. Additionally, targeted
financial mechanisms and incentives should be established to
attract investments in ICT projects specifically tailored to support
renewable energy transition in emerging markets. By bridging the
gap in ICT development, emerging markets can unlock the full
potential of renewable energy sources, improve energy efficiency,
and accelerate the transition to a sustainable energy future. The
integration of ICT solutions not only enhances renewable energy
deployment but also drives economic growth, job creation, and
technological innovation in these markets. Therefore, a strategic
focus on ICT development, including cybersecurity is imperative to
overcome the barriers hindering the advancement of renewable
energy transition in emerging markets.
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5.4. Social innovation

Extant literature suggests that the just energy transition will
succeed when viewed as more than just technological innovation
but a combination with social innovation. In the context of energy
transition this paper defines social innovation as innovation that is
social in its means and which contributes to low carbon energy
transition, civic empowerment and social goals pertaining to the
general wellbeing of communities (Hoppe and de Vries, 2018; Coy
et al., 2021). It is characterised by innovative activities and services
that are motivated by the need to meet a social need and are pre-
dominantly developed and diffused through organisations whose
purposes are primarily social.

As noted in this paper, there are several social and behavioural
barriers to energy transition that need to be overcome for a smooth
transition. We identify social acceptance of renewable energy
projects by communities, socio-political stakeholders, and the
market as the leading barriers (Coy et al., 2021). These play an
important role in informing the extent to which attitudes and
values, strategies and policies, organisational structures and pro-
cesses, delivery systems, and services throughout existing energy
systems may hinder or support energy transitions. It is because of
this social dimension that we argue for more than just technolog-
ical innovation but harnessing newways of collaboration, decision-
making, and of mobilizing society (Miller et al., 2013). Since
renewable energy technology is typically disruptive and bottom-up
in nature there is need to address existing institutions, that often
impede the development and diffusion of promising sustainable
energy innovations (Wahlund and Palm, 2022).

However, through social innovation new ideas of meeting so-
ciety goals are championed, for example, leveraging community
energy and renewable energy cooperatives. When communities
come together in energy cooperatives, they utilise new ways of
decision making, in which technological developments go hand in
hand with innovative ways of uniting different interests via coop-
erative decisionmaking (Ang et al., 2015; Dawson and Daniel, 2010;
Hoppe and de Vries, 2019). This addresses the social dilemma
associated with energy transitions where benefits to one group of
stakeholders could be at the expense of other sections' interests or
rights. Some aspects of energy transition typically understudied are
demographic (for gender aspects see Nikas et al., 2020) and
behavioural components of energy use which usually must shift as
part of the transition (Nikas et al., 2020). An example of initiatives
to achieve this is green ‘nudges’, which is characteristically initi-
ating subtle modifications in people's decision context to gently
move them towards sustainable choices without changing mone-
tary incentives or an option set itself (Wittmayer et al., 2022).
Behavioural pattern changes are important considering that, for
example, in Germany's transition, changes in policy could not
deliver the desired carbon reduction targets due to industries such
as manufacturing and transportationwhose energy usage practices
did not change (Schiffer and Trüby, 2018). An idea worth noting is
that social innovation can be individualistic, looking at social
innovation as local solutions to community problems that are not
addressed by extant systems or structural, perceiving it in terms of
institutional structures and context as key drivers of social inno-
vation (Schlindwein and Montalvo, 2023; Nikas et al., 2020). Some
important conditions Include (i) crises and opportunities; (ii) the
agency of civil society; (iii) reconfiguration of social practices, in-
stitutions, and networks; and (iv) new ways of working that
emerge from these reconfigurations.

We build on the work of Hochstetler (2020) who suggest that
social innovationmoves through a ‘4i’ process, which consists of: (i)
conceiving ideas, (ii) making an intervention, (iii) implementation,
and (iv) resultant (social) impact. We add that these processes can
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only succeed with (iv) meaningful stakeholder engagement (Tyler
and Mgoduso, 2022; Buana et al., 2023). These processes lead to
the creation of long-lasting boundary spanning outcomes aimed at
addressing societal needs by fundamentally changing the re-
lationships, positions, and rules between stakeholders, including
end-users, typically by open processes of participation, exchange,
and collaboration (Markon Nora et al., 2023).

Taking an energy transition perspective, we argue that social
innovation encompasses introducing new energy practices, for
example, related to the likes of production, storage, distribution,
and use, new behaviours, and relationships (Chen et al., 2023;
Owen et al., 2022; Sillak and Vasser, 2023; Tyler and Mgoduso,
2022; Velasco-Herrej�on et al., 2022) for supporting and managing
social groups or new solutions that contribute to low carbon energy
transition and at the same time to solving social problems, to attain
social goals, like community empowerment, alleviating (energy)
poverty, and increasing the general wellbeing of the community
including building resilience for ‘climate co-benefits’ (Hoppe and
de Vries, 2019). Meanwhile, the dance between technological
innovation and social innovation is apparent as the advent of smart
energy systems is driving social innovation, for example, new
market models (like peer-to-peer trading of locally generated en-
ergy), new actor configurations, and coordinated citizen action like
community energy is taking shape as the roles of private and
institutional actors are evolving (Sillak and Vasser, 2023; Tyler and
Mgoduso, 2022).

An example of social innovative initiative is the Integrated
Community Energy Systems (ICES) where community energy plays
a key role (Acosta et al., 2018). For emerging economies, ICES could
be an important form of local energy system focusing on the col-
lective use of distributed energy resources (Li et al., 2023). It is
argued that they are socio-technical systems with high potential to
advance local energy systems into socially inclusive, environmen-
tally friendly energy systems that also stimulate local economies
(Acosta et al., 2018). Some scholars have recommended equal dis-
tribution of renewable energy technologies across the urban and
rural areas in African states, leveraging tactics like “green energy
women” to act as local nodes which provide new knowledge and
technology to other community members for wider impact to poor
and remote households, many of which would otherwise lack po-
wer access (Zakari et al., 2022).

Reading from Fig. 7 it can be noted that deployment of low
carbon technologies can contribute to a reduction in required en-
ergy production when combined with behavioural changes than
just a technological approach. This, therefore, shows that social
innovation will play an increasing role in the energy transition
heading to the 2050 Net Zero Energy (NZE) scenario.

5.5. Financial innovation

While the era of fossil fuels is coming to an end due to their
adverse impact on the climate, hope and expectations are rising for
renewables. This underscores the need for increased investment in
energy resources that meet the global demand without harming
the already battered environment (Zakari et al., 2022). The World
Bank (2023), in their ‘Scaling Up to Phase Down’ Roadmap argue
that:

“Without the means to fund an energy transition and network
infrastructure, developing countries often pay more for elec-
tricity; they cannot access energy efficiency or renewable en-
ergy projects, and are locked into fossil fuel projects with high
and volatile costs. In essence, they face a triple penalty for their
energy transition that becomes a poverty trap”.



Fig. 7. The predicted contribution of low carbon technologies, behavioural changes
and combined efforts of behavioural changes and low carbon technologies.

Fig. 8. The declining trend of renewable energy projects since 2008 (Frankfurt School-
UNEP CentreBNEF, 2020).
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Clean forms of energy, such as solar, wind, hydro, hydrogen, and
thermal power are both successful and readily available, yet in-
vestment in them has fluctuated over the past few years (Ainou
et al., 2023; Ajadi et al., 2019; Anantharajah and Setyowati, 2022;
Baker, 2021; Benlemlih et al., 2023).

One of the key reasons for this lacklustre attitude towards in-
vestment is the unwillingness of investors to take investment risk
due to changes in policies and the amount of capital involved,
which makes financing the energy transition arguably one of the
biggest problems of the 21st century (Qadir et al., 2021).

While public financing of research and development (R&D) for
renewable energy is needed to overcome the financing gap and to
develop renewable energy technologies, there is need for increased
private participation (De La Pe~na et al., 2022). For example, there
was a significant difference in technology development when the
R&D funding for renewable energy was reduced in Europe
(Bointner et al., 2016a), yet technology improvement lowers the
cost of renewable energy (Li et al., 2022), which ultimately helps to
increase the level of investment in this sector due to anticipated
higher returns (Olabi and Abdelkareem, 2022; Inigo and Albareda,
2019).

Private financing can play an important role in the energy
transitionwhen there is appropriate supporting policy and can take
any of these innovative forms: (1) feed-in-tariffs (FiTs)- a policy
designed to support the development of renewable energy sources
by providing a guaranteed, above-market price for producers over a
long-term contract (Zhang et al., 2023). Through this policy direc-
tion, the government has room to compensate green energy users
who generate more energy than they consume (Zakari et al., 2022);
(2) government financial incentives-this is a policy direction which
allows the government to give private actors incentives to partici-
pate in the consumption and production of renewable energy
(Zakari et al., 2022; Zhang et al., 2023). Some of the widely rec-
ommended incentives include green energy tax credits, grants, and
green energy loan programs to finance renewable energy tech-
nologies and projects (Isah et al., 2023). For example, a renewable
energy tax credit may be refundable or non-refundable (Curtin
et al., 2017Curtin et al., 2017). If it is refundable, households get
paid say 25% of their purchases of renewable energy equipment like
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solar panels. For non-refundable tax credit, energy generators have
reductions of what they owe in taxes to the tune of their renewable
energy investments (Curtin et al., 2017). In emerging markets there
is need for supporting legislature to ensure the contracts are
enforced and corruption is curbed.

Fig. 8 shows the declining trend of renewable energy invest-
ment from venture capital since 2008. Admittedly, 2008 is
remembered for the global economic crises and the source of
funding never recovered despite a sharp rise between 2004 and
2008. Another interesting observation from the graphs is that
although government funding was higher than corporate funding
of research and development, after 2016 there was a sharp increase
in corporate investment on R&D above government investment.
This suggests that as the energy transition unfolds, the government
takes a more important role than industry, yet as time progresses
corporate investment becomes more important. The main driver of
private participation is a well-developed supportive legal
framework.

We argue for a carrot and stick approach to the energy transition
in emerging markets based on incentives for more investment in
and usage of transition energy (Zhang et al., 2023), and penalties for
continued investment and usage of dirty energy (Haji Esmaeili,
Sobhani, Ebrahimi, Szmerekovsky, Dybing & Keramati, 2023). Fis-
cal and tax incentives in form of waiver of taxes and duties on the
imports of renewable energy equipment to encourage progressive
integration of renewable energy into the system is a key mecha-
nism for promoting expansion (World Bank, 2023). For example,
China implemented this policy with remarkable success to
encourage the import of technologies that had not yet reached
maturity in China (Zhao et al., 2016). Several other initiatives are
proposed in literature, such as taxing fossil fuel generation, which
increases the per-unit cost of unclean electricity generation and
influencing the competition between the two power production
technologies (Lipp, 2007). Another fiscal incentive is to provide
loans at a minimal rate, specifically to construct renewable energy
plants for residential use (Zhi et al., 2014).

However, in several emerging markets, this must be done
gradually with intentionality to avoid exacerbating the energy
poverty (World Bank, 2023). Similarly, some scholars have pro-
posed the use of generated green energy to be used as digital cur-
rency, combining the idea of Fits, net metering (NM), and other
market centred mechanisms to build resilient renewable energy
systems by rewarding ‘prosumers’ (both producers and consumers)
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(Mihaylov et al., 2019).
Institutional investors have been slow in joining the investment

call due to the risks, lower returns and too long payback periods
associated with renewable energy projects (World Bank, 2023). The
need for huge investment is still something not to be wished away,
giving rise to the need for new policies that favour collaboration
(Bal et al., 2023; Sun et al., 2023). This is important considering that,
for example, energy storage technologies require investment and
cooperation among different stakeholders, such as the investor,
consumer, and utility company (IEA, 2023). It is difficult to estimate
the share of each stakeholder, which makes regulatory changes
necessary to define how each stakeholder is charged/compensated
(Bal et al., 2023). There is a close relationship between policy and
private investment which suggests the need for policy design as a
precondition for private funding (World Bank, 2023; Sun et al.,
2023). Some scholars highlight the benefits of community renew-
able energy storage and suggest that the direct involvement of
citizens through community storage increases the pace of the
renewable transition and encourages individuals to invest in clean
energy technologies (e.g., Parra et al., 2017).

Fig. 9 shows the step-by-step model of financial innovation in
emerging markets energy transitions.

As depicted in Fig. 9, the main actors need to define the financial
needs tomeet the desired energy transition pace, which is followed
by profiling the different financial sources of funds (Sun et al.,
2023). There are typically three sources namely primary sources,
which is funding such as that by the main actor like the govern-
ment, secondary funding is the funding that is sourced from im-
mediate actors that include the private sector, for example venture
capital, withing a country or incentivising private users to invest in
renewable energy (Zakari et al., 2022), and tertiary sources such as
the global energy transition funders (Qaiser, 2022), including the
World Bank or European Union countries which partly funded
South Africa and other African countries’ transition (Tyler and
Mgoduso, 2022). To secure the funds, some creative mechanisms
include withdrawing fossil energy subsidies and investing the
funds in renewable energy projects (Sendstad et al., 2022). Once the
funding has been secured, therewill be need to service the financial
obligations and for that reason, nations need to be careful when
receiving secondary and tertiary funding as the interest rates could
be expensive which could lead to debt crisis (Tyler and Mgoduso,
2022). The diagram shows feedback loop where results of control
and monitoring inform the adjustments of different stages of the
model. Having outlined the different challenges and proposed
strategies for dealing with them, the paper turns to building a
framework of energy transition in emerging markets. Based on the
arguments raised in this section, it is proposed that:

The impact of funding on energy transition outcomes in lower
income African nations is tempered by the prevailing
Fig. 9. The financial innovation model for energy transitions.
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underdeveloped policy frameworks. Inadequate policy frameworks
fail to provide clear guidelines, incentives, and regulations that
encourage a shift towards renewable energy sources. As a result,
despite the availability of funding, the investment landscape re-
mains tilted towards continued investment in fossil fuels, perpet-
uating the existing energy infrastructure and hindering progress
towards a sustainable energy future. Addressing this challenge re-
quires a comprehensive approach that combines targeted funding
mechanismswith the development of robust policy frameworks. By
aligning financial resources with supportive policies, these nations
can effectively navigate the complexities of energy transition. This
approach will not only enable the accelerated adoption of renew-
able energy technologies but also foster the creation of a sustain-
able and resilient energy system, capable of meeting the needs of
their populations while mitigating the adverse impacts of climate
change.

5.6. Towards a dynamic framework of just energy transition in
emerging markets

Building on the findings of our literature review, we integrate
literature to build a framework of just energy transition in
emerging markets which are characterised by several challenges.
Fig. 10 is a theorisation of the arguments delivered in the review.
We draw from ANT (Latour, 1999a) to propose that the energy
transition succeeds when the starting point is the problematisation
process involving principal actors leading the processes by identi-
fying the common problem facing the actors (Aka, 2019; Akrich,
2023; Pak et al., 2023; Hess and Sovacool, 2020; Justesen and
Mouritsen, 2011).

In the context of energy transition this could be the government
and other actors, such as the mining industry leading the identifi-
cation, and communication of the debilitating effects of global
warming, and biodiversity loss to other actors (Heeks and
Stanforth, 2015; Zakari et al., 2022). There is, therefore, need to
proffer energy transition as the Obligatory Passage Point to saving
the planet (Aka, 2019). As demonstrated in the literature, this stage
calls for government commitment to a collaborative energy transition
(Miller et al., 2013; Tyler and Mgoduso, 2022; Power et al., 2016).
When the government is committed, energy transition succeeds
because the government is the traditional custodian of the envi-
ronment and expectation is for it to lead the transition (World
Bank, 2023). In collaboration with other principal actors, the gov-
ernment could champion social innovation so that the transition is
beyond technological change but encompasses change in behav-
iour, attitudes and habits around energy generation, usage, and
systems (Hoppe and de Vries, 2018). At this point, it is important to
overcome social dilemmas, which may otherwise prevent trans-
lation to the next phase of the transition (Owen et al., 2022). This
underscores the need for energy transition which takes care of the
societal needs and environmental sustainability (Zakari et al.,
2022).

The next phase of translation is interessement which involves
principal actors locking the others into place by interposing
themselves, weakening the links of other actors to alternative in-
terpretations and strengthening their focus on the problematized
OPP (energy transition) (Callon, 1986; Aka, 2019; Akrich, 2023; Pak
et al., 2023; Hess and Sovacool, 2020; Justesen and Mouritsen,
2011). At this point, transition to green energy is communicated
as the only way out and fossil fuels are portrayed as destructive to
the environment (Heeks and Stanforth, 2015; Zakari et al., 2022).
Government commitment demonstrated in the problematisation
phase drives government funded investment to lead the transition
(IEA, 2023; Wang et al., 2022). The investment would cover
research and development, technological innovations, expansion of
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N.S. Chipangamate and G.T. Nwaila Energy Geoscience 5 (2024) 100257
ICT supported by strong cybersecurity governance and policy
development (Arranz and Arroyabe, 2023).

By so doing the energy transition network starts taking shape as
more actors start to seemerit in enrolling into the network, which is
the third phase of the energy transition (Latour, 1999a). This is the
phase when the principal actors put interessement into practice by
actions that define the roles that are to be played in enacting the
OPP (energy transition) and the way in which the others will relate
to one another within the network (Callon,1986; Aka, 2019; Akrich,
2023; Pak et al., 2023; Hess and Sovacool, 2020; Justesen and
Mouritsen, 2011). For example, the roles of private industry
players, communities, mining companies, and public players, such
as the national utility actors are given specific roles to play, be it in
terms of production, distribution, or responsible usage (LaMonaca
and Ryan, 2022). Leveraging R&D, and policy design, which was
done in the previous phase, there is enrolment of actors, including
those playing a significant funding role (IEA, 2023; LaMonaca and
Ryan, 2022). Therefore, private actors, sometimes as private pub-
lic partnerships become the leading source of funds for the energy
transition as they may eclipse government funding at this phase
(IEA, 2023; Aleluia et al., 2022). It is important to point out that
policies and all commitments must be for a just energy transition,
guided by social innovation (Miller et al., 2013). Social innovation
entails crafting alternative jobs and skills for employees working in
transitioning environments in addition to building resilient com-
munities (Ningrum et al., 2022; Muttitt et al., 2023; Nikas et al.,
2020; Nuru et al., 2022). This also entails finding innovative land
uses and a changing economic and social systems in former fossil
fuel mining environments, while the extraction of energy transition
minerals is done responsibly in emerging mining zones (Owen
et al., 2022; Ningrum et al., 2022; Muttitt et al., 2023; Nikas et al.,
2020). Lock-in problems are overcome by collaborative efforts of
enrolled actors as they gradually take a phased approach to energy
transition (Lyneis, 1999; Rashmi and Sahoo, 2012; Horak, 2001;
Mutebi et al., 2020; Ali et al., 2023; Yang et al., 2023).

The phase of mobilisation is when other external actors join the
network attracted by the momentum generated from past phases
of the transition journey (Heeks and Stanforth, 2015). It is impor-
tant for the principal actors to borrow the force of their passive
agent allies and turn themselves into their representatives or
spokespeople (Heeks and Stanforth, 2015; Aka, 2019; Akrich, 2023;
Pak et al., 2023; Hess and Sovacool, 2020; Justesen and Mouritsen,
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2011). This is when, for example, mining industry players take the
initiative to drive energy transition in the communities, supporting
government or local authorities’ efforts (Blinova et al., 2022). The
roles of government, local authorities and large-scale private
companies are integrated in emerging markets when it comes to
sustainable development. The mining industry in South Africa is
already driving energy transition by investing significantly in
alternative energy sources, for example Sibanye-Stillwater, Rio
Tinto Richards Bay and South 32 are some of the leaders in
leveraging the opportunity presented by the OPP of energy tran-
sition in support of government efforts (e.g., MiningWeekly, 2023).
A key feature of this phase is the gradual, phased addition of
external funders and revisiting of funding policy of fossil fuels
(World Bank, 2023). It would be useful for the transition process to
be gradual to balance energy poverty and the commitment of actors
to a just energy transition (Rashmi and Sahoo, 2012; Horak, 2001;
Mutebi et al., 2020; Ali et al., 2023; Yang et al., 2023).

Fig. 10 gives a detailed just energy transition framework for
dynamic emerging market. Although processes are presented in
different segments to show the processes, it is important to note
that the processes are dynamic and once initiated, they perpetuate
to the subsequent phases. For example, social innovation is
required from start and all the way, and government funding does
not end at the beginning of the transition but rather continues as
other funding sources add to the already existing sources.

As the network mobilises, the process results in stability where
human and non-human actors find themselves comfortable with
each other (Heeks and Stanforth, 2015). The network then shifts to
the next level which we proposed in this paper based on a wide
review of institutional literature (Arranz and Arroyabe, 2023)
suggesting that for energy transition to be scaled, there is need to
achieve taken-for-granted status, a process we labelled institu-
tionalisation as the fifth phase of the just energy transition process
in emerging markets. Literature has highlighted the importance of
institutional change in energy transitions (Milchram et al., 2019).
Institutionalisation is important for emerging markets because
renewable energy and the technology involved in supporting
Operational Technology and Information Technology are not yet
institutionalised as people still lack affordable basic electricity ac-
cess (IEA, 2023; Markard, 2018). The process involves leveraging
joint regulatory and social learning to scale behavioural change and
new technological innovation (Milchram et al., 2019; Vazquez and
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Hallack, 2018). Learning is important to keep the momentum going
in the face of lacking basic digital and other skills in some com-
munities. Thus, there need for training to skill and to upskill com-
munities and employees who work in phasing out fossils is
emphasised in literature (Banerjee and Schuitema, 2022; Bray et al.,
2022).

6. Conclusions and direction for future research

The world is grappling with the adverse effects of climate
change such as heat waves, veld fires, incessant droughts, floods,
and the rising sea level. These challenges have had a significant toll
on society and the environment, which has prompted the global
community to call for urgent action to reverse the debilitating
scourge. What is clear, though, is the huge surge in demand for
renewable energy minerals and metals. The rising demand has a
potentially serious impact on society because this review suggests
that the transition seems to be more than just a technology shift as
it involves changes in the ways in which people and the energy
technology integrate to avoid the impeding global climate catas-
trophe. As such the transition will leave a trail of increased
inequality, unfair distribution of the benefits and impacts of the
transition for source communities and user communities.

The review identifies five challenges that emerging markets
need to deal with and include the lock-in problem, energy security,
structural rigidities, technology stunting and social dilemmas. For
the transition to be just and avoid burdening the already battered
communities, this paper proposed five strategies, namely, phased
and gradual transition, government commitment and institutional
dynamism as a precondition to create a conducive investment
environment for private sector participation, research and tech-
nological innovation to create intentionality driven self-sufficiency
and home grown solutions, social innovation to enable a transition
that builds the resilience and support of local communities through
meaningful stakeholder engagement, and financial innovation to
ensure financial investment that leverages private and public
sources, including local communities through community
cooperatives.

In doing that the paper hasmade significant contributions to the
energy body of knowledge by proposing a theoretical framework
for just energy transition in emerging markets. The framework
extends the actor network theory by suggesting a fifth phase
labelled institutionalisation to highlight the importance of in-
stitutions in these contexts. Drawing from this paper, we propose
some future research directions.

Future research could test the proposed framework against
emerging market countries undergoing transition. This is an
important research direction as there is currently scarce research
on the direction, pace, and impacts of energy transitions in
emerging economies. Another stream of research could be to look
at strategies for building resilient societies in the face of the energy
transition. This review has exposed some important insights by
finding that the energy transition is not merely a technology shift
but has socio-economic impacts which require the deployment of
socio-technology systems thinking to tackle. We also suggest that
alternative theories be tested to give a fuller understanding of the
transition processes and outcomes. Some of the promising theories
could be the legitimacy theory to interrogate the legitimacy of the
just energy transition because it has emerged as a controversial
concept, considering that it is not a piece of legislature nor a
theoretical perspective, rendering it fluid. This study deliberately
reviewed the energy dilemma of energy security and equity on one
hand and the social dilemma of social impacts and environmental
crises. Future studies could look at the combined role of these
challenges, as a quadrilemma, on energy transitions.
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