Energy Research & Social Science 121 (2025) 103938

FI. SEVIER

Energy Research & Social Science

Contents lists available at ScienceDirect ENERGY

journal homepage: www.elsevier.com/locate/erss

Original research article

Check for

Connecting power to people: Integrating community renewable energy and &=
multi-level governance towards low-carbon energy transition in Nigeria

Kim Kaze ', Nazmiye Balta-Ozkan, Elisabeth Shrimpton

School of Water, Energy and Environment, Cranfield University, Bedford, UK

ARTICLE INFO

Keywords:

Community renewable energy
Energy policy

Energy transitions

Multi-level governance
Sub-Saharan Africa
Sustainable development

ABSTRACT

Despite extensive investments and deregulation efforts, the issue of carbon lock-in persists in the Nigerian
context and across much of sub-Saharan Africa (SSA). Recognising the value of citizen involvement in shaping
energy transformation, this research advocates for the adoption of community renewable energy (CRE) in
Nigeria. Drawing inspiration from paradigmatic CRE models in Germany and Denmark, the study explores the
evolving landscape of low-carbon energy transitions in developing economies through the Nigerian case.
Currently, Nigeria’s low-carbon transition remains constrained by inadequate policies and top-down energy
strategies, motivating the need for a more inclusive and decentralised approach. To address these challenges, this
paper proposes a policy framework grounded in multi-level governance (MLG) theory. The conceptual frame-
work delineates the roles and responsibilities of federal, state, and local governments, highlighting the scope for
introducing renewable energy desk officers at the local level. Crucially, this research contributes to the limited
body of CRE literature within Nigeria and similar sub-Saharan African contexts. The output provides concrete
recommendations for renewable energy policy development in SSA nations with diverse political landscapes, in
addition to supporting the future research agenda on CRE. Accordingly, the proposition of community renewable
multi-level governance (CRE-MLG) reflects the rationale that citizen-centric energy practices can strengthen
sustainability pathways in challenging contexts such as Nigeria. In contributing towards the burgeoning litera-
ture on energy transitions, this study advocates for an integrated governance approach and the bottom-up
adoption of CRE practices to help drive sustainable development.’

1. Introduction

requirement of at least 33,000 MW [10]. In view of this deficit and
historical failures [11], off-grid RE led by individuals and private en-

As Nigeria’s energy demand continues to grow, integrating national
renewable energy (RE) objectives with local energy planning presents an
increasingly critical opportunity for overcoming fossil fuel lock-in [1,2].
Diversifying the electricity mix and improving energy efficiency, while
accounting to citizens’ opinions and preferences is crucial for supporting
sustainable development in Nigeria [1,2]. Despite decades of significant
investment and financial support, including a €165 million grant from
the European Union (EU) for RE projects [3] and over $1 billion in
funding from other sources [4,5], Nigeria’s peak energy capacity
remained limited to around 5000 MW in 2021 [6-8]. Faced with this
shortfall, there is a growing imperative to seek alternative and innova-
tive solutions [9], which can help bridge the gap for meeting a power
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tities holds significant potential for accelerating electrification in
Nigeria.

In the context of sub-Saharan Africa (SSA), one factor contributing to
the lack of recognition of individuals in as financial players is poverty
and low savings rates [9]. Nevertheless, Dalberg [12], a nonprofit
research organization, argues that energy insecurity in Nigeria led citi-
zens to spend ~$12 billion annually on hydrocarbon-powered portable
generators, as further corroborated by Bloomberg [13]. Besides harming
public health, reliance on these generators exacerbates global green-
house gas (GHG) emissions. Nigeria has at least 22 million and up to 60
million such generators [14], which is eight times the capacity of the
national grid. Given the substantial level of spending on generators and
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inadequate supply of power [15], market dynamics in Nigeria may
enable a tangible shift to a cleaner energy system through low-carbon
substitutions [16].

Despite significant investments and efforts to deregulate Nigeria’s
energy sector, the country remains trapped in a state of carbon lock-in.
To address this challenge, the adoption of community renewable energy
(CRE) offers an alternative strategy to strengthen decarbonisation
prospects. Notably, a recent study by Delina [17] confirms the
increasing importance of citizen engagement in energy transformation,
emphasizing citizens as the sine qua non of ensuring energy availability.
At its core, CRE is a decentralised, non-governmental approach
involving the voluntary commitments of communities, citizens, and
residents to promote the generation and utilization of renewable energy
sources (RESs) and technologies [18].

As reviewed in Section 4, Germany and Denmark provide exemplars
of countries where CRE is thriving, and insights can be drawn. In 2012,
~47-50 % of decentralised RE capacity installed in Germany belonged to
citizens and communities [19]. Similarly, the Danish energy transition is
a widely studied example of a successful shift from fossil fuels to RE with
strong community participation, serving as a paradigmatic model for
bourgeoning CRE initiatives globally [20]. Both Germany and Denmark
attribute the growth of CRE to successful policies implemented since the
1990s, aimed at promoting and engaging citizens in decision-making
and RE system management [21].

Although the financial stability of citizens typically reflects a critical
success factor of CRE, Menyeh [9] argues that current spending on
hydrocarbon-powered generators could provide sufficient capacity for
replicating the success of European countries in SSA. Despite the
apparent potential for consumers to adopt low-carbon technologies,
inadequate policies impede the feasibility of this pathway in Nigeria
[22]. To date, energy policies and implementation strategies have
adopted a top-down, heavily centralised approach, which has resulted in
structural gaps in the roles of mid-level governments and local govern-
ments actors.

In response, this study aims to develop a policy framework for sup-
porting the adoption of CRE in Nigeria through a multi-level governance
(MLG) approach. To support this aim, the initial research objective in-
volves identifying critical patterns and gaps in the literature by
analyzing how CRE scholars have engaged with social, economic, and
environmental components underlying the sustainability triangle. The
second research objective focuses on drawing insights from CRE-related
developments in Germany and Denmark to better understand opportu-
nities for replicating success in Nigeria. Recognizing the context-specific
nature of CRE and need for adaptive mechanisms, the final research
objective centres on explicating the value proposition of community
renewable energy multi-level governance (CRE-MLG) by identifying and
delineating the potential roles and responsibilities of state and non-state
actors in Nigeria. Leveraging insights from the Nigerian case, the pro-
posed framework supports the wider goal of sustainable development by
promoting active citizen participation and community empowerment
towards realizing a low-carbon energy future.

Following this introduction, Section 2 provides an overview of multi-
level governance to contextualize the tenets of this analysis. Next, Sec-
tion 3 reports the research methodology, which is followed by a review
of CRE-related literature in Section 4. Section 5 introduces the Nigerian
case study, while Section 6 expands the theoretical lens by dis-
tinguishing between two types of MLG. Section 7 visualizes the proposed
framework and discusses the value proposition of CRE-MLG. Finally,
Section 8 concludes by outlining implications for policy makers and
future research opportunities.

2. Multi-level governance
Governance encompasses the multifaceted processes of formulating,

implementing, and legitimizing public policies [23]. It involves coop-
eration between public and private institutions to guide and manage
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society, organizations, and networks [24]. Initially, “governance” typi-
cally denoted the complicated and uncertain conditions that constitute
governing [25]. Governance entails achieving consensus, obtaining
permission, or ensuring compliance to implement policies, projects, or
strategies in arenas with diverse interests, distinguishing it from a top-
down, government approach [24,26]. In this context, low-carbon
governance involves a multi-level process involving state actors, non-
state actors from various industries, and local community stakeholders.

2.1. Theoretical background to multi-level governance

Multi-level governance (MLG), introduced by Gary Marks in 1993
[27], seeks to decentralize and liberalize governance and authority.
Marks [28] initially defined MLG as an ongoing negotiation system
among governments at various geographical levels, including suprana-
tional, national, regional, and local tiers, shaped by institutional de-
velopments and decision-making reallocation. In recent years, MLG has
gained importance in reshaping energy governance [24,29,30]. To
achieve RE targets effectively, climate and energy governance should
engage all governance levels, from national to municipal [29].

Given the pivotal role of finance in driving CRE implementation,
collaboration between private and public sector actors is crucial. While
citizens can pool resources for CRE efforts, deliberate state-led strategies
for incentivising CRE could significantly accelerate RE penetration rates
in SSA. Thus, MLG involves interconnected governance processes with
state (public) and non-state (private) actors, adapting to context-specific
modes of engagement and collaboration [31]. Another governance
perspective emphasizes coordination and alignment towards a shared
purpose and meaning, involving public and private actors and resources
[32]. This view suggests that communities, central to CRE initiatives,
form integral components of the governance structure beyond the
formal institutional levels [28].

Initially, scholars applied MLG to European and global politics to
describe federalist organizations with power dispersed among levels and
institutions [33]. These systems coordinate policies across various
government levels through consensus-building, compromise, competi-
tive pressure, or hierarchical control [34,35]. However, as the global
economy continues to evolve, mechanisms for developing, implement-
ing, and monitoring public policies have become more complex, leading
to different definitions of MLG [36].

According to Stilwell and Troy [37], MLG refers to challenges that
arise when coordinating policies and plans across multiple levels of
government and with other sectoral policies. Following Ringel (2017),
challenges may include issues of authority, resources, and institutional
constraints where tiers of government (top or bottom) must interact
with various (state/non-state) actors to address public policy concerns.
Previously, researchers described the European view of MLG as systems
of continuous negotiation among nested governments at multiple terri-
torial tiers [39,40]. Nonetheless, studies have also failed to fully
consider that authorities are horizontally distributed across sectors and
spheres of influence [37-39] [40], including non-state actors which
form the core of the governance concept [41].

2.2. Alternative perspectives on multi-level governance

The concept of MLG serves as a mechanism to coordinate govern-
ment efforts for more efficient policy implementation [42]. However, an
alternative perspective on MLG [23] proposes viewing it as a policy-
dimensional framework, which is adaptable to local contexts and
beneficial to countries. This perspective focuses on hierarchical levels of
governance and explores attributes beyond geographical and bureau-
cratic boundaries, offering valuable insights for the formulation and
implementation of Nigeria’s CRE policies. Within the context of a
diverse nation like Nigeria, characterized by its demographic hetero-
geneity, MLG emerges as a potent instrument for facilitating participa-
tory decision-making processes in low-energy transition plans
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[21,23,40]. Such plans necessitate active engagement from both state
and non-state actors, as well as residents, who articulate their interests,
exercise their legal rights, and collectively address differences through
collaborative methods [43].

MLG empowers regional and local governments with the autonomy
to mobilise resources independently of central government intervention
[32]. However, it is important to highlight that MLG serves as a
framework for researching political processes across multiple levels of
government and scales within countries, rather than being a specific
method [32,44]. Understanding the increasing engagement of non-state
actors in governance processes [24] is crucial for grasping how MLG
emphasizes “negotiated” and “non-hierarchical” linkages and interde-
pendence among institutions and actors across various geographical
borders [45]. It follows that MLG is highly relevant to empirically
comprehending the modern state and the evolving dynamics of gover-
nance [42].

3. Research methodology

In line with recent contributions to the energy transitions literature,
this employs a narrative literature review [46-49], and undertakes
country case studies to develop a conceptual framework for imple-
menting CRE in Nigeria. Prior to reviewing CRE-based studies, mapping
the Nigerian context, and elucidating insights on MLG [27], Section 2
frames the conceptual contribution by summarising the theoretical
foundations of MLG and key developments associated with this line of
thinking [23,36,37], as depicted in Fig. 1.

Following an initial scoping of the literature, which revealed a
modest number of case studies on CRE, and in line with the aim to
develop a conceptual framework, this study leverages insights from a
multi-stage narrative literature review (see Section 4). Whereas a sys-
tematic literature review (SLR) [50] [51-55] is a rigorous and replicable
research method for synthesizing insights from a large evidence base (e.
g. following the guidelines of PRISMA?), a narrative approach is better
aligned to supporting exploratory research and qualitative insights [56],
and for purposes of developing a future research agenda [57].

While a narrative approach involves synthesizing evidence familiar
to an author on a corresponding research area [56], this study in-
corporates a structured approach by implementing specific search
criteria to support its objectives. However, as opposed to following an
iterative process by adjusting search strings or rigorously cross-checking
results from several databases [56], this study relied exclusively on
strategic filtering methods vis-a-vis subject matter, citation ranking, and
journal impact factor, alongside collective evaluation between the
research team to identify pertinent results.

The initial search commenced in September 2022 as part of a wider
research project which involved field work in Nigeria. Following parallel
analyses of qualitative and quantitative data retrieved via interviews
with CRE stakeholders and surveys with local communities, the litera-
ture search concluded in September 2023, thereby facilitating an iter-
ative research process and enabling triangulation of results within the
wider project.

The first step involved retrieving academic studies® by searching for
‘community renewable energy’ in Scopus and Google Scholar, which
was supplemented via subsequent rounds of snowballing [58,59].
Saturation was reached once clear patterns between research engage-
ment levels with the sustainability triangle (i.e. social, economic, and
environmental pillars) could be observed and a range of research per-
spectives had been captured, which yielded a small to moderate sample
(N = 35). This starting point helped demarcate various aspects of CRE
such as terminologies and definitions, organizational structures,
competing ideas, nuances and research perspectives.

2 Preferred Reporting Items for Systematic reviews and Meta-Analyses [192]

3 Grey literature sources were excluded from the narrative literature review.
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The subsequent procedure focuses on a more targeted search with
the following keywords support the first research objective: ‘community
renewable energy’ AND ‘Germany’ OR ‘German’; and ‘community
renewable energy’ AND ‘Denmark’ OR ‘Danish’. Both Germany and
Denmark have played a pioneering role in advancing CRE, and each
context has been well researched. This research stage served as an
opportuning to extract critical lessons regarding the potential drivers
and barriers shaping prospects for CRE in Nigeria. Saturation was
reached once 15 academic papers had been retrieved on each country
context, since this volume of literature proved adequate for representing
the most active research groups or highly cited studies. The quality of
the small sample was further validated by carrying out a supplementary
check via snowballing, which demonstrated high levels of inter-
connectivity between the retrieved evidence base.

Following critical engagement with the European perspective, Sec-
tion 5 unpacks the context-specific nuances underlying the Nigerian
case, recognizing the imperative to consider the distinct characteristics,
expectations, and specific needs of citizens and local communities in the
design and implementation of CRE initiatives [60,61]. In shifting
attention to the Nigerian energy landscape, this stage drew on a com-
bination of peer-reviewed articles and materials from the grey literature
to understand policy developments and barriers to implementing CRE.
The final research stage involved expounding on the two types of multi-
level governance (MLG) and citing examples from the German and
Danish context to consolidate the conceptual framework, as reflected via
the integrated research procedure illustrated Fig. 1.

4. Literature review on community renewable energy

A ‘community’ can take various definitions, such as a group of people
living in a particular location during a specific period [62], or a social
grouping of any size of individuals who reside near one another
geographically, such as a neighborhood, municipality, district, or urban
area, where members can interact face-to-face [63]. Notably, Walker
[64] constructed a 6-point vocabulary for the concept of community:
actor, scale, place, network, process, and identity. Accordingly, the term
community encompasses a broader conceptualization than simply a
physical location, relating to shared politics, culture, interests, and so-
cial connections [65].

Scholars also differentiate between “communities of interest” and
“communities of locality” when discussing community in energy sys-
tems. “Community of interest” refers to a group of individuals who share
a common objective but are not necessarily situated in the same
geographic area while “communities of localities” pertain groups of
people who share a common geographic location [66,67]. Furthermore,
Walker & Devine-wright [66] offer a community model that includes the
two essential elements of CRE, outcome and process dimensions. The
former reaps the social and monetary rewards i.e., who is the project for.
While the process dimension includes questions such as who creates the
project and actively involved participants i.e., who manages the project
[18,67].

However, there is a lack of consensus regarding the definition of
CRE, which often hinders the development of an effective policy design
and obscures the differences between different forms of citizen owner-
ship [28,29,31-33]. Depending on the researcher or environment, CRE,
is usually contextual in nature with blurred boundaries depending on
the country [68]. Given its many variations and terminological ambi-
guity, clearly demarcating the characteristics of CRE remains a research
task.

This review of the literature juxtaposes the following collection of
associated synonyms under the umbrella term CRE: sustainable energy
communities (SEC), renewable energy communities (REC), community-
based energies (CBE), citizens’ ownership, citizens’ energy, low-carbon
communities, and sustainable communities, energy communities, com-
munity renewable initiatives, community energy projects, community
renewable energy projects (CREPs), renewable energy community
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Stage 1

Review of multi-level governance:
Critical foundations and evolution in
research perspectives

v

Stage 2

Narrative literature review of

Stage 3

Narrative literature review
and case studies:

community renewable energy:
Interactions with the sustainability
triangle and research patterns

Y

Drivers and barriers underlying
community renewable energy in
Germany and Denmark

-

'

Stage 4

Energy policy developments and
conditions for developing
community renewable energy:
The Nigerian case

l

Stage 5

Discussion of two types of
multi-level governance:
Examples from the German and
Danish experience

Community renewable energy
Multi-level governance
(CRE-MLG) Framework

Fig. 1. Research procedure integrating narrative literature review and case studies.

(REQ), energy cooperatives, local energy community and community
energy [19,69-75]. Due to the lack of unanimity over CRE’s definition,
local context-specific approaches illustrate a range of CRE-related di-
rections that may emerge [76]. For example, multiple studies under-
taken in the UK [65,66,77] have documented business and legal models,
motivations, objectives, actors and social connections in the field of
CRE.

Existing definitions have a common feature, whereby CRE aims to
redistribute benefits and decision-making authority to local commu-
nities through the collective administration of individuals to enhance
their sense of ownership, involvement, and energy security. Three

common threads that highlight the emerging interconnectedness of so-
cial, economic, and environmental variables within the realm of CRE.
Specifically, the social dimension, which encompasses community
participation and engagement, is a key and consistent aspect of all CRE
definitions (see Table 1), whereas the environmental dimension stresses
the mitigation of environmental impact, energy-efficient behaviors, and
a reduction of carbon emissions. Additionally, the economic dimension
of CRE focuses on the creation of financial gains, job opportunities, and
the enhancement of community value.

According to Purvis et al. [78], these three characteristics form the
cornerstone of sustainability. Most CRE scholars highlight at least two
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Table 1
Scholarly engagement with CRE within the sustainability triangle.

Source(s) Social Environmental Economic

Sovacool [80] X
Walker et al. [64,66]
Martiskainen [81]
Rogers et al. [82]

Seyfan et al. [77]
Kalkbrenner et al. [72]
Hicks et al. [83]

Schoor et al. [84]
Greenius et al. [63]

Mey [85]

Romero-Rubio et al. [75]
Middlemiss et al. [73]
Oteman et al. [18]
Oteman et al. [21]
Chaichana et al. [86]
Siisser et al. [87]

Sciullo et al. [88,89]
Ebers Broughel et al. [89]
Marquardt [90]

Curran [91]

Dobravec et al. [29]
Delina [17]

Magnoni et al. [92]
Toke [93]

Yildiz [19]

Luangchosiri [94]
Menyeh [9]

Fernandez [95]

Becker et al. [96]
Lakshmi et al. [62]
Musall et al. [74]

Ringel [38]

Ohlhorst [97]

Salm et al. [98]

Mean frequency (%) 100 52.9 70.5

| | > [ T o T o T T R - o LT - T
LT T o T - S R B A o T o TR B B B I

LRI ST I S i I I T T P S I T T B S i S e
)

P

X denotes inclusion of CRE pillar.
— denotes exclusion of CRE pillar.

variables in the sustainability triangle as pillars in defining CRE [79], as
illustrated in Table 1. As an emerging sustainable model, CRE is an
opportunity for citizens of SSA to join other members of the global
community in confronting the environmental and social consequences of
climate change, while also combating energy poverty and creating
economic opportunities.

Most of the literature and case studies on CRE apply a European lens
[77,81,87,99-103], failing to consider the unique cultural and local
factors that shape the development and execution of energy initiatives in
non-Western countries. Consequently, studies with a citizen-centric
focus [72,95,101,104] have failed to capture non-European perspec-
tives of participatory processes in the energy transition. Additionally,
researchers who have explored energy cooperatives [105,106] are yet to
engage with case studies in the developing world. Arguably, Cloke
etal.’s [107] paper provides the closest assessment of CRE in the context
of developing economies in general, nonetheless, SSA was not the pri-
mary focus of their research. Although Lakshmi & Tilley [62] and
Menyeh [9] discuss CRE and SSA, they prioritize a profit- version of
decentralized renewable energy (DRE), as opposed to the pro-social CRE
variant, although CRE is presented as a subtype of DRE [106].

The study of Ambole et al. [108] engages with the context of SSA,
concluding that CRE can play a role in boosting energy access in Africa.
However, the research lacks ideas for policy and governance frame-
works that could facilitate their development and implementation
[108]. Other scholars underline the potential of RESs for meeting Afri-
ca’s energy demand but fail to propose policy frameworks required for
their implementation. For example, Ibrahim et al. [109] and Ambole
et al., [110] discuss the failure of policy execution in respect to
(implementing) subsidies and tariffs. Boamah [111] present country-
specific factors critical for DRE, whereas other studies [112-114]
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discuss mini and micro-grids markets as investment options, but none
provide a clear solution relating to the governance framework for
accomplishment. Despite Musonye et al.’s [115] recognition that pro-
spective DRE solutions have effective implementation methodologies,
their work did not elaborate on specific mechanisms. Additionally,
Nkoana [116] acknowledge the need for a participatory governance
framework, without providing details on how to create one.

Modern energy production is centralized, primarily fossil-fuel-based,
and dispersed widely. By contrast, the philosophy of CRE is grounded in
decentralized, community-owned, small-scale RE facilities [94]. There-
fore, for a community to be sustainable, it requires fossil fuel-to-RE
transitions [117]. CRE promises such transitions through social trans-
formational potential, enabling a democratic environment and partici-
pative bottom-up CRE projects [118]. At present, most countries are still
in the process of determining the feasibility and suitability of imple-
menting CRE in their specific geographic and socio-economic contexts
[20]. Nevertheless, three fundamental components characterize the
meaning behind CRE: it is a type of DRE system; it adopts any RE source;
and its focus is on collaborative (communal) effort and citizen
participation.

4.1. Ownership models and financing mechanisms

4.1.1. Ownership models for community renewable energy

Ownership models are critical to the success and sustainability of
CRE, especially in developing economies such as Nigeria, where local
socioeconomic, cultural and institutional contexts must be accounted
for. Key examples include the community-owned model, cooperative
model, public-private partnerships (PPPs) and third-party ownership.

The community-owned model involves direct community owner-
ship and management of RE projects. It empowers local stakeholders and
ensures that benefits, such as profits and energy savings, are retained
within the community. This structure fosters a sense of agency, social
cohesion, and accountability, aligning with the principles of decentral-
ization and inclusivity that underpin CRE initiatives [66,119].

Under a cooperative model, community members collectively own
and operate renewable energy projects. Cooperatives have gained
prominence in countries such as Germany and Denmark, where they
have successfully scaled renewable energy transition by mobilising in-
vestments and building local trust [120,121]. By pooling resources and
decision-making power, this model exemplifies grassroots participation
and democratic governance.

PPPs represent collaborative efforts between government entities
and private sector players, combining public oversight and funding with
private sector efficiency, technical expertise, and financial resources.
These partnerships help bridge resource gaps and are particularly
effective in scaling projects in resource-constrained regions like Nigeria
[99,122].

Third-party ownership sees external organisations own and oper-
ate CRE projects, while communities receive energy services. Although
this minimizes financial risks for communities, it often limits their
involvement in governance. Strong contractual agreements, however,
can ensure equitable benefit-sharing and accountability [83,123].

4.1.2. Financing mechanisms for community renewable energy

Alongside ownership models, innovative financing mechanisms can
help address the capital-intensive nature of CRE projects while ensuring
long-term sustainability and inclusivity. Prominent mechanisms include
crowdfunding, grants and subsidies, revolving funds, green bonds and
international climate finance, and Pay-As-You-Go (PAYG) models.

Crowdfunding democratizes investment by enabling individuals to
contribute small amounts to RE projects. In rural Nigeria, leveraging
local thrift systems—prevalent community-based savings mecha-
nisms—can enhance resource mobilization for CRE. This approach fos-
ters grassroots engagement, expands participation, and builds a sense of
local ownership [19,123].
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Government grants and subsidies provide essential catalytic
funding, particularly for initial capital requirements. These incentives
lower financial barriers, helping communities overcome economic
constraints and unlocking broader socioeconomic benefits, such as
improved health and education outcomes [119,122]. Subsidies also
reduce dependence on unsustainable fossil fuel alternatives.

Revolving funds offer a sustainable capital flow mechanism by
providing low-interest loans for RE projects, with repayments reinvested
into the fund to finance future projects. This self-sustaining financing
model, often managed by community organisations or cooperatives,
ensures financial accountability and promotes long-term viability
[99,124,125].

Institutional mechanisms such as green bonds and international
climate finance are increasingly relevant for CRE initiatives. Green
bonds provide large-scale, long-term financing linked to environmental
goals, while climate funds (e.g., the Green Climate Fund) offer grants or
concessional loans to promote RE transitions. These tools not only
address financing gaps but also align CRE projects with global climate
targets [126,127].

Finally, PAYG models facilitate incremental payments for energy
services, often via mobile platforms. In their seminal work, [128] refer
to “Fee-for-Service” as an example of a PAYG model in the context of
supporting solar systems for rural households in South Africa. Such
schemes are particularly effective in underserved regions where com-
munities face limited upfront capital capacity but can afford small,
regular payments. PAYG models help expand inclusivity and afford-
ability, enabling communities to access clean energy without significant
financial strain [66].

4.2. Community renewable energy in Germany and Denmark

As CRE spreads geographically and contributes towards reducing
energy consumption, community-driven RE efforts are expanding
rapidly within Germany and Denmark, while the UK is another CRE
frontrunner [18,75]. In other industrialized nations, new public
engagement initiatives, like RE advocacy and awareness campaigns are
informing citizens about their role in advancing energy transitions [17].

Germany and Denmark have successfully employed CRE to support
their sustainable energy objectives [47]. Both nations serve as para-
digms, with Germany being a model for RE-powered industrialization
while Denmark is renowned for its decentralized CRE ownership model,
which originated with wind energy cooperatives in the late 1970s
[20,129,130]. Since the 1990s, both countries have promoted CRE op-
erations through regulations and efforts to expand RE project ownership
[21]. Notably, Germany has actively promoted RE since 1991, when it
enacted a renewable power feed-in-law making its energy economy and
public RE delivery structure highly interventionist [18,131].

This section aims to extract lessons and common factors from the
German and Danish cases to help identify the tenets for establishing
CRE-MLG in Nigeria. The CRE-MLG approach entails pioneering a do-
mestic and pragmatic transition towards a low-carbon society which
necessitates the active involvement and collaboration of citizens and
local communities. Accordingly, by reviewing how each country
implemented policies and supported incentives to promote CRE (see
Table 2), researchers can support progress in the Nigerian context. While
CRE has proved integral to Germany’s and Denmark’s RE strategy, as
reflected via a range of studies within the academic literature (see
Supplementary Note 1 and 2), a mix of drivers and barriers underlying
the implementation of CRE are identifiable (see Table 3), which can
support the learning curve in Nigeria.

4.2.1. Germany

Citizen engagement has been the driving factor behind the growth
and spread of RE in Germany [106], as reflected in findings in the
literature (See SN1). Most German CRE projects are cooperatives
popularly known as Energiegenossenschaften. About 970 such projects
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Table 2
Comparison between key characteristics underlying the energy transition in
Germany and Denmark.

Characteristics/ Sources

features

Germany

RE Policy targets e 40-45 % of power from [132,133]
RE by 2025 and 80 % by
2050

e Energy Transition-
Erneuerbare Energien
Gesetz (EEG 2000)

“Energiewende”.

1970s oil crisis;

Chernobyl 1986

environmental crisis,

anti-nuclear energy
movement

Economic/financial

incentives (employment

creation); community
image; environment

State: Federal, State

(Laender), Local

governments

Non-State: RE

cooperatives &

associations

Major regulatory e Ministry of Economy
body and Technology

Role of local Burgerenergie is a
government democratically run

enterprise and

government
participation at all levels

Decentralized bottom-

up model at subnational

levels.

Ownership o Citizens’ energy
schemes & cooperatives and
structures associations

(Biirgerenergie)

Citizens’ collaboration

between local

governments (LG) and
local actors

Collective ownership

widespread

Varying cooperatives

(Energiegenos-

senschaften)

Financial e The most subsidies

Government [106,132,133]
strategy/
policies/legal
framework

Motivation

[73,97,134,135]

Actors [71,97,98,106]

[71,106]

Governance [18,72,106]

structure

[18,98,132,133,136]

[18,19,75,80,98,106,137,138]
worldwide
Feed-in-Tariffs Act
Stromeinspeisegesetz
StrEG (1990)
operational

Deployment support (RE
Sources Act EEG)

A form of PPP between
banking institutions (e.
g., Okostromgruppe
Freiburg; GmBHFesa
GmBH) and State/
Federal Administration
Local/regional subsidies
and low interest loans
Fossil fuels and other
environmentally
detrimental actions are
taxed

Solar (photovoltaic) [106]

incentives

Dominant
community-level
renewable
energy
technology
(RET)

(continued on next page)
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Table 2 (continued)
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Table 2 (continued)

Characteristics/ Germany Sources Characteristics/ Germany Sources
features features
Progress level o Most installed solar PV [19,106] share of national RE
globally in 2013 targets
(36GW), surpassing e Sub-municipality plans
70GW in 2023 (Q1) called strategic energy
e Target 215GW by 2030 plans; stepdown from
e Approx. 50 % of solar PV national RE plans.
is community owned Governance e Bottom-up decentralized [18,141,142]
Community and e Citizens control [98,106] structure approach
citizens approximately half of RE e Local and regional
engagement capacity and cooperation with central
instrumental in the government
energy revolution. e Communities in charge
« Citizens own most of meeting ambitious RE
shares of CRE national targets with
Biirgerenergie. local government
support (Kommuner)
. e Delegated authority
Characteristics/ Denmark Sources from Copenhagen to
. Efe;n;res Wind turbi d local municipalities
olicy targets e Wind turbines gienerate Ownership e Citizen-led bottom-up [20,75,85,143]
26 % of the nation’s [80,92] schemes & initiatives
electricity by 2011 structures e Collective ownership
e 30 % RE by 2025 widespread
0,
e 100 /0 RE by 2050 o Agriculture cooperatives
Government o Electricity Supply Act [20,68,139] in wind energy policy
strategy/ policy/ e National Renewable o Traditional cooperatives
legal framework Energy Action Plan (interessentskab) led to
e Draft-National Energy the homogeneity of
and Climate Plan organization form for
o Energy Strategy 2050, community wind
e National Recovery and i
Resilience Plan e
G Transiti Financial o Energy efficiency, long- [20,92,139]
o Green Transition, incentives term taxes on energy
Renewable Energy Act fuels, electricity, and
(2009) carbon
e Innovative democratic e Tax-free subsidies
process ) investment grants and
e Denmark RE Policy low-interest
o Handbook, (2022) o FITs (1993) operational
Motivation o Energy net exporter [80] Dominant o Wind turbines [20]
e 1/3 world market for community-level
wind turbines renewable
Actors e State: Federal, State and [20,139,140] energy
local government; The technology
green majority in (RET)
PNarh‘;me“.tk £ NGO Progress level e In 2017, Denmark had [68,85,142,144]
. Oon- Fatg- S, 4910 wind turbines,
rganisationen fi or. total installed capacity-
Vedvarende Energi 5229 MW
(OVE); The Danish Wind o About 20 % (1082 MW)
Zl(l)rzlile &SSOClaUOH; owned locally by citizen
.0 .y J ) cooperatives.
orge.inflzatlon'»a \(I;ncmg Community and e Most wind turbine [67,92]
R}E in o(rjn;tmn ‘ 1sc.us- citizens owners are local
sion and dissemination engagement community investors.

Major regulatory
body

Role of local
government

Department of Energy
and Climate

Part 1(3), Promotion of
RE Act (2009) includes
roles for municipalities.
Centralized ‘coercion’ in
a legislative sense on
involvement of local
authority.
Establishment of
federation of energy
offices (SEK) in 1977
CRE mobilized by
partnership with local
government authorities.
Local governments are
required in their role as
planning and approving
authority to deliver

[20,93,139-141]

exist, corresponding to the largest shareholders of Germany’s 36 GW
installed solar and the most installed capacity globally [18,72,145]. The
state-led Energiewende strategy promotes community activities that
support energy policy [18]. The country’s energy transformation relies
on cogeneration and community engagement [72]. Table 3 highlights a
particular political lesson Nigeria can learn from Germany as both
countries have a federal structure. Due to distinct geographic, economic,
and demographic frameworks, Germany’s Laender (federal states) — like
Nigerian states — may not necessarily share the national government’s
aims or policies [97]. As noted by Kalkbrenner and Roosen [18], the
frequency and configuration of CRE may vary according to unique
regional characteristics, while Sun and Baker [23] note MLG is flexible
to local settings. This explains why Biirgerenergie — as a democratically
managed enterprise — prioritises community RET choice and most
importantly government participation [106], offers an additional less
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Table 3
Drivers and barriers of community renewable energy in Germany and Denmark.
Drivers Germany Denmark
Government e The Act (EEG) allows for e Community groups plan and
policies and citizen participation in implement projects using
incentives the form of community the Feed-in Tarriff policy,

or citizen-owned energy
cooperatives

Germany’s Energiewende
spurred CRE
development
Community groups can
develop and implement
their projects using RE
auction systems

Feed-in Tariffs: This
financial structure
assures a fixed price for
RE [98,145]

Local authorities and
communities support

Community Energy Devel-
opment (CED) programme,
and green certificate system
CRE in Denmark relies
largely on state facilitation
and subsidies

The institutionalization of
CRE by providing financial
and regulatory incentives
for its operations [20,93]

Local Support and
Participation

Long tradition of public
participation, decision
have been key to the making and ownership of
development of CRE CRE has driven CRE’s
[96] development [80,93]
Community RE Communication and
involvement mobilizes training for RE awareness
project support [146] [92]

Energy savings, job Energy self-sufficient and
creation, and local net exporter reflecting in
economic development balance of payments [141]

Increasing public
interest and
awareness of RE

Economic benefits

[71,106]
Social benefits e Community e Ensures broad participation
empowerment, of diverse actors [147]

enhanced social
cohesion, and improved
environmental quality

[71]
Barriers Germany Denmark
Administrative e Complex and lengthy e Administrative bottle necks
procedures [71] exist [141]
Legal and e Lack of clear objectives, e Lengthy planning process
Regulatory lack of standards and [68]
processes [148]
Financial e High initial investment e High initial investment
constraints costs and limited access costs and lack of access to

finance [80]

Technical expertise not
widespread in all
municipalities [92]

to funding [98]
Smaller communities’
difficulties grasping CRE
technical and
operational aspects
[106,149]

Low community
participation and RE
benefits understanding
Local community and
stakeholder opposition
can hinder their
development [98]

Limited technical
expertise

Local communities and
other stakeholders may
oppose CRE projects
preventing their
implementation [80]

Limited public
awareness/
acceptance

for the Nigerian case.

4.2.2. Denmark

Denmark has the most decentralised RE use in Europe, with munic-
ipal administrations (Kommuner) possessing vast financial resources and
autonomy in RE policymaking. Accordingly, multiple studies on the
Danish case have been conducted by energy scholars, drawing on a
range of research methods (see SN2). The institutional framework of
Denmark includes local cooperatives which is a key part of governance
and enabler for community action in RE programmes [18,93]. The
nation boasts the highest level of energy independence and sustain-
ability in the Organization for Economic Cooperation and Development
(OECD), achieving self-sufficiency in energy production and consump-
tion [80]. Following the 1973 oil crisis, Denmark shifted from a
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centralized fossil-fuel-based power network to one dominated by wind
turbines and combined heat and power (CHP) units within two decades
and has since maintained its leadership in wind energy [80]. Denmark’s
energy transformation has received significant funding through com-
munity involvement [127], with the government now aiming for a 100
% RE grid by 2050 (see Table 2). Despite limited resources, municipal
administrations (Kommuner) have energy policy autonomy and receive
legislative and financial support from the national energy framework,
especially in RE [18,20].

4.2.3. Insights from Germany and Denmark

While Germany’s emphasis on citizen engagement has undoubtedly
propelled its RE growth, questions arise regarding the inclusivity and
equity of this approach [71,106]. Despite the proliferation of energy
cooperatives, there are concerns about the accessibility of these initia-
tives to marginalized communities and the extent to which they truly
empower citizens in decision-making processes [98]. Similarly, Den-
mark’s decentralized governance model appears promising, but deeper
analysis reveals potential pitfalls, such as disparities in local government
capacities and resources, which may exacerbate inequalities in RE access
and adoption [80]. Potential CRE-newcomers such as Nigeria must
critically assess these models to ensure new initiatives are not only
effective in promoting RE but also socially just and equitable.

Furthermore, while policy mechanisms such as Germany’s Feed-in
Tariff (FIT) and Denmark’s cooperative ownership model have been
instrumental in driving CRE progress, their applicability and effective-
ness in the Nigerian context requires careful consideration. Questions
arise regarding the scalability and sustainability of FIT schemes in a
developing economy like Nigeria, where regulatory uncertainties and
financial constraints may hinder private sector investments in RE.
Similarly, while cooperative ownership models have demonstrated
success in Denmark, challenges may arise in replicating this model in
Nigeria’s diverse socio-economic landscape, where issues of governance,
trust, and transparency pose significant barriers [150,151].

While CRE initiatives in Germany and Denmark offer important
lessons for Nigeria’s energy transition, context-specific dynamics dictate
the need to adapt existing models to address the complex socio-
economic and institutional realities within the Nigerian context.
Combining ownership models and financing mechanisms provides a
critical pathway towards effectively scaling CRE initiatives and
combatting energy poverty in Nigeria. Therefore, while Germany and
Denmark offer important lessons for Nigeria’s energy transition,
context-specific dynamics dictate the need to adapt existing models to
address the complex socio-economic and institutional realities within
the Nigerian context.

Community-owned and cooperative models, underpinned by gov-
ernment grants, revolving funds, and climate finance mechanisms,
provide a foundation for fostering local participation and ownership.
Collaborating with private sector investors through PPPs and leveraging
tools like PAYG systems further ensures financial inclusivity and scal-
ability. Moreover, Nigeria’s decentralized energy governance frame-
work must integrate these models with robust regulatory support and
capacity-building initiatives.

By aligning local and national priorities through green bonds and
climate funds, CRE projects can contribute to Nigeria’s Nationally
Determined Contributions (NDCs), addressing both energy poverty and
climate goals. Ultimately, ownership and financing models are more
than operational strategies—they are vehicles for ensuring the social,
economic, and environmental sustainability of CRE initiatives. By
adopting a tailored, hybrid approach that reflects Nigeria’s unique so-
cioeconomic realities (see Section 5), the country can advance towards
equitable energy access and inclusive energy transitions.

5. Energy policy issues and challenges in Nigeria

Despite global advancements, an estimated 573 million people in
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SSA lack access to electricity, equivalent to around 41 % of the popu-
lation [152] [9]. Nigeria, the sixth most populous nation in the world,
with an estimated 219 million citizens [153], is energy deficient, unable
to meet the need of its rising population and facing a significant energy
crisis despite its abundant RE potential [2,109,154,155]. Although
Nigeria relies heavily on fossil fuels to support its energy infrastructure,
there is a significant shortfall in satisfying the increasing energy de-
mands of a growing population [2]. Foremost, the national electrifica-
tion rate in the country stands at approximately 55 %, with rural
electrification at around 39 % [156]. The persistent growth of Nigeria’s
annual CO2 emissions further compounds this predicament (see Ap-
pendix 1, Fig. A1-A3).

In rural communities, access to energy is even more limited, with the
average household consuming only 100 kWh of electricity, which is
significantly less than 4500 kWh, 1934 kWh, and 1379 kWh consumed
in South Africa, Brazil, and China respectively [157]. This shortage
forces families and businesses to rely on portable hydrocarbon-powered
generators to supplement energy needs [155,158]. CRE adoption in
Nigeria is overdue given rising energy demands and substantial citizen
investments in hydrocarbon-powered generators. Introducing CRE can
create a cleaner, more reliable energy market while raising awareness
about RE’s role in sustainability, rural development, lower health costs,
energy independence, and economic growth [157]. Specifically, the
northern region, with the highest lack of access to electricity, stands to
benefit significantly from CRE adoption, as depicted in Fig. 2.
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5.1. Energy policy developments in Nigeria

Diversifying Nigeria’s energy supply with renewables is imperative
amid global concerns about climate change, the environment, and sus-
tainable development [160,161]. In response, Nigeria has implemented
energy policies, programs, and legislation to enhance accessibility,
however, progress to date has fallen short of realizing economic ambi-
tions. In this study, energy policy pertains to government strategies for
boosting energy production, decreasing emissions, and improved effi-
ciency [162]. Table A1 provides an overview of Nigeria’s energy policies
and Acts for both renewable and non-renewable sources to further
contextualise the focus of this analysis.

Despite degrees of policy changes, institutional restructuring,
persistent challenges in Nigeria’s energy landscape (see Appendix,
Table A1), the country still falls short of its energy sufficiency and RE
targets. The Revised Renewable Energy Master Plan (REMP) 2012 aimed
for 23 % RE by 2025, but by 2023, only 4 % was achieved. As of
December 2022, RE targets remain unmet. Similarly, RESIP’s goal of
nationwide electricity access had limited success. While the Electricity
Act of 2023 represents a significant step forward in Nigeria’s energy
legislation, it falls short of the objectives outlined in the CRE-MLG
framework due to certain limitations.

Section 2(2) of the Act grants authority to states, companies, and
individuals for electricity generation, transmission, and distribution, but
excludes roles for local government authorities, citizens, and commu-
nities. Additionally, the Act lacks provisions for energy storage, which
are crucial for maximizing the potential of RE within the energy mix.
Despite its passage, the law faces challenges, as most governors have yet
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to adopt it, and the Nigerian Electricity Regulatory Commission (NERC)
has approved a substantial 300 % increase in electricity tariffs, exacer-
bating the already unreliable power supply [163]. With 46 grid collapses
between 2017 and 2023, Nigeria continues to grapple with frequent
power failures, leading to widespread reliance on small carbon powered
backup generators which provide 40 % of the total electricity [164].

Although, various policy revisions aiming at RE goals over the years,
none of these revisions present a comprehensive strategy for CRE across
all local communities in Nigeria, including the recent Nigerian Elec-
tricity Act 2023 [165]. This Act empowers state governments but
overlooks citizens and local governments (see Table A1). The absence of
roles assigned to local governments hinders aspirations for developing
and accelerating decentralized RE. Consequently, there is pressing need
to prioritize citizen engagement and social acceptance through sup-
portive frameworks targeting a low-carbon and inclusive energy future
[166]. This resonates with Petersen’s [141] observation regarding an
implementation gap between national policy and local practice as a
barrier to meeting RE targets. In sum, the Nigerian Electricity Act of
2023 falls short of taking a transformative approach towards decar-
bonisation, as it primarily focuses on modernizing and expanding
traditional energy infrastructure without prioritizing citizen engage-
ment in its policies.

5.2. Implications of community renewable energy in Nigeria

5.2.1. Climate change dimension

Current estimates suggest the Paris Agreement’s 2 °C target will fall
short without global investments of around $1 trillion in RE [152]. RE
adoption is imperative for securing rapid shifts in energy efficiency and
electrification to reduce GHG emissions [87,167,168]. Nigeria faces
challenges like fossil fuel reliance, carbon lock-in, and limited govern-
ment support for RE. Despite the urgent need for a low-carbon shift, not
all countries fully endorse or meaningful support the RE transition
[87,100,169]. Counteracting a low-carbon trajectory, Nigeria subsidizes
imported refined hydrocarbon fuels [154]. Implementing initiatives like
CRE could redirect subsidy funds towards vital areas like healthcare,
education, and transportation.

5.2.2. Government budget constraints and socioeconomic impact

Given the substantial investments by governments and multinational
entities in global energy transition, there is a growing call for the
involvement of individuals and civil society actors [127]. In the UK
context, Mirzania et al. [170] argue that strategic support for enhancing
networking and collaborative efforts through citizen participation could
bolster CRE initiatives during the energy transition, thereby mitigating
investment risks and market constraints. Furthermore, the adoption of
CRE with government backing in rural areas holds the potential for
substantial socioeconomic advantages, including improved education,
healthcare, access to safe drinking water, empowerment of women and
youth, and poverty reduction [171].

5.2.3. Seasonal variations and energy security dimension

Declining dam water levels contribute towards energy instability
coupled to grid dependence highlighting the need for a more decen-
tralised energy system in Nigeria [157]. To address these challenges,
Ikejemba et al. [172] propose CRE solutions for decentralizing energy
production. Furthermore, Bauwens [169] highlights energy security
threats in SSA stemming from limited fossil fuels, price volatility, and
energy poverty. Similarly, Siisser and Kannen [87] emphasize the
growing recognition of RE for low-carbon, sustainable, and secure na-
tions, in alignment to the Paris Agreement.

6. Two types of multi-level governance

Hooghe and Marks [28] proposed two classic ideal models of MLG:
Type I and Type II (see Table 4). Type I is common in federal systems
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Table 4

Type I and Type II Multi-level governance.
Type I Type II
e General Purpose jurisdiction o Task-specific jurisdictions
e Non-intersecting memberships o Intersecting memberships
e Jurisdictions organized on a limited e No limit to the number of

number of levels jurisdictional levels

e System-wide architecture o Flexible design

Source: Adapted from [28].

where the central government shares power with multiple levels of
government, resulting in a flexible and adaptable administration with
limited interactions among jurisdictional levels [173,174]. Type Il MLG
is more versatile, spanning multiple levels with overlapping jurisdic-
tions, involving government agencies, state-owned enterprises, industry
groups, and non-governmental organisations (NGOs) to address specific
tasks or policies. Accordingly, Type I is characterized by state-centric
politics, while Type II features task-specific jurisdictions, flexibility,
and adaptability to transient needs [25], whereby the operational
character of institutions is brought to life by actors at various govern-
ment levels [175].

6.1. Type I multi-level governance: jurisdictional governance

Type I MLG limits authority dissemination to a few non-overlapping
jurisdictional borders across a limited number of levels, emphasizing
stability and government levels rather than specific programs [176]. In
contrast, Type II MLG views governance as a complex and fluid system
with overlapping governments, organized around tasks and adaptable to
changing governance needs [174], as conveyed in Table 4.

Gargano [43] characterizes Type I MLG as a general-purpose juris-
diction across international, national, regional, and local levels, divided
into units with distinct authorities and policy requirements. It typically
includes executive, elected legislature, and judiciary structures, with
municipalities serving as stable entities overseeing various aspects of
governance. These structures align with the formal, federalist qualities
of Type I MLG, which feature hierarchical jurisdictions to some extent
[177].

Type I MLG operates with well-organized, layered roles across
multifunctional organizations and networks at defined levels. Type I
MLG emphasizes finite levels of collaboration or cooperation, which
Zirn [178] refers to as cooperative federalism in modern states.
Conversely, Type II MLG exhibits more flexible institutional frameworks
allowing for membership overlap between levels [24]. While Type I
serves as the formal implementation framework, the mechanisms of
Type II MLG can either support or hinder policy implementation [177].

6.2. Type II multi-level governance: distributed public governance

Type II MLG delegates implementation responsibilities to govern-
ment bodies with non-overlapping geographical jurisdictions, empha-
sizing task-specific, single-purpose entities across various governmental
levels and independent of ministerial agencies [177]. This approach
transcends hierarchical tiers and offers a more fluid analysis across
geographical and jurisdictional boundaries [23]. CRE projects align with
this approach, as local planners follow national and regional policies
[27].

Gargano [43] further distinguishes Type II MLG as task-oriented and
adaptable to changing functional needs. It involves specialized public
services such as law enforcement, fire protection, social services, and
transportation, each with its internalized jurisdiction. This category
involves various public and private actors coexisting in the same space
and addressing coordination challenges collectively at the relevant
level. Type II MLG is associated with economic efficiency, adaptability,
innovation, community engagement, and shared decision-making [43].
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In Nigeria’s governance framework, both Type I (jurisdictional
governance) and Type II MLG (distributed public governance) hold
relevance. Jurisdictional governance, characterized by vertical power
distribution, poses challenges in addressing local energy policy needs
due to centralisation. In contrast, distributed public governance,
focusing on horizontal coordination and involving various stakeholders,
offers opportunities for collaboration and inclusive policy development.
Nigeria can benefit from integrating both approaches, leveraging the
federal government’s role while strengthening collaboration across
government levels and with non-state actors to enhance policy outcomes
and sustainable development.

6.3. The multi-level governance approach in Germany and Denmark

The analysis of Germany and Denmark’s RE strategies through the
MLG framework reveals distinct approaches to CRE development. Ger-
many’s model aligns with Type I MLG, featuring top-down policy
formulation at the national level, complemented by decentralised
governance structures empowering local communities to drive CRE
initiatives. Denmark, on the other hand, embodies Type II MLG,
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characterized by task-specific jurisdictions and collaborative efforts
among diverse stakeholders to address specific policy objectives. Both
countries showcase how MLG principles shape CRE outcomes, empha-
sizing the importance of coordination, collaboration, and decentralisa-
tion in achieving sustainable energy transitions.

The aim of using the two western cases is limited to drawing
empirical examples of citizens’ mobilization, engagement, and partici-
pation in the RE transition. However, CRE in the western context does
not necessarily fight energy poverty. In a SSA country like Nigeria,
subsistence energy has the potential to alleviate energy poverty in a
straightforward manner. By transitioning from carbon-powered gener-
ators to clean and sustainable energy sources, small and medium en-
terprises (SMEs), which drive local economies, can significantly reduce
their operational costs, thereby enhancing their ability to thrive.

7. Conceptual framework

The success and public acceptance of RE initiatives, including
community-based projects like CRE, depend significantly on the imple-
mentation strategy [74]. This underscores the need to customise policies

STATE ACTORS

Federal Government (FG), State Government (SG), Local Government (LG)

FG >  SG, /:
\ LG
LG
Roles & Responsibilities /
SG (...) \i LG
e PI d desi;
p;:::sy’an esigns T LG (...)

e Legislation Roles & Responsibilities

® Incentives: subsidies/

funds/grants.
Implementation
guidelines to meet RE
national targets.
Coordination of all RE
efforts.

Enforce universally
applicable rules.
Penalising non-
compliance and
incentivise compliance.
State broadcasters for
CRE awareness.

Policy steering
Localise federal energy
policy protocol and
implementation.
Issuing CRE licences.
Track incentives.
Technical support and
RE office agenda
scheduling.

Training for LG RE desk
officers.

State broadcasters for
CRE awareness.

?

Roles & Responsibilities

Establishment of RE desk offices/officers

Implement and coordinate CRE policy.

Community energy monitoring.

Assessment of CRE setups and conformance to

standards.

Collect community energy data.

e Recommends community loans, grants, and
subsidies.

e Advise on standards, give technical support.

e Link CREs to non-state actors; vendors,
resource institutions, banks etc.

e Involve local mediums to promote awareness.

v

NON-STATE ACTORS

NGOs, research institutions, RET vendors, co-operatives, associations, energy /environmental lobbyists etc

Fig. 3. The community renewable energy multi-level governance framework.
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to fit the local context. MLG can play a pivotal role in shaping a context-
specific CRE policy framework for Nigeria. Such a framework would
align with the nation’s unique political, social, and cultural dynamics,
addressing shortcomings in previous government-led approaches. In
response, the proposed CRE-MLG framework (see Fig. 3) provides a
viable alternative for supporting Nigeria’s potential transition to a low-
carbon economy. By engaging local citizens in energy production and
adopting a community-based approach, CRE-MLG aims to foster sus-
tainable and reliable energy solutions through a decentralized approach.

CRE-MLG, as conceptualised in Fig. 3, could prove instrumental to
supporting a clean and equitable energy future in Nigeria. Past energy
policies, as documented in Section 5 have fallen short of achieving stated
targets, while failing to combat energy poverty. This shortcoming stems
from the federal government’s exclusion of local governments and
communities from energy policy formulation and coordination. To date,
a focus on centralized energy policies and regulations has yielded
limited results. Moving forward, local governments would prove better
suited to implementing CRE initiatives, since they are more engaged
with the communities they serve. Shifting the focus to MLG can foster a
more democratic and legitimate public policy development process, help
decentralize state power, and encourage a more pluralistic administra-
tion by involving local governments, non-state actors, and community
stakeholders. This approach holds promise for CRE advancement in
Nigeria, considering the country’s diversity and vast size.

The CRE-MLG framework offers a solution by engaging state (mid-
level) governments, local governments, and communities as pivotal
players in CRE development, alongside the federal government. In
Nigeria, the existing 776 local governments are particularly well-
positioned to interact with communities, underscoring the significance
of collaboration among national, regional (36 states), and local stake-
holders. Each government level has distinct jurisdictional roles and re-
sponsibilities, necessitating synergies between state and non-state actors
for effective implementation. As depicted in Fig. 3, promoting CRE is
predicated on harnessing potential synergies between top-down and
bottom-up processes.

7.1. Roles of key actors supporting CRE-MLG

Given the importance of energy as a national resource in a SSA na-
tions such as Nigeria [179], under the CRE-MLG framework, it is crucial
for state actors at all three tiers to collaborate with non-state actors.
Currently, critical institutions in Nigeria’s energy industry are central-
ized and concentrated at the federal level. In Table 2, it is noteworthy
that in the Danish case, part 1 (3) of the promotion of RE Act (2009),
clearly stipulates and includes roles of actors in municipalities in the
national transition plan [139]. Therefore, the framework aims to
address this by decentralizing roles and responsibilities to lower levels of
government to promote RE penetration in the country.

Implementing CRE-MLG is the responsibility of key actors at both
vertical (state) and horizontal (non-state) levels. Fig. 3 highlights the
three state actors representing the federal, state, and local governments
vertically, while non-state actors are horizontally juxtaposed to the
framework at each level of authority including the local community who
are host to where RE initiatives are domiciled. These non-state actors
provide technical support and input to governments and act as private
sector partners in crystallizing the CRE-MLG approach. While the federal
government is the highest coordinating entity at the top, the state gov-
ernments (mid-level) government follows and then local government
(bottom level) which is closest government to the community (non-
state) actors, who host to the CRE project.

7.2. State actors
7.2.1. Federal government

The Federal government (FG) plans and designs CRE policy frame-
work, legislates, support with funds/grants, and creates CRE
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implementation guidelines to meet national RE targets. Following the
tenets of the CRE-MLG framework, the federal government is primarily
tasked with coordinating all RE efforts and enforcing universally
applicable rules by penalising non-compliance, while incentivizing
compliance. The FG also has the responsibility of using its broadcast
institutions for CRE public awareness campaigns.

7.2.2. State government

The state government (SG), composed of the 36 states of Nigeria,
carries out governance at the meso-level (mid-level). The proposed
framework suggests scaling down federal energy policy guidelines and
implementation protocol to fit local contexts, thus accounting for
diverging cultural and social characteristics across states. The main re-
sponsibility of the SG includes policy steering, issuing CRE licenses,
maintaining a record of funding, coordination and agenda setting for RE
offices and technical support/ training for local government renewable
energy desk officers (REDOs). As a pivotal link in the CRE-MLG chain,
REDOs correspond to focal officials in local government (LG) offices
responsible for implementing and coordinating national CRE policy
objectives.

Similar to the FG, SGs have the ability to use their broadcast in-
stitutions for CRE public awareness campaigns. The new Electricity Act
of 2023 [165] grants SGs authority over power generation, transmission,
and distribution within their respective states. Notably, section 63(1) of
the Act acknowledges the unique needs and objectives of each Nigerian
state, encouraging the enactment of state-level legislation related to the
electricity industry. This provision allows SGs to tailor laws and policies
to suit their specific requirements, promoting a decentralised approach
to the development of the electricity sector in Nigeria. Furthermore, the
Act acknowledges the SGs’ authority to issue licenses for activities
related to electricity markets within their states. Coincidentally, this is
the juncture at which the new electricity Act ceases, restricting the
involvement and accountability of the pivotal and most proximate tier of
government to the populace and consumers of this energy, namely, the
local government.

7.2.3. Local government

The local government (LG) is more accountable for understanding
and implementing national RE policy since it can more easily engage at
the community level [81], thereby strengthening prospects for ‘con-
necting power to people’. The LG sits at the lowest level in the vertical
element of the CRE-MLG framework yet carries the most weight in terms
of its roles and responsibilities. It is crucial to highlight that none of
Nigeria’s 774 local government areas (LGAs) currently has an agency or
a staff devoted to energy programmes, projects, or challenges. This
stands in contraction to other Type I governance institutions such as
health and education, which have departments and staff domiciled in all
LGAs in the country.

The proposed staffing of each REDO office in the 774 LGAs should
range from a minimum of three to a maximum of ten employees,
contingent on the geographical expanse of the LGA. Personnel would be
drawn from a mix of government energy agencies (Type II governance),
situated exclusively at the central headquarters in the country’s capital.
The integration of REDOs supports a critical gap for implementing and
monitoring of energy activities at community level. This is one of the
shortcomings that has hindered the country from meeting its national RE
objectives.

In contrast, the Danish case presents an example where there is a
strong connection between national RE targets, community acceptance,
participation, and local policy implementation [92,141]. In 1977, the
Danes established the federation of local energy offices (SEK) with staff
in all municipalities (local authorities) to help ensure collaboration and
participation of residents in meeting national goals [140]. With step
down training from SGs, REDOs assess CRE setups, architectures, and
conformance according to standards and collect accurate energy data in
the community. This SG level connects federal RE policy to local
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communities where CRE operates establishing a bottom-up channel. It
also can approve federal community loans, grants, and subsidies.

LGs are responsible to advice communities on sustainability stan-
dards, give technical support, and connect them to non-state enterprises
including RE manufacturers, vendors, resource institutions and banks
[137]. LGs also have the responsibility of using local mediums, out-
reaches, associations, traditional/religious leaders for CRE public
awareness campaigns.

7.3. Non-state actors

The framework presented in Fig. 3 incorporates various non-state
(private) actors within its horizontal governance structure and their
involvement is crucial across all tiers of government [118]. These actors
play a significant role contributing towards national level where policies
are formulated, as well as the local level where government programs
are implemented and executed in collaboration with each level of gov-
ernment, either independently or in a complementary manner. While
the objectives of non-state (private) may extend beyond profit-making,
encompassing endeavors such as addressing climate change concerns,
ensuring energy security for vulnerable populations, and protecting the
environment, their identities encompass a wide range of entities. These
actors include private developers, RET vendors, international and na-
tional consultants, civil society organizations/non-governmental orga-
nizations, financial institutions, political and environmental advocacy
groups, research institutions, prosumers (producer-consumers),
academia, training companies, voluntary associations, pressure groups,
professional organisations, among others.

7.3.1. Community-level actors

Given the absence of a singular trajectory towards achieving a low-
carbon transition within any particular nation, the conventional eluci-
dation of identifying appropriate stakeholders in CRE is contingent upon
the interests of constituents and policymakers. It is crucial for actors
responsible for determining the parameters of CRE to make well-
informed and deliberate choices, as these decisions have ramifications
on the scalability, management, funding, establishment, and regulation
of CRE initiatives, thereby significantly impacting the parties affected by
the outcomes [83].

The effective implementation of CRE necessitates the active
involvement of the community actors in the processes of planning,
decision-making, and administration through establishing and legal-
isation of unstructured energy associations and cooperatives. This is to
ensure the successful operation of a CRE project within a community,
the CRE-MLG framework proposes engaging and collaborating with key
community actors, leaders including residents and local institutions as
key stakeholders. By incorporating their perspectives, obtaining their
acceptance, leveraging on their indigenous knowledge, securing their
endorsement and encouraging their participation, these actors assume
the role of project stewards, fostering a sense of ownership and
commitment towards the project within their community.

7.4. The value proposition of CRE-MLG

Decentralization in Nigeria has been applied across various sectors,
including education, healthcare, and more recently, water supply. For
instance, the FG has delegated education responsibilities to SGs and
primary education duties to LGs. This decentralization means that SGs
are now in charge of formulating education policies, managing schools
and providing teachers. Another notable example is the delegation of
service provision responsibilities, such as water, sanitation, and
healthcare, to LG agencies.

A successful model that can be adopted and modified in Nigeria is the
Universal Basic Education Commission (UBEC) for primary education at
local government level. UBEC is backed by the Universal Basic Educa-
tion Act (2004) which mandates the provision of basic education in
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Nigeria. It was established to oversee the programme’s implementation
at the state and local levels. This coordination occurs through the State
Universal Basic Education Boards (SUBEB) in each state and the Local
Government Education Authorities (LGEAs) [180,181]. With the CRE-
MLG framework, REDOs at the LG level would function as the primary
contact points for ‘bottom-up’ RE development and coordination within
communities. They would engage with community stakeholders and
residents, oversee off-grid associations or cooperatives, provide infor-
mation on accessing quality RETs, facilitate access to government sub-
sidies and ensure the dissemination of government’s national
sustainability goals.

The Afrocentric CRE model differs from European frameworks by
focusing on decentralized, subsistence-level energy provision for
households and small enterprises, emphasizing community involve-
ment. Financing for this model through the supervision of REDOs, would
rely on a combination of government subsidies, international aid, micro-
financing, and private-public partnerships, with additional support from
grants and climate funds. The community plays an active role as “pro-
sumers,” participating in decision-making, governance, and manage-
ment to ensure sustainability. While not profit-focused, cost-recovery
mechanisms such as affordable tariffs would ensure long-term viability
by covering operational expenses. Ultimately, the Afrocentric CRE
model prioritizes social and economic benefits for the community,
fostering local resilience and energy autonomy.

Considering the spending of Nigerian citizens on hydrocarbon-
powered generators [12], through harnessing local resources and com-
munity involvement, CRE can provide reliable and clean energy for
domestic use, small-scale businesses, and community facilities. Collab-
oration between government, private sector, and civil society stake-
holders is crucial to support and scale up CRE initiatives, facilitating
Nigeria’s transition towards a resilient and low-carbon energy system.
However, the CRE-MLG framework offers a solution to accelerate
Nigeria’s transition to a low-carbon economy and support the fulfilment
of our Nationally Determined Contributions (NDCs) to the global
economy.

8. Conclusion

To date, few studies have examined the socio-political dynamics of
CRE projects and how they address energy inequalities in developing
countries like Nigeria [182]. Despite the growing prevalence of CRE
initiatives, research on their effects and contributing factors is mostly
concentrated in Europe and North America, with scarce attention given
to the implementation of programs in developing nations in SSA [183].

This study marks a novel contribution to the socio-technical transi-
tions literature in the global south by integrating CRE and MLG into a
conceptual framework, with a specific focus on the potential for devel-
oping CRE initiatives in Nigeria. The entry point to the analysis involved
analyzing the characteristics, constraints, mobilization strategies, and
state facilitation of CRE in Germany and Denmark to identify potential
success factors for adopting in the Nigerian context. Using the CRE-MLG
framework, the study assesses the viability of CRE efforts in Nigerian
communities to address energy poverty. The findings of this study may
inform the development of a policy framework that promotes CRE ac-
tivities and enables REDOs at the local government level to effectively
oversee and monitor policy targets and access to energy infrastructure.
Additionally, the CRE-MLG framework offers a solution to accelerate
Nigeria’s transition to a low-carbon economy and support the fulfilment
of our Nationally Determined Contributions (NDC) to the global
economy.

The novelty of this study lies in its integration of two key concepts:
CRE and MLG. This approach recognizes the importance of community
involvement and decentralized decision-making in RE development,
while also acknowledging the complex interplay of governance struc-
tures at multiple levels. By combining these perspectives, the framework
offers a holistic understanding of how CRE initiatives can be effectively
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implemented within the context of diverse and tiered governance sys-
tems. Scholarly innovation is evident in the framework’s emphasis on
critical learning points derived from empirical research and theoretical
insights. Through rigorous analysis of two case studies, existing litera-
ture, and policy documents, key lessons emerge regarding the role of
stakeholders, the effectiveness of governance mechanisms, and the
challenges and opportunities inherent in CRE implementation. These
critical learning points are identified through review of literature and
synthesis of evidence and highlighting best practices.

A more critical assessment of the transferability of these learning
points to the Nigerian context is essential. While the CRE-MLG frame-
work offers valuable insights into effective RE governance, its applica-
bility to Nigeria may be limited by contextual factors such as political
dynamics, institutional capacity, and socio-economic conditions. Crit-
ical scrutiny is needed to evaluate the feasibility and adaptability of
CRE-MLG principles within Nigeria’s unique governance landscape. This
assessment should consider the alignment of the framework with
existing policies and practices, the potential for stakeholder buy-in and
participation and the scalability of CRE initiatives across diverse com-
munities. Additionally, attention must be paid to potential barriers and
challenges, such as regulatory constraints, funding limitations, and
socio-cultural norms, which may impede the implementation of CRE-
MLG strategies in Nigeria. Overall, a nuanced and context-specific
analysis is necessary to assess the potential impact and feasibility of
adopting the CRE-MLG framework in the Nigerian context.

8.1. Implications for policy makers

Without the Danish government’s systematic and deliberate public
policy intervention in the market, its wind power technology would not
be the global success it is today [68,139]. Therefore, CRE through this
MLG-CRE framework would not spread without institutional support,
such as a supportive energy policy by the Nigerian government or po-
litical class [82,92]. Without focused government policy, the imple-
mentation of CRE in Nigeria may occur in a disparate, uncoordinated,
and unsystematic manner. And implementation success rates are
directly proportional to local acceptance levels [19]. Decentralisation
creates institutional space for local (community) actors, which is
essential to institutional progress [18]. However, the Nigerian govern-
ment lack supportive policy schemes for CRE, so policymakers may want
to maximize the potential of community investment in CRE by designing
effective policies with multiplier effect on local communities in Nigeria,
such as combating energy poverty, reducing the country’s carbon foot-
print, improving quality of life, and promoting economic growth [98].

Echoing Ohunakin’s [184] call to develop favorable policies and
strong “political will” at all levels of government (federal, state, and
local) in Nigeria to accelerate RE development. For CRE-MLG to take
root in Nigeria, appropriate policies must a) effectively unbundle and
distribute the intricate and overloaded monopoly of energy adminis-
tration held solely by the FG. This entails delegating well-defined roles
and responsibilities to the other two tiers of government, as depicted in
Fig. 3, fostering an interdependent yet collaborative structure b)
consider citizens as a source of funding for the energy transformation, c)
prioritize public engagement as the key to a successful energy trans-
formation, especially given the substantial impact on energy use by
citizens, and d) enhance the local energy industry administration
through offices of REDOs so that residents and local stakeholders can
engage in RE initiatives.

8.2. Limitation of research
A limitation of this study lies in the use of a narrative review for the

literature, which can introduce selection bias in choosing sources and
references, potentially leading to gaps in coverage. Unlike systematic
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reviews, which follow a structured and transparent methodology,
narrative reviews may unintentionally prioritise certain perspectives or
omit relevant studies. To address this, future research should consider
adopting a systematic review or meta-analysis to provide a more
comprehensive and objective synthesis of the literature on CRE in SSA,
which is currently lacking in the field.

8.3. Further research agenda

The liberalization of the energy sector has been an ongoing policy
initiative in many SSA countries. In this context, the CRE-MLG frame-
work has been proposed as a useful tool to guide energy sector reforms in
the region. However, there is a need for further research to explore the
implementation of this framework, particularly in terms of defining
stakeholder groups and customizing CRE structures for local environ-
ments in SSA. This would involve adapting the CRE-MLG framework to
suit the specific institutional, legal, and socio-economic contexts of in-
dividual countries in the region. Such customisation would be essential
to ensure that the framework is effective in achieving its intended ob-
jectives in different settings.

Another critical area of further research could focus on the identifi-
cation and classification of stakeholder groups in the energy sector in
SSA countries. This would involve a thorough analysis of the various
state and non-state actors involved in the sector, including government
entities, private companies, civil society groups, and individual con-
sumers. Such an analysis would provide a clearer understanding of the
interests and priorities of these groups and could inform the develop-
ment of tailored policy interventions.

Unlike Germany and Denmark, which have experienced RE expan-
sion facilitated by their stable political history, Nigeria’s history of po-
litical volatility has hindered similar progress. This, in turn, has impeded
various essential factors for the advancement of CRE research within the
country, such as inadequate funding, making it challenging to conduct
in-depth studies and gather data (especially due to the scarcity of energy
utilization statistics in rural Nigeria). Nigeria also suffers from a lack of
infrastructure and technical capacity as there is a dearth of qualified
technicians and researchers to study CRE. This makes community-scale
RET development and design of RE systems that meet local energy needs
difficult. Again, from the policy documents highlighted so far, Nigeria
lacks clear regulations for CRE initiatives. This causes ambiguity and
makes it hard for the researcher to get clear information on CRE
research.

Future research should involve adapting the CRE-MLG framework to
suit the specific institutional, legal, and socio-economic contexts of in-
dividual countries in the region and a review of various LG/citizens
ownership models. Such customisation would be essential to ensure that
the framework is effective in achieving its intended objectives in
different settings. Overall, further research in these areas could inform
the development of evidence-based policy interventions to promote
sustainable and inclusive energy access and economic growth in Nigeria.
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Fig. A3. Trends in Nigerian energy consumption and CO? emissions, 1990-2020 [185].

Table Al
Summary of Nigeria’s energy policies to date.
Policy Start Key details and characterization Source(s)
year
National Electric Power Implementation 2001

e Unbundled the powerful state-owned NEPA into electricity-generating Independent Power Producers  [4,186]
(IPPs) to boost market competitiveness, phase out subsidies and sell excess electricity to Distribution
Companies (DISCOs) for full market liberalization

e No focus on renewable energy

Policy (NEPIP)

(continued on next page)
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Policy Start Key details and characterization Source(s)
year
National Energy Policy (NEP) 2003, 2003 o Addressed energy production, supply and consumption. Promoting rapid solar energy integration [155,186]
(Reviewed 2006, 2013) into Nigeria’s power system and efficient use of other RES to diversify energy sources and ensure
energy security
National Economic Empowerment and 2004 e Supported a higher RE balance [186]
Development Strategy (NEEDS) e Proposed a RE agency and National Power Sector Reform Act-sponsored technology
National Power Sector Reform Act -NPSRA 2005 o Liberalized Nigeria’s power sector in response to the 2001 NEPIP’s new legislative and regulatory [155,186,187]
framework.
e Unbundled and Privatized the electricity sector
e Restricts licensee rights to the federal government to manage the deregulated energy market
e Facilitated the establishment of National electric regulation commission (NERC) and the Rural
Electrification Agency (REA)
Renewable Electricity Policy Guidelines 2006 o Expanded RE generation targets (5 % of total power generation by 2025 and 5 TWh) [186]
(REPG) e Defined RE development usage and policy aims, Prioritizing RE production and distribution
e Proposed cost-effective RE trust fund management
Renewable Electricity Action Programme 2006 o Cleared the playing field for RE providers, multi-sector alliances, demonstration projects and supply ~ [186]
(REAP) chain activities
e Investigated RE programme support
Nigerian Biofuel Policy and Incentives 2007 o Integrate agricultural activities with oil and gas activities [186] [155]
(NBPI) e Aimed to grow and promote the domestic fuel ethanol sector by using agricultural goods, gradually
reduce the nation’s reliance on imported gasoline, reduce environmental pollution and develop
financially viable businesses and sustainable jobs
Multi-Year Tariff Order (MYTO) 2008 & 2008 e The NERC created MYTO 1 in 2008 to cost-reflective pricing. Then MYTO II (2012-2017) [188]
2012 e MYTO determines reasonable prices for licenced energy producers to provide distribution and
retailing enterprises under the EPSRA (2005) Act
e No focus on renewable energy
Renewable Energy Master Plan (REMP) 2012 e Based on an increasing convergence of goals, concepts and aims of NEEDS, National Energy Policy, [186] [155]
2005, (Revised) 2012 National Policy on Integrated Rural Development, Millennium Development Goals (MDGs) and
international treaties to alleviate poverty and reverse global environmental change
e Promoted building grid, and off-grid RE integration, underlining the importance of solar energy
o Expected growth of RE generation from 13 % in 2015 to 23 % in 2025 and 36 % by 2030
e REMP expects 10 % of Nigeria’s electricity to be renewable by 2025
National Renewable Energy and Energy 2015 e Prioritized hydropower, biomass, solar, wind, geothermal, wave, tidal, co-generation, and energy [155]
Efficiency Policy efficiency
e Meant to be driven by community-funded RE systems. Established the National Energy Efficiency
Action Plans 2015-2030 (NEEAP)/National Renewable Energy Action Plans (NREAP)
Rural Electrification Strategy and 2017 e Supported the REA to increase energy availability quickly and cheaply 154], [157]
Implementation Plan (RESIP) e Demanding widespread adoption of grid and off-grid alternatives and access-based incentives
e Outlined the Nigerian rural electrification enabling framework.
The Nigeria Electrification Project 2018 o Nigeria’s most ambitious energy project yet with an estimated $1.215 billion portfolio investment [189]
e Breakdown: African Development Bank (AfDB)—$150 million (loan), Africa Growing Together Fund
(AGTF)—$50 million, World Bank—$350 million, Government of Nigeria—$5 million (counterpart
funding), Others (Private Sector)—$660 million (commercial financing)
e Policy goals: (i) 60 % rural power by 2020 and RE as rural development accelerator. Low-cost
equipment and operators. (ii) the government intends to improve energy access to rural and un-
derserved areas and deliver at least 10,000 MW (off-grid and on-grid) of operational capacity by 2020
Climate Change Bill 2021 e Incorporated RE strategies for Nigeria’s net-zero aim for 2050-2070 and five-year carbon budgets [190,191]
under a National Climate Change Action Plan
e The Federal Ministry of Environment sets the carbon budgets and the National Council on Climate
Change implements them
Nigeria Electricity Act 2023 e The Act repeals and replaces the Electricity and Power Sector Reform Act of 2005 and aims to [165]
establish a decentralized legal and institutional framework for Nigeria’s power sector, covering
electricity generation, transmission, distribution, and supply, as well as fostering the integration of
RE into the country’s energy mix
e Aims to facilitate an environment conducive to investment in the Nigerian Electricity Supply Industry
(NESD)
Appendix B. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.erss.2025.103938.
Data availability [2] N.V.Emodi, C.C. Emodi, G.P. Murthy, A.S.A. Emodi, Energy policy for low carbon
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Vanguard Newspaper. Accessed: Jan. 10 (2023) [Online]. Available: http
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