SEI Stockholm

Environment
Institute

Insights for development interventions in the
clean-energy sector

With a focus on sub-Saharan Africa

SEl brief Key messages

April 2025 . I
P e Access to reliable and affordable electricity is necessary, but not a guarantee, for

Daniel Duma economic development. A review of the literature on renewable-energy and clean-
cooking interventions, primarily in sub-Saharan Africa, reveals seven key areas for
interventions, each with distinct dynamics:

Maximilian Bruder

Annika Hilgert
e Electricity-generation interventions have been effective in increasing wind and

solar photovoltaic capacity.

e Transmission is becoming a bottleneck. However, externally financed transmission
projects with independent operators offer a promising way forward for
struggling utilities.

e On-grid electricity access is challenging due to low consumption rates, the poor
state of electric utilities, and a lack of affordability.

o Off-grid electricity access has increased and improved through innovation.
Nevertheless, many businesses offering off-grid services struggle to maintain
profitability.

¢ Clean-cooking interventions have low adoption rates largely due to affordability
constraints and designs that do not focus on user preferences.

e Knowledge-sharing and capacity-building interventions are particularly difficult to
assess. Nevertheless, long-term, programmatic, co-designed approaches are promising.

e Policy reforms are key for ensuring that investments generate the benefits they are
designed to achieve. However, reform interventions are challenging due to a focus
on form over function, and a lack of both local buy-in and trust.

Introduction

Access to affordable, sustainable and reliable electricity is essential for human and
economic development. Universal access to energy is considered to be an enabler for
myriad global goals, including reducing poverty, expanding access to healthcare and
education, increasing gender equality, boosting sustainable economic growth, and
taking actions to limit and adapt to climate change (UN Department of Economic and
Social Affairs [UNDESA], 2024).
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Some 685 million people lack access to electricity, and 2.1 billion people lack access
to clean cooking, according to the most recent Energy Progress Report (International
Energy Agency [IEA], 2024). Though most of those who lack these basic services are
in sub-Saharan Africa, greater access to energy and clean cooking is needed across
the entire African continent (IEA, 2024).

Renewable energy has an important role to play in widening access to electricity -
and tapping the potential development aims it can help unlock. Though significant
advancements have been made in the renewable-energy sector globally, the rate

of progress to meet the growing energy needs is insufficient, particularly in sub-
Saharan Africa where it is most lacking. Key challenges lie in identifying the types of
interventions that make energy more widely available and create conditions for its
beneficial use — and in sufficiently connecting the dots to better understand how such
interventions directly lead to specific benefits, and why specific interventions did or
did not lead to hoped-for improvements.

To help address these challenges, this policy brief summarizes key findings from

a literature review and synthesis of the literature on renewable-energy and clean-
cooking interventions - focusing on sub-Saharan Africa but examining issues that
may also warrant consideration in low- and lower-middle-income countries more
generally.! The brief highlights seven focus areas that should be considered, outlines a
theory of change to inform decision-making stages from concept to impact, provides
an evidence base for informing donors’ choices on the composition of their energy
portfolio in different stages of development, and offers recommendations for projects
being proposed and implemented.

Key areas for interventions in the renewable-energy sector
We focus on seven key areas that emerged from the literature review. Figure 1 lists these areas.

Figure 1: Focus areas within the renewable-energy chain

1 The literature review and synthesis were undertaken as part of ongoing work with the energy section at the Norwegian
Agency for Development Cooperation (Norad).
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Theory of change for interventions in the renewable-energy

sector

After conducting a comprehensive review of academic and practitioner literature, we

developed a theory of change (Figure 2) to illustrate how and why renewable-energy

interventions can lead to the desired outcomes and impacts.

Figure 2: A theory of change for development interventions in the energy sector
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Any energy-development intervention passes through different stages to reach its
desired impact, and each stage depends on assumptions. First, development partners
provide various inputs, such as grants, loans or technical assistance, to elicit a certain
output, such as a new business or better information for decision-making. These
outputs are intended to lead to outcomes, such as improved markets, increased power
trade, or new installed capacity or transmission lines. Ultimately, these outcomes are
meant to generate impacts that directly benefit the intended users, for example by
enhancing access to and use of off-grid electricity. The final results in the chain are the
intended, positive impacts: the envisioned contributions to sustainable socioeconomic
development and human wellbeing.
What are the key factors of success? The picture is complicated. Successful graduation
from one stage to the next occurs only when necessary conditions are in place; often,
such conditions lie outside the control of development partners. Moreover, successful
outputs do not automatically lead to successful outcomes or successful impacts.
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Indeed, the factors that can lead to successful implementation of interventions are
different at output and outcome levels and across the seven areas highlighted.

We address these issues separately. We first examine outputs and outcomes for each
of the seven intervention areas: generation, transmission and distribution, on-grid
energy access, off-grid energy access, clean cooking, knowledge sharing and capacity
development, and policy reform. We then assess the impact-related evidence of
electricity and clean cooking across all areas.

Evidence for the effects of energy interventions on outputs
and outcomes

Focusing on the first part of our theory of change, we find evidence for outputs and
outcomes in the seven areas are as follows:

Electricity generation - Significant progress has been made in adding utility-scale
capacity to the grid (Attridge et al., 2019). For example, between 2013 and 2023,
installed wind and solar photovoltaic capacity in sub-Saharan Africa increased by a
factor of 16 (excluding South Africa, which is an outlier among countries in the region?)
(IRENA, 2023). Capacity grew from close to zero in 2010, to around 200 MW in 2013, to
3504 MWs in 2023. Projects were developed, financed, built and connected to the grid
in nearly all countries in the region thanks to sustained efforts by governments and
partners to create regulatory environments and blended-finance instruments required
for the pioneering clean-energy projects. However, significant challenges remain: the
financial viability of the power system, transmission and system-integration issues, and
the (financial) risk of overcapacity (Eberhard & Dyson, 2020). Tailored interventions
and integrated planning are essential to ensure that additional capacity is well
integrated into the market and energy systems, and to generate benefits while avoiding
overburdening utility offtakers with debt.

Transmission and distribution - These interventions tend to be more challenging
than generation. They represent a significant bottleneck to clean-energy expansion,
to the overall viability of the energy system (due to large energy losses in networks
that are not adequately maintained), and to the economy (due to reliability issues).
Transmission and distribution require long-term support via grants and loans for
operational improvements of the utility to effectively connect new-generation assets,
enhance reliability, and improve efficiency. Innovative solutions - such as externally
financed transmission projects with independent operators — may play an important
role, offering a way forward for struggling utilities.

On-grid energy access - Efforts to expand access by extending grids or connecting
new households to existing grids have succeeded in sharply increasing connection
rates, which have reached 75% in Kenya and 85% in Ghana, for example (IEA, 2023).
However, expansion efforts face hurdles: high connection costs, low consumption, and
a limited willingness to pay among potential customers. Addressing these challenges
requires targeted subsidies (both on the demand and supply sides) and improvements
in utility performance to enhance the value proposition of connections.

2 South Africa’s installed capacity in wind and solar power generation (9101 MW) is higher than all the rest of sub-Saharan
Africa’s capacity combined (3504 MW).
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Off-grid energy access - Such solutions remain essential for remote communities, as
demonstrated in some markets in East Africa (such as Kenya and Uganda). High costs
and market inefficiencies pose barriers to their adoption and sustainability. Making
these solutions viable and suitable for different contexts will require financial support,
market reforms, and risk-reduction measures.

Clean cooking - Even though more people have gained access to clean cooking in
recent decades, expansion has failed to keep pace with population growth in sub-
Saharan Africa. There are many different types of stoves with unique challenges,
but, at present, there remains a fundamental trade-off between the efficiency and
affordability of stoves. Donors’ approaches differ, with some prioritizing efficiency
and others affordability. Stove designs often do not cater to users’ preferences or
cooking habits, hindering uptake (Karanja & Gasparatos, 2019). To improve uptake,
efforts must be made to adopt user-focused designs, employ long-term education
campaigns, and tap into robust supply chains that can improve affordability and
accessibility. These approaches require strong national policy programs, reinforced
by international financial support. Recently, clean cooking enterprises have begun
to shift their approaches, moving from donation-based to market-based concepts,
with business models often leveraging carbon credits. However, such approaches
entail risks in terms of potential price volatility and uncertainty on carbon credit
certification standards.

Knowledge sharing and capacity building - Though the evidence on such
interventions is limited, measures can and should focus on policymakers and
regulators as key enablers for a functioning energy sector. Such interventions aim to
facilitate access to research, technology, and know-how for clean energy and energy
efficiency; and on enabling scaling up, coordination and management of renewable
energy and energy access. Successful interventions require long-term efforts that
are adapted to local needs and situations. Achieving meaningful progress will require
co-designing initiatives with local stakeholders, and allocating time and resources to
systematically evaluate results over time.

Policy reform - Policy reform is a crucial enabler for other interventions. Indeed,
operational improvements in the power sector are seen as the only way to ensure
that investments in generation and transmission bring about the benefits they are
designed to achieve and sustain improvements over the long term (Toman et al.,,
2018). Long-term, trust-building approaches are key to securing significant and
sustainable change. Understanding the political and economic contexts behind sector
weaknesses is essential for crafting effective interventions. Independent regulators
can be both targets of reform interventions to develop “islands of good practice”, and
enablers of further reforms in the sector to improve performance.

Insights for development interventions in the clean-energy sector



Impacts of energy interventions

At the macroeconomic level, evidence suggests that energy contributes to economic
growth and employment mainly by reducing energy costs by replacing expensive,
fossil-fuel-powered back-up generation, and by minimizing outage times (Stern, Burke
& Bruns, 2019). Despite the academic debate over whether electricity has a causal
link for socioeconomic development, reliable energy supply is widely regarded as
necessary for growth - but not sufficient in itself to achieve growth. Indeed, one
cannot imagine a country in the modern world finding a way to achieve economic
growth and enhance the wellbeing of its citizens in the absence of secure, affordable
electricity provision.

At the microeconomic level, evidence shows that energy generally has positive yet
modest effects on households in terms of economic outcomes, education, health,

and gender equality (Asian Development Bank [ADB]I, 2019). However, significant
variation exists among studies due to factors such as study design, outcome types,
measurement methods, geographic location, methodology, and follow-up duration.
Unexpected outcomes and negative externalities are often not clearly measured or
addressed. For clean cooking, the evidence shows that inconsistent adoption and use
by target populations continue to limit impact. In all, the variability of outcomes that
surfaces in the literature underscores the importance of considering local contexts
(Steward Redqueen, 2019).

Energy interventions in the face of uncertainties

Though the direction of causation - whether power primarily drives development, or
development primarily drives power demand — may be a source of academic debate,
energy is unquestionably essential to modern development. Indeed, there is no
example of a modern economy that has managed to create economic prosperity and
improve human wellbeing without it.

Energy is an essential enabler. It affects — and is affected by — a wide variety of forces
that play out over time - including the presence or absence of other infrastructure,
the reliability of services, the cost of power, and the matter of who bears these costs.
Things may look different in the short term than in the long term. For these reasons,
it is difficult to put an exact figure on the direct impacts of energy and energy
investments (ADB, 2019).

Evaluations acknowledge the difficulty in attributing results to prove or dispel the
value of specific interventions (Independent Evaluation Unit [IEU], 2024). Efforts to
demonstrate measurable impacts from energy interventions are stymied by myriad
factors, including selection bias, high data-collection costs, and spillover effects that
obscure causality. Counterintuitive results and gaps in evidence further complicate
evaluations. Though most measurement efforts look at the short term, most impacts
(such as economic growth and improved wellbeing) take decades to materialize.

Beyond the difficulties of measurement are other difficulties. The designs of energy
interventions (and, thus, the impact these interventions have) depend on major
assumptions that may or may not hold in particular cases, regions or periods of time
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(ADB, 2019). Even the assumption that access to energy will be achieved by a given
intervention does not always hold. The service may be unavailable due to technical
faults, or the inability to pay for things such as electrical connections, bills for electrical
use, or electricity-powered appliances. And, even if power is available, the assumption
that it will be used right away is also not a given. Another assumption is that creating
the enabling conditions will help markets develop and cater to previously unserved
populations in a sustainable way. This assumption has been challenged, with many
private-sector initiatives struggling to maintain profitability as consumers at the base
of the economic pyramid cannot afford to make regular payments for the service in the
long run (Woérlen et al., 2023).

With energy interventions seeking to achieve more objectives that go beyond

mere energy provision - such as contributing to income generation, education,
health, gender equality and environmental sustainability — there are more untested
assumptions about the behavioural changes induced by energy access. In light of
this, the systematic collection and assessment of data about the impacts of energy
interventions have become more important (see recommendation 3).

Nevertheless, one message remains clear: though energy does not guarantee beneficial
socioeconomic development, such development is unlikely to occur in its absence. In
this sense, energy interventions represent a fundamental development strategy.

Policy recommendations

Based on the literature review and our own work, we offer the following five
recommendations:

1. Carefully assess needs. Develop thorough needs-assessment tools to ensure that
the context is well understood. The evidence suggests that situations differ widely
between and within countries and regions. Needs assessments should map energy-
intervention options to find the right complementarities and synergies with other
donors, and to assess the desirability and willingness to pay for energy services
on a local level. Such efforts will help pinpoint the most effective interventions and
help avoid duplication.

2. Find a balance of approaches to include both large and small, and for-profit
and grant-supported initiatives. Find a balance between targeting two distinct
approaches: 1) larger, potentially viable projects with instruments that facilitate
private investment and 2) smaller and grant-supported long-term interventions for
the base of the pyramid. Private-sector, for-profit investment will be more suitable
for commercially viable projects: the segments of the population and business that
are willing and able to pay a price that covers costs and generates an adequate
return. Smaller-scale interventions that provide lower-tier access and clean-cooking
equipment but require significant and long-term subsidies will be more suitable for
serving those at the base of the economic pyramid.
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3. Learn and adapt. Apply an adaptive approach to long-term monitoring, evaluation
and learning to constantly assess interventions and adjust when necessary.
Provide support to initiatives that contribute to generating sector knowledge and
data (which are still lacking). A context-relevant and up-to-date evidence base is
necessary for planning future interventions.

4. Involve users from the start. Design services starting from the users’ perspective,
incorporating their needs, wants and feedback explicitly. Develop tools to gauge
the desirability and the willingness to pay for energy services (including clean
cooking) for users at the base of the pyramid. Focus on providing support for the
whole ecosystem and lifecycle of products (including usability and maintenance).
Utilize evidence from the early stages of interventions for a rich understanding of
drivers and exact causal chains of desired impact.

5. Start from local conditions. To foster trust and local authority buy-in, integrate
policy-reform activities into longer-term interventions that address other issues
such as electricity generation or access. When designing interventions, consider
existing relationships with the targeted authority and the political-economy
implications of activities, and identify “islands of capacity” that are relatively
insulated from political pressure.
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