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ARTICLE INFO ABSTRACT

Keywords: Scaling up private investment in Decentralised Renewable Energy (DRE) is crucial for achieving universal
Decentralised renewable energy investment electricity access in sub-Saharan Africa. Tailored de-risking actions based on investors’ risk perceptions can
risks

facilitate investment. However, current literature provides a fragmented perspective of investor-specific DRE
investment risks. Through a multi-step participatory approach involving an online survey, focus groups, and
interviews, 40 multidimensional risk factors across six categories were evaluated using the analytical hierarchy
process, to establish their significance among four investor groups: development finance institutions, domestic
finance institutions, developers, impact investors. Overall, economic and financing risk categories emerged as
most critical, while social and environmental risks were least prioritised. However, risk factor priorities varied
among different investor groups, highlighting key mutual high-priority risk factors amounting to 37-58 % of risk
weighting including currency volatility, low access to low-cost capital, revenue risk, and insecurity. Limited
awareness of existing risk mitigation practices, cultural and behavioural barriers to energy use, and path
dependence were identified as influential risk drivers. Evidence-based risk mitigation strategies such as priority
sector lending mandates, portfolio aggregation, stronger policy implementation, social interventions, collabo-
ration, and capacity development are recommended to facilitate DRE investment. This study serves as a reference
for decision-makers to prioritise actions for catalysing DRE investment.
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PI Public institutions
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T4 Limitations in quality control (QC) and manufacturing capacity
T5 Uncertain load profile
T6 Inadequate infrastructure
T7 Uncertainty in site characteristics
WTP Willingness to pay

1. Introduction

The deployment of decentralised renewable energy (DRE) is crucial
to achieving universal electricity access and climate change targets in
sub-Saharan African countries (SSA), where over 550 million people
lack reliable electricity [1]. DRE involves small-scale off-grid, electricity
generation and distribution from RE sources near consumers. Examples
include solar mini-grids and standalone systems (SAS). DRE offers
economically and environmentally favourable solutions for 60 % of this
population — primarily due to the distance of the population from
existing grid infrastructure or its unreliability and the abundance of
renewable energy (RE) sources [2-4]. Despite the significance of DRE
achieving the sustainable development goal (SDG) 7 agenda of ‘uni-
versal access to affordable, reliable, sustainable and modern energy for
all’, IRENA [1] reveals DRE investment is inadequate, especially in SSA,
where only 25 % of the 2021 need was met.

Nigeria, accounting for >23 % of the SSA population without reliable
access, illustrates SSA countries’ broader challenges in bridging the gap
between ambitious SDGs and the requisite DRE investment levels. The
government aims to address electricity access alongside climate com-
mitments by targeting a 17-20 % RE contribution to the electricity mix,
allocating 5-12 % to solar photovoltaic (PV) technology, including solar
mini-grids [5]. Solar mini-grids represent up to 40 % of the US$35
billion DRE investment needs in Nigeria’s energy transition plan (ETP)
[6]; nearly equivalent to Nigeria’s 2022 budget, highlighting the need
for increased private investment amid competing development needs
[1]. This study focuses on solar mini-grids due to their prominence in
Nigeria. Despite abundant solar irradiation, policy developments and
funding programs such as the Nigeria Electrification Program (NEP), the
expansion of mini-grid investment remains constrained; limited by
barriers such as high cost of capital and poor consumer affordability.
Consequently, <10 MW was installed in 2022, falling short of the
planned 2.6GW for mini-grids by 2030 [6,7].

The necessary level of investment mobilisation requires increased
participation of various private investor groups [8]. Investment in
developing countries are perceived as high risk, driven by
location-specific factors and uncertainties, which impact costs and
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competitiveness [9-11]. Studies have thus identified unattractive
risk-return profiles contributing to low private investment in SSA
[12-14]. Risk-return profiles can be improved through holistic risk
management (RM) [15], encompassing identifying, analysing, and
evaluating multidimensional risks and their interdependencies, fol-
lowed by identifying effective risk mitigations, which can enhance
investor appetite [16-18].

Consequently, there is extensive risk evaluation literature for
renewable energy (RE) in developing and developed countries [15,19].
However, DRE risk literature in SSA countries is scant and presents a
fragmented approach to RM [15]. The studies often overlook multidi-
mensional perspectives encompassing technical, policy, political, mar-
ket, economic, financing, social, and environmental risk perspectives,
and their interdependencies [20-22]. Furthermore, the difference in risk
priorities across geographical locations [23,24] and among actors
[25-27], highlights the need for location-and investor-specific risk
studies. Yet, there is limited empirical data on evaluating diverse
investor perspectives of risk priorities and potential mitigations towards
mobilising investment especially in SSA countries such as Nigeria [15,
23-25].

Many studies have identified risks and barriers to RE deployment in
Nigeria. These include regulatory and policy uncertainty [20-22,
28-30]; market, political and economic constraints associated with
rentierism and their interactions [31]; economic and financing barriers,
such as non-cost reflective tariffs [20,29], collection losses [29], high
cost [20,29,30], limited access to financing [21,28,29,32]. Others
include social and technical barriers such as social acceptance and
insecurity [20,21], low technical skills [20,28] and potential for infra-
structure underutilisation [29]. The existing literature often addresses
these risks within specific, limited risk dimensions—technical [20,28,
29], economic [20,29-31], policy [20-22,28-30], financing [28-30,
33], political [28,29,31] and social perspectives [20,21]. Additionally,
the criticality of risks —though acknowledged in the literature — are not
systematically evaluated from the Nigeria DRE investor perspective. The
lack of holistic and systematic risk prioritisation among investor groups
can limit the development of targeted policies [34]. This study seeks to
address the questions: (i) what are the key risks for DRE investment in
Nigeria and how do they vary by investor group? (ii) how can the most
significant risks be effectively mitigated?

This study aims to apply a holistic RM framework [15] to evaluate
risks and identify mitigation strategies as perceived by four distinct
investor groups and other key DRE actors in Nigeria. It enriches the
understanding of investor risk perceptions in Nigeria’s DRE sector
through a participatory approach involving investors and other actors
and offers three contributions. Firstly, this study confirms relevant DRE
investor risks in a mixed-methods research and presents new empirical
data on the differences in risk priorities among investors (and other
actors). In contrast, the previous risk studies [20,35-37] predominantly
reviewed risks from a single investor perspective. Secondly, it reveals
empirical data on high priority risk factors for DRE investors in Nigeria.
Lastly, it enriches the literature by providing a nuanced understanding
of the shift in the risk landscape, risk drivers, and their potential miti-
gations. For example, unlike previous studies [20,21] which found social
and technical factors among the prominent risks, this study found eco-
nomic and financial risks as the high-priority risks. These outputs can be
valuable for policymakers, researchers, and investors offering insights
into priority risk mitigation actions as perceived by the investors.

1.1. Nigeria electricity sector

Nigeria’s electricity mix consists of a centralised grid supply (86 %
from thermal and 14 % from hydroelectric sources), alongside decen-
tralised generation from fossil and RE sources [38]. Of the 13 GW
installed grid capacity, actual supply is limited to 4-6 GW due to chal-
lenges such as gas supply, transmission, distribution, and revenue issues
[39,40]; while peak electricity demand, currently 24 GW, is projected to



Z.Y.I. Abba et al.

increase fivefold by 2030 [5]. Consequently, 127 million people—66 %
of Nigeria’s population, mainly in remote, rural, and peri-urban area-
s—experience either no (43 %) or unreliable (23 %) electricity access,
making DRE a viable solution (Fig. 1). The electrification gap is partly
addressed by private fossil fuel generators, providing an estimated
10-15GW of backup power annually, impeding net-zero goals [41].
Whilst a relatively minor component of the current electricity mix, DRE
deployment is expanding, supported by the ETP and evolving landscape
of policies and programs.

1.1.1. Policy landscape

The ETP has set ambitious targets for electrification aiming to ach-
ieve a clean energy transition towards carbon neutrality by 2060 and
SDG?7 in conjunction with sustainable economic growth [6]. Within the
ETP framework is the strategy to deploy 6.3GW of DRE by 2030. DRE in
Nigeria include mainly solar PV isolated mini-grids, SAS and inter-
connected mini-grids (IMG), which operate in underserved areas with
unreliable grid connections. In this study, isolated solar mini-grids and
IMGs are collectively called mini-grids. The ETP allocates 2.6GW for
solar mini-grids, equivalent to electrifying approximately 600,000 new
households annually [6].

The prior unbundling and subsequent privatization of Nigeria’s
power sector, initiated by the National Electric Power Policy of 2001 and
the Electric Power Sector Reform Act of 2005 (EPSRA), resulted in an
administrative structure that includes an independent power sector
regulator, the Nigerian Electricity Regulatory Commission (NERC),
responsible for regulating generation, transmission, and distribution for
grid and off-grid systems [43]. The Act facilitated policies, regulations,
and programmes supporting DRE deployment as illustrated in the policy
evolution timeline in Fig. 2. Key supporting regulations include the 2016
mini-grid regulations [44], which provided guidelines addressing
investor concerns such as licensing, consumer and investor protection,
and compensatory terms for grid arrival and cost-reflective tariffs,
facilitating private off-grid generation of up to 1 MW [20,45]. The
EPSRA established the Rural Electrification Agency (REA), which aims
to promote electrification through off-grid and grid extension in un-
served and underserved communities, offering technical and financial
assistance via the Rural Electrification Fund (REF). In 2017, the REF
guidelines were operationalised, implementing programs’ such as the
Nigeria Electrification Project (NEP), which offers capital subsidies and
technical assistance through competitive tenders for least-cost technol-
ogies. Recent regulatory developments include the Mini-Grid Regula-
tions 2023, which update and consolidate regulatory procedures for
isolated and interconnected mini-grids [46]. The Electricity Act 2023
[471, which replaced the EPSRA 2005, provides a comprehensive legal
framework for Nigeria’s electricity sector including integration of RE.
This act grants Nigerian states the autonomy to enact laws, issue licen-
ses, and establish power markets for electricity generation, transmission,
distribution, and supply within their respective jurisdictions. This en-
courages the decentralisation of electricity and empowers states to
develop strategies to meet their respective electricity demands.

1.1.2. DRE Funding
Before 2005, power projects in Nigeria were predominantly
government-funded and politically driven [48,49]. Today, mini-grid

! US$350 million World Bank and US$200 million African Development
Bank facilities, through the Nigeria Electrification Project (NEP) implemented
by the REA 1. Launch of the 1 billion Naira Bank of Industry Solar Energy Fund
to finance access to RE for micro, small and medium scale enterprises. 2. The
140 billion Naira Solar Connection Intervention Facility from Central Bank of
Nigeria to facilitate 5 million new, solar-based electricity connections in off-grid
communities. 3. Award of competitive tenders under the mini-grid acceleration
partial grant scheme funded by German Agency for International Development
through Nigerian Energy Support Programme (NESP)
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funding is a blend of public and private sources, primarily consisting
of grants and concessional debt facilities enabled by factors such as
lower technology costs, advancement in business models and the
implementation of policies such as mini-grid regulations [1,36,49].
Grants are primarily financed through national budget allocations,
regulatory fines, and development agencies. Concessional debt facilities
are provided by domestic or international development finance in-
stitutions (DFIs) [50]. Impact investment from international organisa-
tions offers an additional funding source, encompassing equity, grants,
and concessional debt. Domestic finance institutions (DomFIs) also
provide local currency debt financing, while project developers
contribute equity. Consequently, this study broadly categorises DRE
investors in Nigeria into four types: DFIs, Impact investors, DomFIs, and
developers.

1.2. Risk evaluation literature

Multi-criteria decision analysis methods such as Analytical Hierar-
chy Process (AHP) have been widely utilised to evaluate risk perceptions
due to their capacity to incorporate multiple actors’ perspectives [15,
19]. For instance, Kul et al. [35] employed AHP to determine that eco-
nomic and market risks were the most significant factors affecting RE
investment in Turkey. Conversely, AHP analysis in India [26] high-
lighted political, technical, financing, and environmental risks as
prominent, while in Nepal [37], economic, and political and policy (PP)
risks were deemed most crucial. These varying outcomes may be
attributed to differences in technological maturity, demographics,
resource availability, and country-specific risks influenced by geopolit-
ical factors, policy frameworks, and macroeconomic considerations [9,
16,35-371, emphasising the location-specificity of DRE risks. The risk
evaluation studies presented in Table 1, which assess risks from multiple
perspectives such as public agencies and industry experts, predomi-
nantly treat investors as singular entities. This study, however, broadens
the scope to encompass a diverse range of investors.

Adopting Painuly’s approach [51] to identifying risks involving
literature survey and participatory stakeholder interaction, this study
builds on risk factors identified in Abba et al. [15]. This was supple-
mented by further literature survey using the search terms ‘renewable
energy risk OR barrier Nigeria’ in the Scopus database revealing 40 risk
factors which were found to be potentially relevant to DRE in Nigeria
(Table A- 1). Fig. 3 presents the identified risk factors, in six risk cate-
gories: technical, economic, financing, policy and political (PP), social
and environmental (SE), and market risks, according to definitions in
previous studies [15,35].

2. Methodology

Effective stakeholder engagement and communication are crucial for
the success of RM, as per ISO 31,000 guidelines [52]. A participatory
approach was thus employed, creating an iterative framework involving
DRE actors to collect and evaluate data, and discuss its implications;
thereby increasing the relevance and acceptance of the analysis [53].
This participatory process could reconcile risk perspectives of diverse
groups, enabling a transition from subjective risk perceptions to
evidence-based and enhanced understanding of risk perspectives among
investors.

2.1. Data collection

Primary data collection for this study was conducted in two stages.
First, an online survey targeting investors (impact investors, developers,
DFI, and DomFI) and other stakeholders, including public agencies,
development agencies, engineering service providers, utilities and con-
sultants, was administered between August and September 2021
(Fig. 4). A purposive sampling strategy identified individuals with at
least five years of DRE sector experience (Fig. 5) through LinkedIn, email
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Fig. 1. Electricity Access Status in Nigeria.
Source: Data is from the World Bank [42].
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Fig. 2. Nigeria Power Sector Policy evolution and relevant facilitating programs for RE.

Source: Developed by the authors

outreach, and snowball sampling. The survey achieved a 59 % response
rate out of N = 138. After quality checks,” N = 70 responses were
analysed. While purposive sampling allowed targeted engagement, a
limitation of this study is the lower representation of impact investors.
This was mitigated by corroborating results in the interviews.

Second, semi-structured interviews (N = 17) and focus groups (N =
3) were conducted in July and August 2022; drawing from a subset of
willing survey respondents with a minimum of senior management level
experience and reflecting PIs and investor groups in the survey (see
Table A- 2). Additional participants (N = 3), such as the domestic
development finance group (DomDFI), were recruited through snowball

2 Excluded responses in quality checks: N = 8 did not meet the experience
level criteria and N = 4 surveys had significantly lower (1-5 minutes) than the
expected survey (15-20 minutes) completion times potentially impacting the
reliability of responses.

sampling further improving investor representation.

2.2. Methodological steps

This study used a mixed-methods approach [15,54] comprising three
steps depicted in Fig. 6: Online survey to establish risk factors, AHP to
evaluate risks, and a thematic analysis of interviews and focus groups
transcripts.® This study draws on interviews and focus groups to gather
feedback on AHP results and gain insights into risk drivers, in-
terdependencies, and mitigations thereby providing qualitative evi-
dence to support the quantitative results and corroborate findings.

3 While initially only focus groups were planned, some participants’ un-
willingness to participate in them necessitated using one-to-one interviews. The
use of focus groups alongside other qualitative methods in such instances has
been demonstrated in the literature (102).
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Table 1

Comparison of the number of RE risks or barriers and investor types evaluated in the literature.
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Investor type covered in the

study

Private investor type

Reference  Region Risk evaluation Number of risk Number of Developer ~DomFI  DFI  Impact Type not Utility Investor-specific
method or barriers actors investor specified (public, risk evaluation
categories and (including *public- carried out in the
(risk factors) investors) private) study?
[26] India AHP 4, [17] 1 X
[35] Turkey AHP and Fuzzy 6, [23] 4 X
weighted
aggregated sum
product
assessment
[36] Ghana AHP 5, [22] 6 X
[371 Nepal AHP 6, [22] 3 X
[27] South AHP 3, [13] 3 X X Yes
Korea
This Nigeria AHP 6, [40] 8 X X X X x* Yes
study
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Fig. 3. The hierarchical structure of DRE investment risks in Nigeria.
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Source: Abba et al. [9]The following sections present the methodology for establishing the risk priorities (Section 2), Section 3 presents and discusses the results of
risk priorities among different investors and recommends mitigations for the priority risks. Section 4 offers conclusions.

In the first step, survey respondents were asked to rate the six risk
categories and forty risk factors on a 5-point Likert scale according to
their relevance and importance (considering probability and impact) to
DRE investment in Nigeria (A.1 details the survey questionnaire). The
second step involved using AHP to evaluate survey results and establish
the importance of risks and risk factors (elements). AHP has been
applied, focusing on country risk studies [26,35] and country barrier
studies [36,37]. AHP involves pairwise comparisons of elements in a
hierarchical structure representing their relationships (Fig. 3) to estab-
lish weighted priorities among them. This study employs the alternative
AHP approach proposed by Kallas et al. [55] to assess preferences by
collecting direct ratings from respondents using a Likert scale. These
ratings were transformed into simulated pairwise comparisons using a
formula that approximates the traditional AHP scale. The weighting

process was performed using the traditional AHP geometric mean
approach based on these transformed comparisons as detailed in A.3.
While the authors [55] highlight weight differences from traditional
AHP results, priority levels were the same. Additionally, this method
significantly simplifies complex and time-consuming pairwise compar-
isons by respondents [55].

In the final step, interviews and focus groups were conducted phys-
ically and online, lasting 1-1.5 h each, and were audio recorded and
transcribed, ensuring informed consent was obtained. The participants
were asked the same questions (detailed in Table A- 4) to ensure con-

sistency. Interview responses

4

were anonymised and identified by a

* Focus group and interview responses are termed ‘interview responses’.
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serialised acronym of the interviewee’s group. Data analysis followed a
reinforcing approach [36], alternating between interview transcripts
and literature to corroborate and contextualise AHP results.

Additionally, the mitigation actions proposed by interviewees were
coded and thematically analysed following steps outlined by Braun and
Clark [56]; using NVivo software version 14. The coding framework was
informed by literature-based mitigation strategies and was adapted to
include emergent themes discussed by interviewees.

The analysis (detailed in A.4) involved identifying and assigning
codes to text segments related to actionable risk mitigation insights
within the transcripts. Subsequently, individual codes were aggregated
into broader thematic categories based on investor types, mitigation
strategies, and risks. Emergent themes were reviewed to identify pat-
terns, relationships, and discrepancies, leading to the refinement of
similar themes. The final themes were: (i) navigating currency risks, (ii)
enhancing financing mechanisms and capacity building, (iii) strategies
for improving project revenues and viability, and (iv) policy

implementation and enhancements.

3. Results and discussions
3.1. Prioritisation of risk categories

This section outlines the prioritisation of risk categories for the col-
lective group, representing the combined perspective of all survey re-
spondents, and individual investor groups. The CR of <0.1 reflects
consistency in the responses. From a collective standpoint, the economic
(28.8 %) and financing (28.8 %) risk categories took precedence, fol-
lowed by PP risks (17 %), technical and market risks (9.8 % each), and
SE risks (5.9 %) (Fig. 7).

While individual groups agreed on the low significance of the SE risk
category, variations emerged in other categories. For example, eco-
nomic risk was emphasised among international investors (DFI (44 %)
and impact investors (37 %)). Meanwhile, PP risks were additionally
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Methodological approach
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Fig. 6. Three-step methodological approach.
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Fig. 7. Prioritisation of risk categories for collective (all respondents) and individual groups.
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highlighted by developers (25 % each). In contrast, finance and tech-
nical risks (31 % each) were identified as the most crucial investment
risks for DomFI. Among other groups, the consulting group closely
aligned with DomFI risk perception (29 % each). PI identified economic,
financing, technical, and market risks (21 % each) as equally highest
priority.

The collective findings depicted in Fig. 7 contrast with results from
other countries. For instance, in Ghana, another SSA country, the pri-
mary barriers to mini-grid investment were within the political category
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[36]. This divergence could be attributed to Ghana’s mainly public
sector-led approach to mini-grid deployment, contrasting with Nigeria’s
involvement of both public and private sectors. Furthermore, the
Nigerian government’s political stability, and commitment, evident
through targets and advancements in RE policy development, may
contribute to reduced political uncertainty, therefore interviewees
didn’t see ‘[policy and political (PP) risks] becoming a future problem’
(D1001).

Notwithstanding the emphasis on political stability, the relevance of
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PP risks persists. Despite the presence of policy frameworks, their
inconsistent and bureaucratic implementation is underscored by poor
synergies between government agencies, as highlighted by:

‘Policy [implementation] is a challenge’...agencies are rarely on the same
page so it’s a struggle.” (D2001).

Consequently, poor policy implementation has led to value erosion
of up to ‘30 % of grants’ (D5001); highlighting the need for its
improvement.

The identified variations in risk priorities across countries align with
other studies [15,23,35-37], emphasising that risks are contingent on
location and necessitate location-specific mitigation strategies. Addi-
tionally, diversity of priorities among investors aligns with a previous
study [27], which evaluated solar PV investment risks in Korea from the
perspectives of two investors (financial investors and private utility
companies). The authors [27] revealed economic risk, encompassing
financing risks, was the most significant for both investors. However,
utility companies found policy risks as the second most significant
compared to technical factors for financial investors [27]. This un-
derscores the importance of policymakers considering investor-specific
risk priorities when formulating policies to attract investment.

3.2. Overadll prioritisation of risk factors

Following precedents [35-37], the overall AHP weights were derived
by multiplying a category’s weight by each risk factor’s weight within
that category. This section presents the collective perspective on the
overall relative importance of the 40 risk factors (Fig. 8). Additionally,

Table A-5 presents the risk factor priorities for both the collective
and individual groups within each risk category and overall.

Overall, FX volatility (9.59 %) was ranked as the first most signifi-
cant investment risk factor, followed closely by inadequate access to
low-cost capital (8.22 %). Revenue risk, collection losses, inability to
achieve a single off-taker effect and non-cost reflective tariffs were
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ranked equally in third place (4.80 % each). Apart from insecurity (2.85
%), the top five risk factors are rooted in the economic and financing
categories, collectively constituting over 50 % of the overall risk factor
weightings.

These findings diverge from extant literature in Nigeria [20,21,33,
571, which underscores technical and social risk factors, such as limi-
tations in quality control (QC) and manufacturing capacity (T4), limited
training and technical skills (T1), and low adoption. The disparities
could be attributed to advancement in the DRE landscape since the
previous studies, such as the development of policies facilitating DRE
[44], the introduction of standards for solar equipment, and the impact
of programmes e.g., capacity building through technical assistance
grants [58]. These shifts highlight the necessity of re-examining the risk
landscape to identify pertinent mitigations.

Following AHP evaluation, the results were discussed and corrobo-
rated in interviews. The following section analyses the top 50 % risk
factors overall, their variations among investor groups, and the under-
lying risk drivers, interdependencies, and mitigations.

3.3. Qualitative discussion of the top 50 % risk factors

3.3.1. EX volatility (E3)

E3 emerged in the top two risk factors in the economic category
(Fig. 9), and for all groups excluding DomFI. Specifically, E3 ranks high
for international investors ‘[considering] lending dollars to an entity that
earns Naira and the ability of that entity to change that Naira into foreign
currency to pay back [international obligations such as debt]’ (DF12001).
This effect is amplified by the long-term nature of DRE projects. Addi-
tionally, the procurement phase is impacted by E3, as imported hard-
ware can contribute to as much as 49 % of mini-grid costs [59]. This
impact is notably felt by local developers ‘who import.” (DFI3001).
However, E3 is less important ‘... if a lender is a local bank [DomFTI], it is
somebody else’s risk as to what that volatility is because you [debtor]
are paying them back in any case’. (DFI2001).
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These insights show that the importance of E3 for investors is
contingent upon factors such as the source of financing, currency
denomination, and the entity assuming the risk. This explains why E3
was not ranked as the top factor by DomFIs. While increasing access to
domestic financing, as proposed in the literature [9,60], may mitigate
exposure to E3 by addressing the currency mismatch challenge, it does
not eliminate the residual risk associated with the cost of imported
hardware, although a one-time occurrence.

3.3.2. Revenue risk (E1)

Collectively, E1 ranked as the third most crucial risk factor overall
(4.80 %) and second in the economic category (see Fig. 9). E1 may arise
from a low willingness to pay (WTP), collection losses (E2), the inability
to achieve a single off-taker effect (E4), and an uncertain load profile
(T5). This uncertainty in demand can be attributed to a poor under-
standing of customer usage patterns, ‘mainly because there isn’t data
enough [for] a load profile’ (DFI2001). Further, while low demand may
escalate project unit costs, rendering tariffs unaffordable, higher-than-
anticipated demand can significantly impact a project’s long-term sus-
tainability. This is because unmet supply expectations may prompt
customers to explore alternatives, resulting in lower adoption rates [11].
Additionally, T5 may be influenced by macroeconomic conditions, so-
cioeconomic factors, behaviours, and the ability to pay [11,60]. Mac-
roeconomic factors such as high inflation rates and socioeconomic
factors e.g., low commercial activities, can diminish purchasing power
[11,60,61]. In situations of limited financial resources, households tend
to prioritise more immediate needs, such as food and rent, over elec-
tricity, resulting in reduced investment revenues [62].

Furthermore, in rural areas, where mini-grid projects are predomi-
nantly implemented, communities often rely on ‘seasonal farming and
seasonal revenues’ (D2001), leading to irregular income [62] and,
consequently, unsustainable revenues can occur ‘in the first one or two
years [of operations].” (D2001). Moreover, some interviewees suggested
that behaviours, lifestyle, and cultural practices contributed to low
electricity utilisation, thus reducing demand and revenues. One inter-
viewee illustrated this point regarding rural residential customers:

I think it is more of their lifestyle; maybe some are minimising their usage.
For example, instead of using a blender, they prefer the manual means
they are used to. Some have TVs, but you find that they barely use a 1-kW
load’. (P1001)

However, the interviews also show that while rural consumers
‘desire the energy solution’, ‘they don’t have a lot of commercial ac-
tivity’ (D1001) to support productivity and affordability leading to the
observed low energy use behaviour. Consequently, an interviewee
observed decreased utilisation ‘as low as 20 % [...] because consumers
“manage” [ration] electricity’ (DomFI2001).

These findings align with research [63-65], which suggest genera-
tional scarcity —where individuals grow up in environments con-
strained by limited resources—reinforces cautious consumption
patterns. This scarcity mindset can create a sustained cycle of low de-
mand and energy underutilisation, hindering productive use, even when
electricity is accessible. Another factor influencing E1 is WTP for elec-
tricity, which can vary across locations and is influenced by factors such
as education level, income, productive activities, price of alternative
sources of electricity [11,66] and conflicting demands of greater ur-
gency [62]. Because of existing subsidies on alternative sources (grid
and fossil fuels), there is low awareness of the actual cost of electricity,
as ‘[customers] know the government says [grid electricity tariff] is
30-50 Naira/kWh’[...]; they do not understand ‘why [mini-grid tariff] is
180-200 Naira/kWh’ (D2001). This preconceived expectation of a low
tariff can affect the WTP for electricity. Additionally, some interviewees
noted that in instances where mini-grids were implemented as politi-
cally influenced constituency projects, there was an expectation within
the community that electricity is free’ (PF1001-1), as noted in the
literature [66,67]. Nevertheless, other interviewees indicated variation
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in this attitude as while ‘some [consumers] know that they should pay’,
others still believe it is ‘the government’s responsibility.” (PF3001-7).

The above findings highlight the relevance of E1 and its in-
terdependencies with T5, E4, and E2. Improving these interdependent
factors can positively impact E1.

3.3.3. Collection losses (E2)

The survey results revealed that overall, E2 ranked third (4.8 %)
aligning with DFI and Impact investor groups (Fig. 8). Similarly, within
the economic category, E2 ranked either second or third for all groups,
excluding the developer group, which ranked E2 as the most significant
(Fig. 9). However, a developer pointed out that ‘it used to be an issue’
(D3001), indicating disagreement regarding the current importance of
E2.

Additionally, interviews identified factors contributing to E2 such as
technical losses from the distribution system alongside ‘parasitic loads’
(D2001) such as metering equipment. Another cause of E2 is commercial
losses, which occur when projects are vulnerable to cash-payment
misappropriation because ‘everything is done [in] cash’ (D2001).
However, the risk has subdued over the years due to advancements in
financial technology, ‘metering and extension of telecoms infrastruc-
ture’ (PF3001-7).

Another contributor to commercial losses is electricity theft [68]. For
example, developers recognised ‘bypassing meters’ (PF3001). This
problem is frequent as ‘there was one time out of 27 connections in
[location], 20 were bypassed.” (D1001). Nevertheless, mini-grids offer
developers an advantage in facilitating easier system performance
monitoring for prompt intervention facilitated by their smaller scale,
‘the intimate knowledge of the customer and the ability to track [..] the
energy they use’ (DFI1001) compared to the centralised grid, where
electricity theft is more prevalent. However, despite measures, such as
‘smart meters [...] to reduce [E2]" (D4001), the risk remains considering
actions are taken retroactively. Moreover, according to an investor, E2 is
still relevant because of the lack of demonstration of consumer ‘WTP’
and ‘ability to pay’ (DFI1001) by developers. While the AHP results
indicate that E2 is perceived as a high priority for investors, interviews
with developers suggest best practices inherently integrated into the
projects mitigate E2. This discrepancy highlights a potential lack of
awareness among investors regarding the effectiveness of existing risk
reduction practices, leading to an inflated perception of risks. To address
this, historical project data demonstrating effective risk mitigation could
be made available to investors.

3.3.4. Inability to achieve single off-taker effect (E4)

Overall, E4 ranked third (4.8 %), equal to E1, E2, and E5. Among the
groups, only the impact investor group aligned with the overall result
(Fig. 8). In the economic category (Fig. 9), E4 ranked second among all
groups except the DFI group (E4 ranked third).

The creditworthiness of the off-taker, whether residential customers,
businesses, or communities, can impact a project’s viability [69,70].
Additionally, ‘depending on whether an identified cluster [off-taker], for
example, has productive use of power, [...], that has a large impact on
demand [and] the ability to pay’ (DFI001). This means varied off-taker
financial capacities and demand uncertainty levels, especially in rural
areas, can pose significant revenue risks and diminish the attractiveness
of the potential investment. Some developers have mitigated E4 risk by
structuring long-term ‘PPAs [power purchase agreements] to guarantee
revenues’ (D6001) with financially capable off-takers, such as industrial
customers and public sector institutions, a practice identified in the
literature [18,70]. PPAs are perceived to have a lower risk level than the
pay-as-you-go models deployed in rural communities, where limited
information on customers’ credit history is available. For such models,
the ‘cluster effect’ (D4001) could be achieved by selecting locations with
a ‘sufficient customer base, with some demonstrable ability to pay’
(DFI1001) e.g., commercial and industrial activities that may serve as
anchor loads.
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3.3.5. Non-cost reflective tariff (E5)

ES5 ranked third overall (4.8 %). Meanwhile, the developer group
considered it a lower priority, placing it sixth overall. Interestingly, E5
took precedence for DomFI in the economic category (Fig. 9). This high
importance for DomFI group may be attributed to their experience in
centralised grid financing, where non-cost reflective tariffs and low
revenue collection negatively impacted performance [40]. Additionally,
many projects in rural areas are subsidised by grants and concessional
financing, as such, the tariff structure of such projects may not reflect the
actual cost of development and operations [61].

In striving to achieve cost-reflective electricity tariffs, investors need
to balance timely cost recovery, sustainable operations, and reasonable
returns against customer expectations of affordable and fair electricity
tariffs [11]. Achieving this balance is challenging due to factors such as
high unit costs, and low intensity of use driven by low population den-
sity, demand, and affordability [11,70]. Nevertheless, developers
highlighted that mini-grid tariffs compare favourably, especially for
last-mile consumers ‘who pay more for [alternatives] such as petrol and
diesel generators’ (D3001) when considering cost and generation effi-
ciency holistically. However, this ‘benefit is not apparent to customers’
and suggests the need for developers ‘to demonstrate the cost reduction
opportunities’ (D3001).

Additionally, most developers considered E5 a low priority. This is
because the Nigeria mini-grid regulations [44] outline ‘cost-reflective
tariff’ (D4001) provisions for mini-grid capacities up to 1IMW. For
mini-grids with capacities lower than 100 kW, the regulation requires
developers to sign agreements with off-takers. However, negotiating
tariffs poses challenges for developers, because while ‘[some] rural
communities have never heard about or negotiated tariffs’ [...] ‘per-
i-urban [customers] are aware of the subsidised grid tariff, and it is
difficult to convince them to pay more’. (D2001). Further, registered
and permitted mini-grids of up to 1MW are subject to a multi-year tariff
order methodology. The methodology makes provision for
cost-reflective tariffs, considering up to 10 % technical and
non-technical losses and 6 % profit; thus allowing ‘for cost recovery’ and
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‘standardisation to the sector — [providing] a uniform plain field for fi-
nanciers, developers, [and] government’ (D3001). However, the regu-
lation [44] lacks explicit details on the tariff calculation process,
potentially undermining investor confidence.

3.3.6. Financing risk factors (F1, F2, F3, F4, and F5, and F6)

In the financing category (Fig. 10), collectively, inadequate access to
low-cost capital (F2) ranked first while high cost (F1), short loan terms
(F3), limited local financial sector experience (F4), limited financial
capacity and experience of developers/local investors (F5), and diffi-
culty accessing or repatriation FX (F6) all ranked second. Meanwhile,
overall, F2 ranked as the second (8.22 %) while F1, F3, F5 and F6 ranked
as the fourth (4.11 %), collectively. These risk factors are discussed
together due to their interdependencies.

Financing risks can hinder the ability to attract affordable finance or
recover investment [9]. DRE projects often face limited access to capital
(F2), which typically comes at a high cost (F1) with short loan tenors
(F3) [15,60,71,72]. Interviewees highlighted the importance of F2.
Challenges in securing domestic and ‘international capital’ (D3001)
were ascribed to investors’ high-risk perception [9,11,73], domestically
prevalent low ‘sleeping funds [liquidity] available’ (DomFI2001) and
‘high [interest] rates’ (D2001) [32,50,60]. High costs (F1) can be attrib-
uted to high capital expenditure (CAPEX). Factors driving F1 can include
costs related to inflation, financing, insecurity, FX transaction, impor-
tation and handling, and inefficiencies in policy implementation, thus,
‘increasing [developer] overhead costs’ (PF3001-7). Furthermore, in-
terviewees indicated barriers impacting F1, such as high collateral re-
quirements for financing whereby ‘[developers] are unable to provide
tangible collateral, and [...mini-grid assets] do not have a secondary
market” (DomDFI1001). This statement also emphasises the significance
of the limited financial capacity and experience of developers/local in-
vestors (F5) and the financial sector (F4) [9,60].

Interviewees noted that domestic banks have a low willingness to
invest in DRE projects. DomFIs tend to take the perspective of invest-
ment preservation by limiting their risk exposure, offering short — ‘two
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or three years’ (P1001) - loan terms (F3), which are unfavourable for
long DRE project life cycle. According to an interviewee, ‘past negative
experiences [of DomFIs and private equity investors]’ (DomFI2001),
such as low revenue collection and an inability to recover costs, from the
centralised power sector privatisation have led to low interest in DRE
projects. The distinction between the DRE sector and the grid power
sector is often overlooked. DRE projects are perceived and appraised as
similar to centralised grid power transactions. The interviewee sug-
gested a ‘need to repackage the DRE sector’ (DomFI2001) to garner
more interest. While the literature reports the challenge of low liquidity
impacts on Nigeria’s grid sector [40], its impact on DRE remains
underreported.

Additionally, the scarcity of data on the performance of DRE projects
hinders the establishment of benchmarks for mini-grid success. This lack
of benchmarks leads to situations whereby financiers ‘depend on their
[subjective] experiences’ (DomFI1001). Consequently, DomFIs may
categorise DRE similarly to grid power projects, resulting in biased
viability assessments. This bias results in the application of higher risk
premiums, reflected in interest rates of ‘23-25 %’ (DomFI2001). Such
practices can impact project costs and, tariffs, subsequently affecting the
affordability and sustainability of projects. These circumstances further
underscore the influence of path dependence on the risk attitude of some
investors — where historical decisions and interactions may impact the
evolution of a system e.g., historical investments in fossil fuel-based
technology may impact RE investment decisions [74,75].

Interviews underscored the importance of F6, particularly in the
execution of FX conversion and transfer obligations such as importation,
hard currency (HC) debt repayment and repatriation for international
investors, ‘who provide long-term concessional financing’ (DFI1001).
Although the DomFI group ranked F6 as among its most important risk
factors, an interviewee disagreed with the result as F6 ‘does not apply to
local entities’ (DFI2001). Nevertheless, local investors are affected by
challenges in sourcing FX from the government apex bank (CBN) for
obligations such as hardware importation. F6 has manifested in Niger-
ia’s aviation sector, where an estimated US $464 million was pending
repatriation [76]. This situation persists despite existing fiscal policies,
such as the Nigerian Investment Promotion Commission Act No 16 of
1995.° Hence, it is recommended that such policies’ implementation be
strengthened to instil confidence among investors.

3.3.7. Insecurity risk (SE5)

In the SE category, insecurity ranked the highest (Fig. 11) collec-
tively and within individual groups. However, despite its prominence in
specific groups, insecurity ranked fifth overall. Some interviewees
perceived ‘insecurity should also have a high number [ranking]’
(D1001) because of heightened insecurity at the time of the interviews
and its adverse consequence on investor appetite. Furthermore, inse-
curity can affect all project phases, thus escalating costs through
*additional insurance, like security insurance, [...] which was not part of
our cost structure prior’ (D3001).

A developer indicated ‘I won’t do a mini-grid in [state] for example’
because ‘... my team was ... attacked [there]. So, for now, for me [that]
state is no’ (D1001). This suggests the absence of security intervention
can lead to persistent underinvestment. Security intervention is thus
crucial for achieving access targets.

3.4. Investors’ risk priorities — comparisons and interdependencies

To facilitate a comparison of individual group perspectives regarding
the most significant risk factors overall, Table 2 presents a normalised
scale of risk weightings. The rankings follow a qualitative scale — very

5 The Nigerian Investment Promotion Commission Act No. 16 of 1995, en-
sures investors’ free importation and unrestricted foreign currency convert-
ibility with a certificate of capital importation (82).
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low, low, moderate, high, and very high - prioritised based on nor-
malised AHP weightings assigned to each group.

Notably, as with the collective view, all groups except DomFI found
E3 very high to high priority. Additionally, while high cost (F1) was a
low priority for DFI and Impact investor groups, the developer and
DomFI groups found F1 very high and high priority, respectively. This
discrepancy may be explained by the association of F1 with other eco-
nomic and financing risk factors such as revenue risks and short loan
tenors leading to variations in respondents’ views of F1.

The findings indicate that priorities differ among investor types due
to their distinct mandates, sources of financing, path dependencies,
operational scale, and risk appetites. For example, developers primarily
emphasise high costs, FX volatility affecting equipment importation
costs, and revenue risks arising from low ability to pay, collection in-
efficiencies. These risk factors are immediate and project-specific,
reflecting their frontline position in market operations and limited ac-
cess to affordable capital. DFIs and impact investors typically prioritise
long-term developmental outcomes and may tolerate lower returns.
However, they are more sensitive to macroeconomic conditions and
currency volatility due to hard currency funding. Notably, only DomFI
found technical risk factors a high priority among the investors. This
distinction could be attributed to advancements in DRE in Nigeria,
which DomFI may be unaware of due to their limited participation in the
sector.

Although risks depend on project scope, phase, resources, and ob-
jectives, Hu et al. [77] additionally emphasise that psychological,
behavioural, or institutional attributes and experiences can influence
risk perception. Such factors contribute to diverse risk perceptions
among groups. For instance, previous power investment experiences
have negatively impacted DomFI’s appetite for DRE projects (Section
3.3.6). The differences in risk priorities among investors emphasise the
importance of considering risks not only from a collective perspective as
done in previous studies [36,37] but rather, by incorporating investors’
specific views. This approach can enable the identification of the most
important risks to mitigate.

Therefore, in dealing with investments supported by multiple fund-
ing sources, decision-makers should address intersecting and mutually
exclusive risk factors (depicted in Fig. 12). For example, while SE5, E1,
F2, F3, and E5 are important to both DomFI and DFI groups, a broader
range of risk factors, which are individually important to DFI (E4, F6 and
E3) and DomFI (T1, T3, T4, T6 and F1), need addressing.

Furthermore, the interactions and dependencies between risk factors
(see Section 3.3.2) and feedback mechanisms can reinforce or exacer-
bate risks. For instance, an increase in investment risk can elevate risk
premiums and consequently project costs [16]. These can be further
exacerbated by insecurity and ineffective policy implementation,
contributing to financing risks and, consequently, higher investment
risk. This feedback loop, unless disrupted, can reinforce risk levels.
Another example is revenue risk—stemming from limited affordability
and non-cost-reflective tariffs—directly undermining debt service-
ability, particularly for developers lacking concessional finance. This, in
turn, increases their reliance on short-term or expensive capital, thereby
reinforcing limited access to affordable local finance.

Risk interdependencies may evolve with the dynamic nature of risks.
For instance, the priority of social acceptance could increase in the
future because of the limitation of QC, whereby unmet customer ex-
pectations might lead to reduced adoption rates [11]. These consider-
ations could facilitate more strategic identification of risk drivers and
relevant mitigations, providing a more sustained impact on multiple risk
factors. An emerging risk is increased market uncertainty amplified by
policy and regulatory fragmentation — potentially arising from the
decentralisation provisions of the Electricity Act 2023. When imple-
mentation timelines, tariff guidelines, or licensing terms vary across
states, developers could incur additional transaction costs when oper-
ating in multiple jurisdictions. This can impede project deployment or
investment. These interactions underscore the necessity for a
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coordinated approach to policy design and implementation that con-
siders risk interactions.

3.5. Investment risk mitigations and policy implications

Four main risk mitigation themes emerged from the thematic anal-
ysis of interview findings. Table 3 summarises the risk mitigation ac-
tions, highlighting interdependencies, identified from literature and
interviews, along with their enablers and potential to enhance
competitiveness for the moderate-to-very-high priority investor risk
factors (identified in Table 2). These risk factors account for 37-58 % of
the individual investor groups’ AHP risk weightings. The following
discussions focus on the mitigation actions for risks that at least two
investor groups deemed moderate priority or higher. These risk factors
comprise 37 %-58 % of the individual investor groups’ AHP risk
weightings.

3.5.1. Navigating currency risks

In this study, currency risks comprise FX volatility (E3) and difficulty
accessing and repatriating FX (F6). Policies that support local
manufacturing can reduce the impact of E3. Additionally, E3 can be
‘hedged’ (D1001) by adopting financing mechanisms that inherently
mitigate its effects such as concessional local funding [1,2] and through
tariff indexing to hard currencies or inflation rates via PPAs [9]. How-
ever, the latter option is typically reserved for ‘commercial customers’
(D6001).

Currency risk guarantee funds are another E3 mitigation where the
government covers the difference in exchange rates over a period [10,
78] using public funds or by charging fees to participants to access
guarantee funds. This approach can be used in small-scale projects but
may be expensive in the event of currency depreciation [79].

F6 has been managed via monetary policies such as guarantees of
convertibility and repatriation [10]. Other means of reducing F6 include
parent company cross-currency swaps [78], and cross-country portfolio
diversification [80]. Among the stated measures, enabling concessional
local financing and local manufacturing is crucial for DRE deployment.
Additionally, project aggregation may facilitate scaling and access to
mitigations such as hedging and guarantees.

3.5.2. Enhancing financing mechanisms and capacity building

Increased participation from the local finance sector could offer more
affordable financing options [9,10,60,70]; however, DomFIs have
limited experience and appetite to finance DRE projects (3.3.6). The
Nigeria Bureau of Statistics data [86] showed that <4 % of loans were
disbursed to the power sector in 2021, suggesting a reluctance to fund
power projects. Efforts should be made to differentiate between the grid
and DRE sectors, providing benchmarked performance data to instil
investor confidence and eliminate bias. Furthermore, ‘a policy statement
from CBN [requiring] that a portion of your loan portfolio as a bank
must be green’ (D4001) can be explored. Such policy, the Priority Sector
Lending (PSL) applied in India, where local banks allocate 40 % of their
lending to priority sectors, including RE, could be adopted [60,87].

Aggregating a spatially diverse portfolio across [88] or within [23,
66] countries, coupled with document standardisation [9,23,60], can
improve the risk profile by addressing financing and economic risks and
diversifying finance sources. However, an interviewee noted the limi-
tations of aggregation due to developer financial ‘capacity’ (D1001)
constraints. Co-lending can provide the opportunity to pool funds and
distribute risks among diverse investors interested in larger-scale
projects.

Portfolio aggregation enabled by collaboration among developers or
with  distribution companies (DisCos) additionally presents
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Table 2
Comparison of risk factor priorities among investor groups.
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RISK FACTOR

Developer

E1_Revenue risk

E2_Collection losses

E3_Foreign exchange volatility

E4_Inability to achieve single off-taker or
cluster effect

3.63%

3.63%

E5_Non-cost reflective tariff

F1_High cost

F2_Inadequate access to low-cost capital

3.63%

5.55%

F3_short loan terms

3.04%

F4_Limited local financial sector experience

F5_Limited financial capacity and experience
of developers/ local investors

F6_Difficulty accessing/repartriating Forex

3.04%

3.04%

P1_Insufficient policy/legal support framework

P2_Unclear regulation/guidelines

P3_Policy changes

P4_lack of policy implementation

P5_Duplicative policy development

P6_Inconsistent policy application

P7_Uncertainties in IMG regulations
implementation

2.36%

2.36%

2.47%

Domestic
financial
institution

5.00%

2.20%

2.20%

2.01%

P8_Grid extension uncertainty

2.36%

P9_Political changes/instability.

P10_Inadequate political will

P11_Adverse political events

T1_Limited training and research and
development

T2_Technical skills limitation

T3_Limitation in Developer’s capability

|1_|:Imltatl0n In QT and manufacturing
lcanacity

T5_Uncertain load profile

T6_Inadequate infrastructure

T7_Uncertainties in site characteristics

M1_Sensitivity of RE to fossil fuel prices

M2_Low competitiveness of RE due to
subsidies on alternatives

M3_lack of competitive hardware and labour
market

M4_Poor data availability

M5_Barriers due to regulations

M6_Uncertain market growth potential

SE1_Lack of social acceptance

SE2_Poor consumer awareness

SE3_Lack of integration of RE systems

SE4_Difficulty in acquiring land

SE5_Insecurity

4.02%

3.27%

2.03%

2.82%

3.08%

2.07%

2.05%

2.05%

2.05%
3.38%

3.38%

DFI Impact | 4|} Groups
Investor
4.80%
4.80%
4.38% 4.80%
4.38% 3.16% 4.80%
2.13% 2.51% 2.11%
5.54% 2.51%
5.54% 4.11%
2.51% 2.11%
2.51% 4.11%
5.54% 2.51% 4.11%
2.23%
2.71% 2.23%
2.13% 2.23%
2.13% 2.23%
2.23%
2.47%
2.47% 2.38% 2.21%
3.27%
3.27%
3.27%
2.49%
2.49%
2.49% 2.85%

Ranking/colour coding is defined by a normalised qualitative scale of green (very low priority <1.92 %), yellow (low priority >1.93-3.84 %), orange (moderate
priority >3.85-5.75 %), dark orange (high priority >5.76-7.67 %), red (very high priority >7.68 %). Table A-5 additionally provides results for the surveyed non-

investor groups.
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Development
Finance Institution

M4, M5, *F5, E4
Impact Investor

E3 Forieign exch volatility
1, T3, T4, T6, F1 E4  |Inability to achieve single off-taker or cluster effect
SE5 |Insecurity
F1 High cost
F2 Inadequate access to low-cost capital
F3 High cost
F6 |Difficulty patriating FX

omestic
Finance
Institution

E1 Revenue risk

P4 Lack of policy implementation
™ Limited trainingand R and D

T2 ical skills limitation

T3 Limitation in D per’s

T4  [Limitationin QC & capacity
T6 infrastructure

M4 Poor data

M5 Barriers due to regulations

Fig. 12. Focusing on the moderate to high-risk priorities among investors.

opportunities to overcome single developer capacity constraints, facili-
tating access to a wider pool of capital and experience. Furthermore,
government mini-grid tenders, which allocate single and aggregate sites
to bidders could be specially designed to aggregate project sites with
diverse socioeconomic characteristics. This approach can facilitate
regional portfolio diversification and reduce risks (E1, F1, F2, F5, T3,
and F3).

Moreover, concessional loans and technical assistance provided by
DFIs through DomFIs via on-lending structures have reduced exposure
to E3 and F1 whilst building local developers’ and banks’ capacity [1,
87]. However, access to concessional loans is constrained by ‘collateral
requirements’ (DomDFI1001). Collateral barriers can be alleviated by
developing an asset-backed finance lending facility, where the asset or
future cashflows can be used as collateral. This scheme requires the local
financial sector to assess the value of assets as collateral [79] and
develop a ‘secondary [asset sales] market’ (DomDFI1001). Further, to
enhance increased local developers’ participation, the government
could reduce entry barriers for new developers by providing a special
funding and technical support category while implementing monitoring
and evaluating efforts to ensure compliance.

3.5.3. Improving project revenues and viability

Interviews revealed that low energy utilisation, primarily due to
affordability and behavioural factors linked to generational scarcity,
impact E1. These behavioural implications are often overlooked in de-
mand and cost forecasts. To mitigate demand uncertainty, ‘robust ana-
lyses’ (D3001) are crucial for informed investment decisions. Addressing
energy underutilisation requires considering cultural and economic
contexts that shape consumer behaviour through targeted policies and
strategies. Economic policies should promote rural commercial devel-
opment through subsidies and financing for productive-use equipment.
Tailored ‘business development models’ (D2001), such as securing an-
chor customers and implementing the ‘key maker model’ (D2001) and
‘energy efficiency practices’ (P1001), could stimulate productivity and
improve affordability. Targeted social interventions, like ‘training and
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awareness [campaigns]’ (PF3001-7), can shift mindsets towards pro-
ductive energy use—reducing E1. Another ‘business development’
strategy, securing ‘community partnerships to improve asset security’
(D2001), could mitigate E1 and insecurity risks.

Additionally, leveraging international carbon markets can unlock
new revenue streams [60,89]. However, realising the benefits necessi-
tates supportive policies and institutional capacity, aligned with the
Nigeria Climate Change Act of 2021. Financial incentives, such as grants
allocated to rural areas, enhance a project’s viability and attractiveness
[60,73,90]. However, some interviewees raised concerns about the
sustainability of grant-funded projects, noting instances of nonfunc-
tional mini-grids within a few years of operation. Causal factors for
non-operational mini-grids include lack of a sustainability plan, poor
maintenance, and low utilisation [61]. This suggests that grant-funded
projects initially deemed viable for mini-grids might be more effec-
tively served by standalone systems. Therefore, in selecting technolo-
gies, project locations and allocating incentives, the outcome of the
least-cost studies must be weighed against location attractiveness and
risk factors. This approach can guide targeted policy and inform site
selection for developers.

3.5.4. Policy implementation and enhancements

This study recommends that policymakers focus on improving in-
centives and enhancing consistency in implementing and enforcing
existing policies. Although incentives are specified in the existing pol-
icies [50], the application is inconsistent in supporting the DRE elec-
trification targets. For instance, under the Customs Excise Tariff Act,
custom duty exemptions are limited to a few solar components [50].
Specifically, while solar panels without diodes are exempt, solar panels
with diodes are subject to import duties. To promote DRE, taxed com-
ponents such as solar panels and batteries (with taxes of 27.5 % [91]),
could be incentivised and reviewed periodically to stimulate domestic
manufacturing.

Additionally, the development of institutional capacity and inter-
agency cooperation within government could improve policy
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Table 3

Suggested mitigation measures for high priority risk factors (Source: 1- literature [17,81-85], 2- interviews and focus groups, 3- literature [17,81-85] and interviews).

Mitigation Instruments and Strategies Reference Relevant Mitigation Mitigation Impact on risk factor Impact on Enablers and
mitigation  applicability dt?plo.yed in Fl E3 E4 ES FL F2 F3 F5 F6 P4 SES M4 M5 T1 T3 T4 T6 Other competitiveness/ 1m.pr.ovem.er.nts t.o
themes to DRE Nigeria for . return existing mitigations

DRE? risk
factors

Fiscal & financial RE Feed-in-Tariff 1 T3-4 P N + + + + + + + Increase minigrid

instruments (indexed) threshold and

implement REFiT
for IMGs

Public Investments, 3 T1-2 Y Y + + + + + Enable new

concessional loans, developers through

grants, capital subsidy, technical support

financing for and less stringent

productive-use funding criteria

equipment

Guarantees, Insurance 1 T1-2 P N + + -+ + + + Portfolio

e.g., for payment and aggregation could

currency enable required
transaction size to
enable this
instrument.

Incentives/ tax 3 T2-4 Y Y + + + + + Review and extend

reductions, e.g., VAT/ the application of

import waivers tax incentives across
RE components

Currency hedging 1 T1-2 N N + + + + Applicable to large-
scale projects for
short-term. Could be
enabled by
aggregation

Free transferability of 3 T1 Y Y + + + + Establish RE as a

foreign investor returns priority sector for
transfers

Market-based Carbon certificates/ 1 T2-4 Y N + + + + + Develop emissions

Carbon Market trading framework

Carbon Tax 3 T2-4 Y N + + + + + and alignment with
existing policies and
institutions

Regulation/ Renewable Portfolio 1 T4 Y N + + + Requires

guideline Standards or enforcement of

obligations, Tradable existing RPO

RE certificates regulation

Tendering 3 T2-3 Y Y + + + + + Incorporate spatial
diversification and
portfolio
aggregation in
tender design

Net metering/ Virtual 1 T2-3 Y N + + + + Requires update in

Net metering regulation and
supporting
infrastructure

“Administrative/ legal 2 T3-4 Y Y + +

provisions

Technical standards 3 T3-4 Y Y + + + Enable procurement

aggregation

(continued on next page)
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Table 3 (continued)

mI09qY TAZ

LT

Mitigation Instruments and Strategies Reference Relevant Mitigation Mitigation Impact on risk factor Impact on Enablers and
mitigation  applicability  deployed in competitiveness/  improvements to
themes to DRE Nigeria for El E3 E4 E5 F1 F2 F3 F5 F6 P4 SE5 M4 M5 Tl T3 T4 T6 cher return existing mitigations

DRE? risk
factors

Non-traditional On-lending, local 3 T1-3 Y Y + + + + Implement priority

financing financing sector loan mandate

for RE

Co-lending, blended 3 T2-3 Y Y + + + + + Portfolio

finance aggregation and
diversification

Asset-backed finance 3 T2-3 Y N + + + + Secondary market

lending facility and financial sector
capacity
development

Other “*Institutional and 2 T2-3 Y Y + + + + + + 4+ + o+ +

manufacturing capacity

development and

Infrastructural

investment

Social intervention 3 T3 Y Y

campaigns for demand

stimulation

Partnerships- 2 T1-4 Y Y + + + + + + + + + + + + + Aggregation of

community, disco- projects and

developer, financiers partnerships to
enable risk sharing
and security.

“**Business models 3 T2-3 Y Y + + 4+ 4+ o+ + +

Spatial portfolio 3 T2-4 Y N + + 4+ 4+ + + Regulation to

diversification and support aggregation

aggregation

Medium-Very High Developer e o e o e o o

risk for DomFI . e o o o . o o o o
DFI e o o o * o . .
Impact Investor o o . . . .

Mitigation Themes: T1- Navigating currency risks, T2-Enhancing financing mechanisms and capacity building, T3-Improving project revenues and viability, T4-Policy implementation and enhancements.
Y -applicable, P -applicable in some instances, N -not available/ applicable, Y™ -available requires improvement.
+ positive, - negative, + mixed impact, e applicable.

" Administrative and legal provisions e.g., regulation, licensing, grid arrival, land use,.

" Capacity development: awareness, training, manufacturing, benchmarked performance data.

“* Business models: Productive use, demand stimulation, robust forecasting, anchor customers, cross-subsidy, segmentation, site and technology selection.
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implementation consistency. Some interviewees recommended a dedi-
cated ‘service desk’ (D3001) in each agency where issues are reported,
tracked, and promptly resolved to reduce bureaucracy. This approach
has enhanced licencing efficiencies within the ‘regulatory agency’
(D3001).

While the mini-grid regulations offer a promising avenue for
expanding electricity access in underserved areas through existing Dis-
cos’ distribution networks, PIs noted implementation challenges. Dis-
Cos, with their concession rights, often exhibit reluctance ‘to deal with
mini-grid developers’ (PF3001-3). However, as one interviewee noted,
DisCos could play a crucial role in reducing investment costs by
‘socialising distribution cost’ (PF3001-3). To aid synergy between de-
velopers and DisCos, a review of the existing regulations is recom-
mended. For instance, the lack of enforcement of renewable purchase
obligation (RPO) regulations [92] which stipulates a 50 % RE target for
DisCos and generation companies diminishes its potential impact to
encourage such synergies. India’s experience demonstrates the effec-
tiveness of a strict renewable RPO policy, resulting in 42-65MW of in-
cremental DRE and large-scale solar capacity for every percentage point
of RPO [85].

Despite the mini-grid regulations’ allowance for cost-reflective tar-
iffs, revenue risks persist. Feed-in-tariffs (FiTs) have been globally
employed to incentivise investment in higher-cost RE technologies by
guaranteeing reasonable returns [20]. The RE FiT 2015 (REFiT), appli-
cable to new grid or distribution network-connected RE technologies
(1-5MW), ensures grid access and purchase obligations by the bulk
electricity trader and DisCos. While REFIiT doesn’t directly cover
mini-grids, extending REFiT to aggregate portfolio interconnected
mini-grids (IMGs) exceeding 1MW could make them eligible for REFiT,
mitigating E1. However, Ozeogwu et al. [57] caution that high solar FiTs
can hinder adoption and recommend subsidising them.

4. Conclusion and policy recommendations

This study addresses the paucity of empirical data on risk priorities
among diverse DRE investor groups — developers, DomFI, DFI, and
impact investors. In contrast, previous risk studies primarily focused on
a single investor perspective. Employing a participatory and mixed
method approach facilitated the identification and evaluation of 40 risk
factors across six categories, including 13 risk factors including revenue
risk and FX volatility— not previously high-graded in the published
literature for Nigeria [20,21,33,57].

This study highlights the high priority of economic and financing
risks. It reveals distinct variations in risk prioritisation among investor
groups, necessitating tailored de-risking strategies. Common high-
priority risks, such as currency risks, revenue risks, insecurity, and
policy implementation, collectively account for 37-58 % of the risk
weighting. While the recent Electricity Act 2023 aims to encourage in-
vestments, its decentralisation provisions could introduce increased
market uncertainty due to policy and regulatory fragmentation during
implementation. This study offers a nuanced understanding of risk fac-
tors’ drivers from the investor perspective, highlighting critical

Supplementary materials
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influencing factors such as low energy utilisation linked to affordability
and generational scarcity, low awareness of the effectiveness of risk
mitigation practices and path-dependence informed by past experiences
of DomFIs. To address these challenges, there a is need the dissemination
of benchmark DRE performance data to investors, and the enhancement
of energy utilisation through interventions that extend beyond economic
policies to include targeted social awareness programs aimed at shifting
mindsets toward productive energy use.

Further evidence-based policy mitigation measures and enablers
include:

e Improving access to FX and managing FX volatility through domestic
financing mandates and local manufacturing support.

Enhancing policy implementation and inter-agency coordination to
reduce barriers.

Implementing policies e.g., enabling RPO, portfolio aggregation and
regional diversification.

Fostering collaboration among DisCos, developers, financiers, and
communities.

Enabling carbon markets and implementing robust planning and
risk-adjusted technology and location selection.

An important area for future research is quantifying the impact of
these mitigation measures on investment decisions and electricity access
targets, considering system interactions. This approach could equip
policymakers with a tool to test proposed measures before imple-
mentation. Overall, this study provides valuable insights for decision-
makers to understand investment risks and prioritise actions to catal-
yse DRE investment, a crucial step towards improving electricity access.

CRediT authorship contribution statement

Z.Y.I. Abba: Writing - review & editing, Writing — original draft,
Validation, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. N. Balta-Ozkan: Writing — review & editing, Su-
pervision, Conceptualization. G. Drew: Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

The first author thanks the Petroleum Trust Development Fund
(PTDF) Nigeria for supporting this research through its scholarship
programme. Additionally, the authors would like to express their grat-
itude to the various experts for their insightful comments and support.
Partial research time for Balta-Ozkan is funded by UK Engineering and
Physical Sciences Research Council award EP/V006592/1.

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.rset.2025.100112.

18


https://doi.org/10.1016/j.rset.2025.100112

Z.Y.I. Abba et al. Renewable and Sustainable Energy Transition 7 (2025) 100112
Appendix
Risk categories and risk factors

Fig. Al, Fig. A2, Flgure A3, Table Al, Table A2, Table A3, Table A4, Table A5

Table A-1
Risk factor definitions and a comparison of risk factors in this study with previous studies. Adapted from [15].

Risk Factor

Definition

Risk identified for
Nigeria in literature

Risk identified in
this study

Reference

Economic risks
El Revenue risk

E2 Collection losses

E3 Foreign exchange (FX) volatility

E4 Inability to achieve single off-taker or

cluster effect
E5 Non-cost reflective tariff
Finance risk
F1 High cost

F2 Inadequate access to low-cost capital

F3 Short loan terms

F4 Limited local financial sector
experience

F5 Limited financial capacity and
experience of developers/ local
investors

F6 Difficulty accessing/repatriating Forex

Policy and Political risks
P1 Insufficient policy/legal support
framework

P2 Unclear regulations/guidelines
P3 policy changes

P4 lack of policy implementation

P5 Duplicative policy development

P6 Inconsistent policy application

P7 Uncertainties in IMG regulations
implementation

P8 Grid extension uncertainty

P9 political changes/instability.
P10  Inadequate political will
P11  Adverse political events
Technical risk

T1 Limited training and R&D
T2 Technical skills limitation

T3 Limitation in Developer’s Capability
T4 Limitation in QC & manufacturing

capacity
T5 Uncertain load profile

T6 Inadequate infrastructure

T7 Uncertainties in site characteristics

Market risk

M1 Sensitivity of renewable energy (RE)

projects to fossil fuel prices

M2 Low competitiveness of RE due to

subsidies on alternatives

Results from default by off-taker, unwillingness to pay, low
affordability, seasonal income etc

This could be a result of technical, financial, and behavioural
factors that lead to non-revenue-generating consumption.

FX volatility results in a mismatch between revenues
denominated in local currency and hard currency-
denominated obligations

Limited creditworthy off-takers impacting project viability
and revenues

Unattractive regulated tariff

High initial cost, unaffordable tariff

limited access to affordable finance due to factors like
liquidity constraints, experience, high interest rate

A mismatch between short loan tenors and project lifetime.
Limited experience in the financial sector

Limited financial capacity and execution capabilities of
developers. Domestic investors’ lack of familiarity with RE

1. Inability to convert local currency into hard currency due to
Government action or inaction
2. restrictions to repatriate funds add uncertainty to investors

Insufficient supporting policy frameworks and incentives.
Complex Institutional structures with overlapping
responsibilities

Impact of unclear guidelines

Legislative changes/ retroactive change in policy

Policy and regulatory uncertainty due to non-implementation
of existing policy

Impact of duplicative policies and institutions

Policy and regulatory uncertainty due to inconsistent policy
application

Uncertainties in implementing interconnected mini-grid
regulations (IMG)

Uncertainty in grid extension plans and technical regulations
for integration of mini-grids into the main grid

Effect of political changes, e.g., reshuffling of institutions,
changes in Government

Political decision-making and target-setting impacted by
political will

Political events that adversely impact the value of investment
(e.g., war, breach of contract)

limited training and R&D in RE

Limited technical skills and capacity in operations and
maintenance

limitations in developers’ experience in executing projects
Limitations in the quality control and availability of hardware

Poor understanding of customer needs or usage patterns
leading to variability in demand

lack of supporting infrastructure, and facilities and inadequate
access to project locations

Uncertainties in estimating power potential and its variability

Sensitivity of competitiveness of RE to changes in prices of
conventional energy sources
Impact of subsidies on alternatives on RE competitiveness

19

[11,23,24,27,29,
69,93]
[11,29]

[9,23,24,68,69,
94,95]

[11]
[11,20,29,66,77]
[20,29,30,71,93,
95-97]
[9-11,21,27,28,
71,93,98]

[9,93,96,97]

[9,93,96,97]

[71,94]

[20-22,28,31,
77,96-99]

[21]
[21,24,28,88,98,
100]
[11,21,93,101]

[11,21,28,71,93,
100,101]

[101]
[11,22,23,71,93]
[21,22,24,93]
[71,97]
[9,94,97]

[21]
[9,11,20,21,23,
28,66,97,99]
[23,66]
[20,23,28,97]
(66,711

[71]

[9,20,24,27,68,
71,96]

[20,68,69,71,95,
99,1001
[24,98,99]

(continued on next page)
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Table A-1 (continued)
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Risk Factor Definition Risk identified for Risk identified in ~ Reference
Nigeria in literature this study

M3 lack of competitive hardware and Limitations in the availability of competitive labour and .

labour market equipment locally
M4 Poor data availability Limited market and consumer data availability . . [10,22,93]
M5 Barriers due to regulations Regulatory barriers to market access and competitiveness . . [21,28,31,98]
M6 Uncertain market growth potential Uncertainty in market growth potential due to uncertain . [98]

demand, market size and potential

Social and environmental risk
SE1  Lack of social acceptance Public resistance to adopting RE technology . . [21,23,24,96]
SE2  Poor consumer awareness Poor awareness of solar benefits . . [21,71,96,97]
SE3  Lack of integration of RE systems Poor integration of RE into the energy mix . . [21]
SE4  Difficulty in acquiring land/ Difficulty in acquiring land, competition with land uses . . [20,24,69,97]
SE5 Insecurity Instability caused by security and social events, e.g., riots. . . [20,24,94,97]

Insecurity of infrastructure

Online survey questionnaire

Name:

Email:

Organisation:

PART A: General information

1. Which of the following best describes your organisation?

a
b
c
d.
e
f.
8

. Developer
. Financial institutions such as development finance institution, commercial bank etc.
. Investor — Equity provider

Investor — Debt provider

. Consulting and other professional services

Public agency e.g., Regulator, Ministry, legislative

. Other - please state.

2. What is your age range?

a
b
c.
d
e

. 18 — 25 years
. 26 — 35 years

36 - 50 years

. 51 — 60 years
. > 60 years

3. What is your gender?

a.
b.
c.

Male
Female
Prefer not to say.

4. What is the length of your industry experience?

o N T

. 0—5years
. 5-10 years
. 10-15

15-20

. > 20 years

5. How would you describe your position in your organisation?

o AN T

. Entry level

. Junior level

. Middle management
. Senior management
. Executive /board member Other (please specify

6. Which of the following best describes your organisation?

—- T - D AN T

. Developer
. Domestic financial institution e.g. commercial banks, microfinance banks etc.

. International financial institution e.g. commercial banks, microfinance banks etc.
. Private equity firm
. Development finance institution / Multilateral development bank
. Impact Investor
. Consulting and other professional services

. Public sector institutions e.g., Regulator, Ministry, legislature. Please indicate.
. Other - please specify.

PART B
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Private investor risks

Several risks that need to be considered in renewable energy system investments have been identified in the literature. These risks can be specific to
location and application. In this section, you will be asked to rate the applicability of risk factors grouped into 7 categories in terms of their importance
to investments in DRE in Nigeria

1. Please identify the applicable system to which you will be ranking risk factors in the next set of investment risk questions.
2. Please rate each of the following risk factors in terms of the extent to which they impact DRE investments in Nigeria (Please rate from 1- not
important to 5-extremely important)

A Risk categories Importance N/

1 2 3 4 5

a Technical risk (These are risks that impact the design and therefore efficiency, cost, longevity, and profitability of the project

b Policy/regulatory & political risk These are uncertainties in revenue, cost or development of the project due to changes in legislation,
policies or regulations, political events

c Financing risk These may arise from barriers in the financial environment e.g., low access to low-cost capital, inability to source local
currency funding etc. that affect the revenue, cost and sustainability projects

d  Economic risk (These may arise from changes in the economic environment e.g., currency fluctuation, ability to pay etc. thereby affecting the
sustainability of the project)

e Market risk (These may arise from uncertainties brought by variation or limitations in markets such as market access barriers, competition
etc.)

f Social and environmental risk (These may arise due to changes in social conditions and potential impact on the environment)

3. Please rate each of the following risk factors in terms of the extent to which they impact DRE investments in Nigeria (Please rate from 1- not
important to 5-extremely important)

A Technical risk factors Importance

1 2 3 4 5 NA

Limitation in training, research and development capacity.

Low availability of technical skills during construction, operations and maintenance phases.

Limitation in developer’s capability to effectively execute projects.

Limitation in the quality control of hardware and manufacturing capacity.

Uncertain load profile due to variability in demand, uncertainties in population distribution patterns etc.
Inadequate infrastructure and collection systems e.g., roads, mobile payment technologies.

Site characteristics such as gradient, resource variability

Other, please specify

W =0 e a0 oa

Social and Environmental risk factors Importance

1 2 3 4 5 NA

Lack of social acceptance or resistance to change.

Poor consumer awareness of renewable energy benefits

Lack of integration of renewable energy systems to support the development of host communities
Difficulty in acquiring land/ competition with land uses

Insecurity

Other- Please specify

Al aa o oa

Market risk factors Importance

1 2 3 4 5 NA

Sensitivity of competitiveness of renewable energy to prices of traditional fossil sources.

Low competitiveness of renewable energy due to subsidies on alternatives e.g., grid electricity
Market access barriers - lack of competitive hardware and labour market

Poor market and consumer data availability

Market access barriers - regulations e.g., taxes, tariffs

Uncertain market growth potential

Other- Please specify

g|e v o a0 oa

Financing risk factors Importance

1 2 3 4 5 NA

iS)

High initial investment cost
b Inadequate access to low-cost capital
c A mismatch between short loan terms and long project lifecycle

(continued on next page)
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(continued)
D Financing risk factors Importance
1 2 3 4 S5 NA
d Limited local financial sector experience in renewable energy
e Limited financial capacity and experience of developers/ local investors in renewable energy
f Difficulty in accessing foreign exchange and repatriation of funds to foreign investors
g Other- Please specify.
D Economic risk factors Importance
1 2 3 4 5 NA
a Revenue uncertainty due to low affordability, demand variability, lack of willingness to pay etc
E Collection losses due to line tampering, theft, and non-payments.
c Foreign exchange volatility leading to cost-revenue mismatch.
d Inability to achieve single off-taker or cluster effect for off-takers to diversify and achieve scale
e Inability to charge cost-reflective tariff
f Other- Please specify.
E  Political risk factors Importance
1 2 3 4 5 NA
a  Effect of political changes or political instability
b  Inadequate political will to diversify into renewable energy.
c Political events that adversely impact the value of investments (e.g., war, civil disturbance, currency inconvertibility, breach of contract, non-
honouring of obligations)
Other- Please specify
Policy/regulatory risk factors Importance
1 2 3 4 5 NA

S)

Insufficient or undefined policy/legal frameworks to support investments e.g. tax incentives, efficient processing of permits, licences &
approvals, strong regulator, competing incentives.

Unclear regulations with inadequate guidelines)

Retroactive policy changes

Poor/ lack of policy implementation

Duplicative policy development through institutions with overlapping responsibilities

Inconsistent policy application

Uncertainty in the implementation of regulations for the interconnection of mini-grids into the main grid

Uncertainty in grid extension plans

Other- Please specify

~ 30 N Q06 o

Please respond to the following question before finishing the survey.
Would you be open to participating in a follow-up interview on this topic?
Yes, contact me via the email provided in the earlier part of this survey
Yes, contact me via this email, No

Table A-2
Classification of interview and focus group participants.

Group Description of interviewees Focus group participants. % Interview participants %
(N=3) N=17)

Developer Chief executives/founders - 6

PI (2 groups) Senior and management officials of public agencies for policy development, regulation, 10 3
implementation 4

DFI Senior management officials of international development finance institutions involved in risk - 5
management and infrastructural development

DomDFI Middle and Senior management officials of domestic development finance institutions involved in 3
infrastructural development

DomFI Senior management officials of domestic finance institutions involved in RE and power financing - 2

Impact Executive management officials of impact investment firms involved in financing RE impact - 1

Investor investment in Nigeria

AHP methodology: Calculation of AHP risk priorities (weightings)

The alternative AHP methodology [55] entailed collecting preference data via a 5-point Likert scale, wherein respondents provided direct ratings
of the importance of risks and risk factors. Ratings ranged from 1 (Not Important) to 5 (Extremely Important). These scores were subsequently

transformed to simulate the judgement, 4; of the traditional AHP pairwise comparisons through the formula:
éij = ‘SCik — SCjkl +1

Where:

Sci: Score assigned by respondent k to risk or risk factor descriptor i
Scjx: Score assigned by respondent k to risk or risk factor descriptor j
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The transformation results in simulated pairwise comparison values, which are then utilised to calculate weights, wy via the geometric mean
approach:

NP i=NP
Wik = l_L.:1 Qijk Vik

Where:

a;: is the pairwise comparison value between attributes (risk categories) and levels (risk factors)
N: is the number of attributes (risk categories)
P: is the number of levels (risk factors)

The calculated weights are normalised to ensure that their sum equals 1. This approach offers a substantial reduction in the number of required
comparisons to relative to the traditional AHP methodology, thereby streamlining the evaluation process. The employed approach provides a viable
alternative to the traditional AHP method, offering simplicity. Although the method yield comparable rankings, discrepancies in weight estimates
indicate areas for methodological refinement [55].

The consistency of weight estimates was determined using Eqs. (1) and 2.

Aw = Amax x w (@)

where A is the comparison matrix, w is the Eigenvector of size n x 1 or priority vector, and Ayqy is the maximum Eigenvalue.
The degree of consistency of the estimation (consistency ratio, CR) was determined using Eq. (2).

CR = CI/RI 2
Where CR <10 % indicates an acceptable level of consistency in judgements.

CI = (Amax — n)/(n-1), and the random index (RI) is used as the consistency index when the matrix entries are random [37]. The standard values of
RI are shown in Table A-3.

Table A-3
Standard values of random index.

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0 0.52 0.89 1.25 1.35 1.4 1.45 1.49
Table A-4
Interview and focus group questions.

Purpose Question

General Can you tell us about your background and expertise?

Validation The outcome of risk priorities in relation to their impact on DRE investment in Nigeria is presented. Do you agree with the priorities and why?

If not, what other factors are important and why?

Risk drivers What are the possible drivers for these risk factors?

Interdependencies What are the interactions between the factors?

Mitigations How could the top risks discussed be mitigated?

Qualitative Analysis

Following a previous approach [1], data was analysed by alternating between interview transcripts and the literature to provide context to
quantitative AHP results. Additionally, the mitigation actions proposed by interviewees were coded and thematically analysed. The thematic analysis
of interview transcripts was conducted in accordance with the steps outlined by Braun and Clark (142). This process was initiated by an extensive
review of the transcripts, focusing on risk mitigation strategies, with the aim of understanding and contextualising the responses provided by the
interviewees. Following this initial review, the coding phase was executed using NVivo software version 14. The coding framework was initially
informed by mitigation strategies outlined in the literature, serving as a preliminary guide. Additionally, the analysis was receptive to emergent
strategies discussed by interviewees, ensuring that further codes and insights were captured. Coding involved identifying and assigning codes to texts
specifically related to actionable insights for risk mitigation within the transcripts.

The subsequent phase involved the aggregation of individual codes into broader thematic categories. This process was guided by the interviewee
types, the nature of the mitigation strategies proposed, and the specific risk categories addressed. By comparing codes, identifying connections and
commonalities, similar codes were grouped together to form broad themes. In the fourth stage, the emergent themes were reviewed. This involved an
examination of patterns, relationships, and discrepancies within and between themes. This facilitated the refinement of themes, where similar themes
were merged and appropriately renamed to reflect the underlying data. The final themes were: (i) navigating currency risks, (ii) enhancing financing
mechanisms and capacity building, (iii) strategies for improving project revenues and viability, and (iv) recommendations for policy implementation
and enhancements. These themes were reflective of the diverse DRE risk mitigation strategies and insights shared in the interviews.
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Table A-5
Risk factor priority overall ranking (AHP results) by respondent groups and indications of priority changes identified in interviews.

Consulting and Public Other -

Impact other Eng. Development ALL
. sector :
Investor professional institution Services agency Groups
services. and utilities

Domestic
RISK FACTOR Developer financial DFI
institution

3.63% 2.54% 4.80%

E1_Revenue risk

0/ 0 0 10/
E2_Collection losses 2.99% 2.54% 2.53% 4.80%

E3_Foreign exchange
volatility

E4_lInability to achieve single 3.63% 4.38% 2.43% 2.99% 2.54% 2.53% 4.80%
off-taker or cluster effect
E5 Non-cost reflective tariff 3.63% 5.00% 4.38% 3.16% 3.91% 2.99% 4.80%
F1_High cost 2.13% 2.51% 2.99% 2.31% 4.11%

F2_Inadequate access to
low-cost capital

F3_short loan terms 3.04% 5.54% 2.12% 2.99% 3.11% 4.11%

5.55% 5.54% 2.51% 3.94%

F4_Limited local financial 3.04% 2.20% 2.51% 3.94% 2.99% 5.16% 4.11%
sector experience
F5_Limited financial capacity
and experience of 2.20% 2.51% 3.94% 2.99% 5.16% 2.31% 4.11%
developers/ local investors
F6_Difficulty
accessing/repatriating Forex

3.04% 5.54% 2.51% 3.94% 2.99% 2.31% 4.11%

P1_Insufficient policy/legal 2.36% 3.52% 2.43% 2.23%
support framework
P2_Unclear
regulation/guidelines

P3_Policy changes 2.43%
P4_lack of polic!

implementation Y 2
P5_Duplicative policy

development

P6_Inconsistent policy

application

2.43%

3.52% 2.43%

2.71% 2.23% 2.03%

P7_Uncertainties in IMG 2.47% 2.01% 2.13% 2.03% 2.43% 2.23%
regulations implementation
P8_Grid extension
uncertainty

P9_Political
changesl/instability.

P10_Inadequate political will 2.03% 2.43%

P11_Adverse political events 2.43%
T1_Limited training and o

research and development 4.04%

T2_Technical skills limitation 2.05% 2.14% 2.33%

l’:sla.:)r::iltt;tlon in Developer’s 373% 2339

T4_Limitation in QC and o
manufacturing capacit: 4.04%
T5_Uncertain load profile 3.27% 2.05% 2.47% 2.14% 4.04%

T6_lnadequate infrastructure 2.47% 2.38% 3.73% 4.04% 2.33% 221%
T7_Uncertainties in site 0 o

characteristics 2.05% 2.20%
M1_Sensitivity of RE to fossil
fuel prices

M2_Low competitiveness of
RE due to subsidies on 3.27% 4.81%
alternatives

2.36% 2.07% 2.13% 2.43% 2.23%

4.02% 3.52% 2.23%

2.03% 3.38% 3.27% 4.81% 5.75%

M3_lack of competitive
hardware and labour market 3.27% 3.31%

M4_Poor data availability 3.33% 4.81% 2.49%
M5_Barriers due to

regulations 2.82% 3.38% 2.53% 3.31% 2.49%
M6_Uncertain market growth

potential 2.53%

SE1_Lack of social

acceptance 2.23%

SE2_Poor consumer

awareness

SE3_Lack of integration of

RE syst

SE4_Difficulty in acquiring

land

SES5_Insecurity 3.08% 2.49% 2.14% 1.98% 3.09% 2.85%

NOTE: Ranking/colour coding is defined by a normalised qualitative scale of green (very low priority <1.92 %), yellow (low priority >1.93-3.84 %), orange (moderate
priority >3.85-5.75 %), dark orange (high priority >5.76-7.67 %), red (very high priority >7.68 %.
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(a)

ALL GROUPS

CR=0.051

IMPACT INVESTOR

CR=0.0046

CR=0.005

DOMESTIC
FINANCIAL
INSTITUTION

CR=0

CR=0.008
B T1_Limited training and R&D m T2_Technical skills limitation » T3_Limitation in Developer’s capability
1 T4_Limitation in QC & f ing capacity ™ T5_Uncertain load profile u T6_Inadequate infrastructure

m T7_Uncertainties in site characteristics

Fig. A-1. Prioritisation of technical risk factors overall and by investor groups.

CR=0.024

(b)

IMPACT INVESTOR
CR=0.0044
DFI/MDB
CR=0.0015

DOMESTIC FINANCIAL

INSTITUTION
CR=0
DEVELOPER
CR=0.026
m M1_Sensitivity of RE to fossil fuel prices » M2_Low competitiveness of RE due to subsidies on alternatives
= M3_lack of competitive hardware and labour market I M4_Poor data availability
= M5_Barriers due to regulations = M6_Uncertain market growth potential

Fig. A-2. Prioritisation of market risk factors overall and by investor groups.
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(c)

ALL GROUPS

CR=0.017

IMPACT INVESTOR

CR=0.0076

DFIfMDB

CR=0.006

DOMESTIC FINANCIAL
INSTITUTION

CR=0.007

DEVELOPER

CR=0.0077

® P9_political changes/Instability
P1_nsutficlent policy/legal suppart framework
u PA_lack of policy implementation
u P7_uncertainties in IMG regulations implementation

u P10_inadequate political will
u P2_Unclear regulation/guidelines
B P5_Duplicative policy development
B P3_Grid extension uncertainty

u P11_Adverse political events

u P3_policy changes
- PE_l palicy apph

Fig. A-3. Prioritisation of PP risk factors overall and by different groups of investors.

Data availability

Data supporting this study are included within the article.
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