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Ashish
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Director General,

International Solar
Alliance

Africa’s solar moment has arrived. What makes

this moment different is not simply the continent’s
extraordinary solar resource, but the convergence of falling
technology costs, unprecedented political commitment,
rapidly expanding markets and an urgent imperative for
energy security. With Mission 300 providing an integrated
framework of national commitments and delivery, the
foundations are emerging to mobilise private capital and
build local capabilities at scale.

The continent possesses 60% of the world’s solar resources,
yet around 660 million people continue to live without
reliable access to electricity, while economies bear the high
costs of unreliable and carbon-intensive energy systems.

At the same time, Africa’s population, cities, industries and
energy demand are expanding rapidly. The choices made
today will therefore shape not only the continent’s energy
future, but its economic competitiveness, resilience and
prosperity for decades to come.

Solar energy can be at the heart of this transformation.

The economics of solar have changed fundamentally.
Technology costs have fallen by 90%, deployment models
have diversified, and solar is increasingly capable of
delivering not only affordable electricity, but reliable and
productive energy for communities, agriculture, mobility
and industry. Yet Africa’s solar deployment remains far
below the scale warranted by its resource endowment and
development needs. The challenge is no longer whether
solar works. It is whether we can build the policies,
institutions, financing systems and capabilities that allow
it to work at scale.

Solarising Africa: Advancing the Continental Clean
Energy Transition addresses this critical question. It
moves beyond describing Africa’s solar opportunity to
examine what it will take to translate that opportunity into
deployment. Anchored in the commitments of Mission 300
and the National Energy Compacts, the report provides

a practical, delivery-oriented framework for accelerating
solar across the continent. Its focus is deliberately broader
than generation alone—from distributed renewable energy
and solar-powered agriculture to electric mobility, utility-
scale solar and regional interconnections, supported by
the cross-cutting foundations of digitalisation, institutional
capacity, finance and local manufacturing.

A central message emerges clearly: Africa’s solar
transition must be understood as one interconnected
system. A solar panel alone does not create development.
A connection becomes transformative when it powers a
farm, a cold chain, a small enterprise, a school, a health
facility or a vehicle. A solar project becomes sustainable
when it is supported by a creditworthy utility, appropriate
financing, capable institutions, skilled people, reliable
data and a functioning local ecosystem. The report’s case
studies, from Nigeria’s distributed access programme and
Uganda’s solar-agriculture experience to Egypt’s utility-
scale development and emerging solar e-mobility models,
demonstrate that solutions already exist within Africa. The
task now is to scale, adapt and connect them.

This is where Mission 300 represents a historic
opportunity. With countries having already articulated
national commitments and established mechanisms for
monitoring delivery, Africa has an unprecedented platform
for moving from fragmented initiatives towards coordinated
implementation. What is required now is to convert these
commitments into bankable pipelines, strengthen delivery
institutions, reduce the cost of capital, build modern and
digitally enabled utilities, develop the workforce of the
future and create regional markets capable of supporting
investment and industrial scale.

The International Solar Alliance is committed to being a
partner in this journey. Through catalytic finance, technical
assistance, capacity-building platforms such as the
STAR-C network, Communities of Practice, and stronger
regional cooperation, ISA seeks to help countries move
from successful individual projects to scalable models
that can be replicated across markets. Our ambition is not
simply to support more solar projects, but to help build the
enabling architecture that makes solar deployment faster,
more affordable, more inclusive and more sustainable.

The opportunity ahead is immense. This report envisages

a pathway towards approximately 1,000 GW of solar
capacity in Africa by 2050, with solar becoming a much
larger share of the continent’s electricity system. Achieving
this will require a sustained effort across governments,
development finance institutions, private investors,
technology providers, utilities, regional institutions and
communities. Most importantly, it will require a shift from
seeing solar as an energy technology to recognising it as an
instrument of economic transformation.

Africa has the sunlight. It increasingly has the technology.
It now needs the systems, institutions and partnerships to
turn both into power, opportunity and prosperity.

Solarising Africa is therefore not only a report on

what is possible. It is initiation of a programmatic
commitment with African countries and partners to turn
this ambition into delivery, to develop policy and project
pipelines for enabling potential investment through

a digital dashboard, thereby ensuring that Africa’s solar
future becomes a foundation for a more prosperous,
resilient and inclusive continent.
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Executive Summary

Executive
Summary

Africa possesses the world’s best solar resource, butitis also the
continent with the highest electricity access deficit. Around 600 million

people in Sub-Saharan Africa live without electricity, and closeto a

billion without clean cooking. The continent is already paying for that
gap: an estimated 2-4% of GDP is lost every year to unreliable power,
before a single new panel is installed. The status quo, not solar, is the

expensive choice.

The deployment record is starker than
the deficit itself. Total installed solar PV
capacity across Africa at the end of 2025
was about 22.2 GW, and 14 GW of this
capacity sits in two countries, some
0.33% of global installed capacity. Of
the USD 521 billion invested in solar
worldwide in 2024, only 2%, or USD

9 billion, reached Africa. The cost of
capital for clean-energy projects on the
continent still runs at two to three times
that of advanced economies.

This report treats the case for African
solar deployment as settled. Itis a
working guide to converting ambition
into action, written for the stakeholders
and actors who must now deliver

the commitments their nations have
already made.

1.1 Why this
momentis
different

Reports on solar in Africa are not new.
What is new is that five conditions have
changed at once and together they have
opened a window that will not stay open
for long.

Solar became the cheapest option and then it became
firm. Africa’s weighted-average levelised cost for utility-
scale solar fell 67% between 2015 and 2024, from USD
225/MWh to USD 74/MWh. Storing half a plant’s daytime
generation now adds to roughly USD 33/MWh, giving
dispatchable solar at about USD 76/MWh. Lithium-ion pack
prices are down 93% since 2010 to around USD 100/kWh.
Solar has crossed the threshold from cheap and intermittent
to cheap and dispatchable.

Demand has become visible for the first time. Forty-
eight countries have endorsed the Dar es Salaam Energy
Declaration, and 35 governments have published
National Energy Compacts under Mission 300 carrying
baseline-t0-2030 targets. Africa’s reform and equipment
demand is now written down, comparable across borders
and formally monitored, a precondition for planning that
simply did not exist three years ago.

The market is already moving without waiting for
permission. Africa imported roughly 18.8 GW of solar
panels in 2025, 48% above 2024; excluding South Africa,
imports tripled in two years. Twenty countries set import
records in a single year, and deployment is no longer a two-
market story.

Energy security has become a treasury question. Transport
fuelimports average 23% of merchandise imports across
Sub-Saharan Africa. When global oil markets were disrupted

in early 2026, the effect reached African pumps within weeks.
Electrification is now a fiscal and macroeconomic argument,
not only an energy-ministry one.

13
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= The infrastructure is not yet

locked in. Africa’s urban population
will double from 700 million to

1.4 billion, and vehicle ownership
remains below 30 per 1,000 people
against 210 in China. Decisions
taken this decade will decide
whether that growth is electric or
fossil-fuelled.

The binding constraint is therefore no
longer technology, resource, or even
the existence of capital. It is narrower
and harder: how policy is designed,
how financing is structured, how well
institutions can plan and procure, and
whether they can then deliver, which is
the subject of this report.

1.2 What this report
does differently

Most analytical reports on African solar
establish the opportunity and stop at

the threshold of implementation. This
one starts at that threshold, structured
around five choices about how the report
is put together:

= |t begins from commitments
that already exist. Every thematic
chapteris anchored to the National
Energy Compacts and states plainly

what has been committed, what s in place, and what the
gap between the two requires. The report helps governments
deliver the agenda they have already signed, rather than
asking them to adopt a new one.

The organising principle is delivery, not technology. Each
chapter runs the same structure: why it matters for Africa,
what is blocking it, what Mission 300 already commits and
where the gap lies, the priority enablers, and a roadmap.
Areader can enter at any chapter and find the same
architecture.

Every recommendation carries an owner and a horizon.
Each roadmap sets out what needs to be done, who needs
to act, and by when, sequenced across immediate, medium-
term and long-term horizons. Each action is assigned to a
named actor: head of state, line ministry, regulator, compact
delivery unit, utility, financier or private developer.

The cross-cutting enabler chapters are treated

as part of the consolidated Solarising Africa

structure. Digitalisation, capacity building, financing and
manufacturing form the conditions on which all four delivery
chapters depend, rather than a closing section, and each is
written to be read against every one of them.

Africais not treated as a single market. Access rates
range from under 20% to above 90%; some systems are
grid-dominant, others distributed-led; regulatory traditions,
languages and fiscal space differ profoundly. The report is
built to support learning between African markets rather than
prescription for Africa.
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1.3 Mission 300:
from many
initiatives to
one framework

For two decades, African electrification
progressed through parallel but
disconnected efforts: national plans,
donor programmes, pilot projects and
technology-specific initiatives, each
running its own targets, baselines,
timelines and reporting, because its

shape was never visible in the first place.

Mission 300 changes the
architecture not the ambition. The
joint World Bank Group and African
Development Bank commitment to
connect 300 million Africans by 2030
has moved from declaration to delivery
machinery: 48 countries have endorsed
the Dar es Salaam Energy Declaration,
and 35 National Energy Compacts have
been published across three waves.
Each compactis a government-signed
reform roadmap with hard baseline-
t0-2030 targets for access, clean
cooking, renewables share and private
capital and each rests on the same

five pillars: competitive generation

and grids; regional integration and
power trade; last-mile distributed
renewables and clean cooking; private-

sector participation; and financially viable utilities. A national
Compact Delivery and Monitoring Unit delivers each one and
reports on it twice a year. Four practical consequences follow,
and they are why this report is organised around the compacts.
Demand has become aggregable, so manufacturers and
financiers finally have a pipeline they can plan against. Every
commitment has picked up a monitoring line that makes
slippage visible rather than inferred. And every commitment has
an institutional owner, meaning there is now somewhere for a
recommendation to land.

1.4 Africais not one market,
and the differences are the
opportunity

On this continent, the market type is a far more useful unit of
learning than ‘Africa’ as a whole. Settlement geography alone
splits every country into three segments, each with a different
least-cost answer: dense populations within roughly 10-15

lem of the network are cheapest to reach by extending the

grid; small population centres beyond that threshold are best
served by mini-grids; and dispersed rural communities are most

economically served by standalone systems at about USD 15
1,924 per remote household against USD 3,368 to extend
the grid, roughly 40% cheaper.

The same logic holds for policy. African markets are already
producing transferable answers, and they serve each other more
useful than any template imported from outside.

= Nigeria is scaling access through the USD 750 million
DARES programme, blending mini-grids, standalone systems
and technical assistance into a single reference case for
large, distributed-led access markets.
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= Egypthas unlocked utility-scale
investment through bankable long-
term power purchase agreements
(PPAs) with currency indexation and
robust grid integration, the reference
case for markets pursuing gigawatt-
scale procurement.

= Kenya has folded mini-grids,
standalone systems, solar irrigation
and clean cooking into a single
capacity-building framework, the
reference case for productive-use-
led electrification.

= Zambia removed VAT and import
duties on solar components, and
imports rose roughly eightfold year
onyear, the reference case for how
quickly fiscal signals can move this
market.

= [Ethiopia has drawn energy-intensive
manufacturing into industrial
parks on the strength of low-cost
clean power, the reference case for
converting a power advantage into an
industrial one.

Peer exchange works best when
matched by market typology (grid-
dominant against distributed-led, high-
access against low-access, francophone
against anglophone regulatory tradition)
not by geographic proximity. Making

that exchange routine rather than
occasional is one of this report’s central
recommendations.

1.5 What transfers
from elsewhere,
and what does
not

Countries that have closed large
access gaps did not do it with superior
hardware. They built an enabling
ecosystem, because the acceleration
is measurable: the first 50 GW of
solar took 132 months to install, the
next 50 GW took 14 months, a nine-

fold increase in build rate. Neither the technology nor the
geography changed. Three things did.

An institution aggregated demand. The Solar Energy
Corporation of India acted as a central counterparty, running
reverse auctions, shifting offtake risk away from individual
developers. Tariffs fell to a record ~USD 0.027 in 2020,

and solar-plus-storage cleared at ~USD 0.032 in October
2025, evidence that the model now delivers round-the-clock
power, not merely cheap daytime solar.

Finance was built around the end-user, not the asset.
Under PM-KUSUM (~USD 4.3 billion), farmers pay as little
as 10% upfront for a solar pump, with blended subsidy and
concessional credit covering the rest. Some 2.67 million
pumps have been deployed, saving an estimated 1.38
billion litres of diesel and about 40 million tonnes of CO,
ayear and converting diesel consumers into solar producers.

Skills and manufacturing were built alongside
deployment, not after it, so the acceleration never hit a
workforce or supply-chain wall the moment volumes arrived.
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What does not transfer matters just as
much, and the report says so plainly:
India had a single large national
market, a sovereign balance sheet
able to underwrite offtake, and a deep
domestic capital market. Most African
economies have none of the three. The

transferable lesson is therefore the
sequence, not the scheme: policy
certainty first, then demand aggregation,
then end-user finance, with skills

and industry built alongside. Where a
national market is too small to aggregate
meaningfully, aggregation must happen
regionally, which is precisely why the
African Continental Free Trade Area

and the regional power pools appear
throughout this report as instruments of
delivery rather than as background.

1.6 What the chapters prescribe

Each thematic chapter turns a diagnosis into a set of enablers
and a roadmap. In brief:

Distributed renewable energy is the fastest, lowest-

cost route to the settlements the grid will not reach
economically, and often the only option in fragile and
conflict-affected areas. Its problem is cost structure, not
resource: African mini grids cost around USD 6,824/kWp
against a global benchmark near USD 3,000, because

equipmentis imported and every project is built from
scratch. Every USD 1,000/kWp saved unlocks about USD
4.2 billion, ~10 million more connections. The enablers

are clear licensing, defined grid-arrival compensation,

cost-reflective tariffs with lifeline protection, productive-
use stimulation written into every tender, and a dedicated

delivery unit inside the energy ministry.

Solar for agriculture delivers the widest development return

of any energy investment in this report. Agriculture accounts

for about a third of Africa’s GDP and over 60% of its workforce,

yet more than 95% of cultivated land is rain-fed and only 4%

is irrigated, against 52% in India. Solar irrigation can raise
productivity up to threefold while cutting lifetime energy costs
50-74% against diesel and solar cold chains can cut post-

harvest losses by up to 80%. The enablers are integrated
water—energy—-food planning, end-user finance, quality
standards, and extension services within reach of the farm.

Solar-powered e-mobility is a window, not a trend.
Africa’s fleet is dominated by two- and three-wheelers,
whose modest battery sizes happen to suit distributed solar
unusually well, so the continent’s highest-volume vehicle
segment is also its most commercially viable to electrify.
Charging infrastructure, subsidies and standards should be
built around that fleet, rather than imported wholesale from

four-wheeler markets.

Utility-scale solar and regional interconnection stall on

offtaker risk, currency volatility and opaque procurement,

not on cost. With more than two-thirds of utilities unable
to cover costs from revenue, PPAs are unbankable without
scarce sovereign guarantees. The sequence is to restore

utility performance, then reform tariffs, then crowd in private
capital, supported by escrowed payment streams, partial
risk guarantees, standardised PPAs, a published pipeline,

and harmonised grid codes for regional trade. Storage and
transmission are treated as what they are: enablers of

integration, reliability and grid flexibility.

Digitalisation is the cheapest reform on this list.

Transmission and distribution losses range from 6.2% to

17
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38%, and collection rates from
36% in Guinea to 100% in Niger
and Namibia. Cutting losses to
South African levels and closing
the collection gap would lift utility
revenue by up to 181% and turn

9 of 15 loss-making vertically
integrated utilities profitable.
Metering, feeder monitoring, digital
billing, e-procurement and geospatial
planning are what make every other
chapter bankable.

Capacity building surfaced in every
consultation for this report as the
primary bottleneck: thin technical
expertise in ministries and utilities,
fragmented mandates, and rules
that lag the technology. Africa could
generate 2.5 to 4 million solar

jobs by 2050, with technician roles
dominating, but only with deliberate
investment in technical and
vocational education. ISA anchors
this through its STAR-C network,
13 centres operating today,
building toward a target of 50 self-
sustaining centres by 2030.

Financing is short of affordable,
patient, risk-tolerant capital, not short

of capital in general. Africa attracts 3% of global energy
investment at two to three times the advanced-economy
cost of capital, and the disbursement gap is as telling as the
commitment gap: of USD 9.1 billion committed to mini-
grid electrification, only about 14% has been disbursed.
Closing the gap could unlock more than 33 GW of new

solar by 2029. Different market segments need different
instruments, and this report matches them explicitly.

1.7 Five imperatives

Across all chapters, five actions determine whether everything

else follows.

Put policy certainty before project development. Stable
licensing, tariffs and procurement rules are worth more than
concessional finance, and cost less to provide.

Mobilise affordable finance at scale through blended
structures, guarantees and local-currency instruments, and
measure success by disbursement, not commitment.

Design for productive use, not connections. A megawatt
is an input to farm income, enterprise formation and a
functioning clinic, counting connections measures activity,
not outcome.

Modernise utilities and institutions through digitalisation,
capacity building and governance reform, because an
insolvent utility makes every other reform unbankable.

Scale proven African solutions through structured peer
exchange, matched by market type, with governments,
private sector, development finance institutions and ISA
replicating what already works on the continent.

The table below indicate how the four enablers are linked with the four thematic areas of the report
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Geospatial siting,
PAYGo and remote
monitoring

Pump telemetry,
digital payment and
cold-chain data

DRE: Last-mile access e-Mobility

Telematics, charging
management,
managed charging

Regulators who
can license a mini
grid at speed

Technicians and
extension services
within reach of the farm

Battery-safety
codes, inspectors
and mechanics

Local-currency
working capital and
receivables finance

End-user finance, so
the farmer can buy
the pump

Asset finance for
fleets and batteries

Poles, cabling,
meters, balance of
system, made locally

Pumps, cold rooms
and dryers assembled
near the farmer

Battery packs, swap
hardware, 2- and
3-wheeler assembly

Revenue assurance
and SCADA make
the offtaker bankable

Procurement teams
thatcanruna
competitive tender

Guarantees, FX
cover and a lower
cost of capital

Mounting steel,
transformers and
switchgear
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1.8 How to use this report

This report is a deployment blueprint. The table below sets out, for each principal actor, where to start and
what to take from it.

Stakeholder Where to start, and what to take from it

1 Heads of State and Treat the National Energy Compact as a delivery contract, not a pledge. Assign
Cabinets the compact to a named minister, give the Compact Delivery and Monitoring Unit
authority across ministries, and review the twice-yearly progress report personally.

2 Energy Ministries Start with the roadmaps at the end of each chapter. Convert the immediate-
horizon actions into a dated workplan with named owners, beginning with mini-grid

licensing, grid-arrival compensation and a published project pipeline.

3 Regulators Prioritise the three rules that unlock private capital fastest: cost-reflective tariffs
with lifeline protection, standardised PPAs with defined payment security, and net

metering or net billing with clear interconnection rules for rooftop solar.

4 Finance Ministries Read the financing chapter against your own duty schedule and guarantee
capacity. Correct tariff inversions where inputs are taxed more heavily than finished
goods and extend guarantee instruments beyond generation to offtake.

5 Utilities Begin with the digitalisation chapter. Metering, feeder monitoring, collection and
e-procurement are the lowest-cost reforms available and the precondition for a

bankable balance sheet.

6 Compact Delivery and
Monitoring Units

Use the chapter gap analyses directly. Each identifies what the compact commits,
what s in place, and which enabler closes the difference — the same structure the
progress report already requires.

7 Development Finance
Institutions and Partners

Target the disbursement gap, not the commitment gap. Prioritise local-currency
instruments, receivables and working-capital facilities, and technical assistance to
delivery institutions rather than to project preparation alone.

8 Private Sector:
developers,

Read the compacts as an order book. Aggregated across 35 countries, they set out
a multi-year, multi-gigawatt pipeline of equipment, services and skills demand now

manufacturers, operators Vvisible enough to plan against.

9 ISA and Regional
Institutions

Convene by market typology rather than geography. Communities of Practice,
STAR-C centres and regional standards work are the mechanisms by which one

country’s solved problem becomes another’s starting point.

1.9 From blueprint
to build rate

A flagship report changes a conversation;
a delivery platform turns it into build rate.
ISA’s Community of Practice model
(one technology, many champions)

is designed to put these findings into
practice. The first, on the solarisation

of agriculture, launches with seven
founding members: Uganda, Rwanda,
Ghana, Senegal, The Gambia, Ethiopia
and Zimbabwe, each chosen for a
distinct lesson the cohort can absorb.
Agriculture is the entry point by design:
with only 4% of arable land irrigated

and Sub-Saharan Africa projected to
spend close to USD 65 billion on food
imports in 2025, early solar-irrigation
results show productivity gains of 427%
for tomatoes, 571% for onions, 553%
for cabbages and 283% for bananas.
Successor Communities of Practice

covering utility-scale solar, mini-grids, e-mobility and digitalisation
will follow the same operating logic: a defined cohort, a named
anchor country, a measurable deliverable and a financier roster.

1.10 The horizon: Tera-Solar for
Africa

The destination is aspirational: the African continent running
on roughly 1,000 GW of solar by 2050, lifting solar from about
3% to 40% of total electricity generation, in three sequential
phases: lay the foundation to 2030 (100-200 GW, built on
stable regulation, blended finance and utility digitalisation);
scale systemically to 2040 (~500 GW, through aggregation,
securitisation and connected regional grids); and consolidate
to 2050 (~1,000 GW, through storagg, flexibility and the
institutional capacity to run a solar-dominated power system).

The resource is not in question, nor is the technology. What this
report sets out is the far narrower set that remains: the policy
choices, the financing structures, the institutions and the skills
that stand between Africa’s sunlight and Africa’s power
system. Africa is where the global energy transition will
either work or fall short. The chapters that follow set out
what making that work looks like in detail.



3
el B R

g

b

e

-

! !
| j

'_%“WWW” Ni Y

| :




Introduction

Introduction

Around 600 million people in Sub-Saharan Africa live without access

to electricity and close to a billion without clean cooking. Africa’s
population is growing faster than any other region’s, and its cities are set
to double in size, from 700 million to 1.4 billion people, within a single
generation. Connections must therefore outrun demography simply to
begin closing the gap, not after it. A programme that connects millions a
year yet still loses ground to population growth is not a slow success. It
is failure wearing the costume of progress.
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That gap is already expensive, and making rural extension. The grid does not stop short of the last
Africa is paying for it now. Unreliable mile for lack of ambition. It stops because of cost.

power costs the continent an estimated  1hg gvidence points to a segmented answer. Dense populations

2-4% of GDP every year, lost output, within roughly 10-15 km of the existing network are cheapest

spoiled stock, idle machinery and the to reach by extending it. Small population centres beyond that
diesel bought to cover the shortfall,

before a single new panelis installed.

threshold are best served by mini grids, which can be builtin
9-18 months and can deliver solar-plus-storage power at about

Energy poverty constrains everything USD 0.28/kWh against USD 0.60/kWh for diesel. Dispersed
downstream of it: clinics without

refrigeration, schools without light,

rural communities are most economically served by standalone
systems: about USD 1,924 per remote household, against

water systems without pumps, firms that - (jsp 3,368 to extend the grid, roughly 40% cheaper.
cannot mechanise, and states whose

fuel import bills crowd out the very
spending that would fix the problem.

This is the report’s first structural conclusion, and it shapes

everything that follows: universal access is affordable only if the
The expensive choice is not solar. It is delivery model is matched to the settlement. Grid, mini grid and
standalone solar are not competitors: they are three answers
to three different questions, and the policy task is to put each

Why the grid alone cannot  whereit belongs.
close the gap

the status quo.

Solar can close the gap, and the

The instinct to solve access by economics have already tu rned
extending the network collides with an

arithmetic problem. The levelised cost
of grid supply climbs steeply with every
additional kilometre of line and falls

Africa holds roughly 60% of the world’s best solar resource and
generates about 3% of its electricity from solar. The gap between
those two figures is this report’s subject. Africa’s weighted-
average levelised cost for utility-scale solar fell 67% between
2015 and 2024, to about USD 74/MWh, and storing half a
plant’s daytime output now adds only around USD 33/MWh:
solar is therefore no longer merely the cheapest new generation
across most of the continent, but increasingly the cheapest firm

sharply with customer density: the last
households to be reached are therefore
also the most expensive and the least
profitable to serve. Public utilities across
the continent rank among the most
indebted state enterprises in the region,
with margins too thin to sustain loss-

generation too. In several markets, a solar system repays its cost
against diesel within roughly six months.
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The market has already begun moving
on that arithmetic, without waiting for
policy to catch up. Africa imported
roughly 18.8 GW of solar panels in
2025; excluding South Africa, imports
tripled in two years. Cumulative

MWp installed

I 13,114.57
h ‘

installed capacity has reached about 22.2 GW, with a further
77 GW projected by 2030, and recent deployments already
generate the equivalent of more than a tenth of national supply

in several countries, and more than 61% in Sierra Leone.

Figure 1-1 shows installed capacity against electricity access

rates across the continent.

Electrification rate
100%

12%

Figure 1.1: PV installed capacity versus electricity access rates.
Source: RCREEE Analysis

Yet the distribution of that capacity
remains the problem in miniature. 14
GW of the continent’s 22.2 GW sits
in two countries: South Africa and
Egypt. The remaining 54 economies
hold roughly 8 GW, about 0.33% of
global installed capacity, sitting on
60% of the world’s best resource. Of
the USD 521 billion invested in solar
globally in 2024, only 2% reached
Africa, and clean-energy capital on the
continent still costs two to three times
what it costs in advanced economies.
Neither the resource nor the technology
is the constraint. Something else is.

Why the gap has persisted
and what it tells us about
how to close it

Africa has never lacked solar projects.
It has lacked the conditions that let
projects become programmes. Four
structural issues recur across every
technology and across every market

type, and they are why deployment has stayed concentrated
and slow.

Demand has been invisible and fragmented. 54 markets,
each with its own targets, procurement rules, standards

and reporting, have produced no aggregated pipeline that a
manufacturer, a financier or a training institution could plan
against. With visible demand absent, there is no scale, no
price discovery and no reason to build supply capacity, so
every project carries first-project transaction costs.

The offtaker has not been creditworthy. More than two-
thirds of African utilities cannot cover their costs from revenue.
Transmission and distribution losses range from 6.2% to 38%
and collection rates from 36% in Guinea to 100% in Niger
and Namibia. An insolvent utility cannot sign a bankable
power purchase agreement, so private capital either prices
sovereign risk into every project or does not arrive at all.

Capital has been committed but not delivered. Of the
USD 9.1 billion committed to mini-grid electrification
across the continent, only about 14% has been
disbursed. The binding constraint is not the headline figure.
Itis the shape of the money: its tenor, its currency, and the
absence of instruments matched to small, distributed assets
earning local-currency revenue.
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= Neither the industry nor the inside others. Itis also why the report is built the way it is:

workforce was built alongside four chapters on where solar reaches people, and four on the
deployment. Africa imports almost conditions that decide whether it does.

allits equipment while holding L. . .
roughly 30% of the world’s critical  MI1Ssion 300 removes the first failure and

mineral reserves, capturing litte of ~ Makes the other three measurable
the manufacturing value and none
of the cost advantage of proximity.
Meanwhile, institutional capacity,
technical expertise in ministries and
utilities, regulators able to license at
speed, procurement teams able to
run a competitive tender, surfaced in
every consultation for this report as
the single most cited bottleneck.

The first of those four failures is already being resolved, which
changes the terms of the discussion. Mission 300 has moved
from declaration to delivery machinery. Forty-eight countries
have endorsed the Dar es Salaam Energy Declaration, and

35 governments have published National Energy Compacts:
government-signed reform roadmaps carrying baseline-to-2030
targets, built on the same five pillars, and delivered by a national
Compact Delivery and Monitoring Unit, which reports on progress
twice a year.

These four issues are not incidental, nor
are they confined to one technology.
They have blocked the mini-grid and

the gigawatt plant alike, in high-access
and low-access markets, under every
regulatory tradition on the continent.
That is why this report treats them

For the first time, Africa’s demand and reform commitments

are written down, comparable across borders and formally
monitored. Targets can be compared against one another,
demand can be aggregated into a pipeline, and every
commitment now carries both a monitoring line and an
institutional owner. This report deliberately anchors itself to those
compacts: each chapter states what has been committed, what

as chapters rather than as caveats is actually in place, and which enabler closes the difference.
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How the report is built: four thematic areas, four enablers

The report’s eight substantive chapters fall into two groups of four. The first group covers the routes by which
solar reaches people; the second covers the four conditions identified above.

Chapter 2 Distributed Renewable Energy for
Last-Mile Access: mini-grids, solar home systems
and rooftop solar for the settlements the grid

will not reach economically, and for fragile and
conflict-affected areas where they are often the
only viable option.

Chapter 3 Solar for Agriculture: irrigation, cold
chains, processing and mechanisation across the
agri-food value chain, where energy investment
produces the widest development return.

Chapter 4 Solar-Based e-Mobility: the two-
and three-wheeler fleet that dominates African
transport, and the charging and battery-swap
infrastructure it requires.

Chapter 5 Utility-Scale Solar, Regional
Interconnections and One Grid Africa: bulk
generation, storage, transmission and the regional
power trade that make them bankable.

How the chapters connect (l): the
four technologies are one chain

Bulk power sets the price everything else
competes against. Utility-scale solar and regional
interconnection determine the cost and reliability
of grid electricity - the benchmark a mini-grid is
measured against when the grid eventually arrives,
the tariff an electric two-wheeler pays to charge,
and the running cost of a cold room once itis
connected. When One Grid Africa gives a country’s
surplus generation a cross-border buyer, it changes
the economics of every plant behind it and with
them, the fiscal room a government has for last-mile
programmes.

A connection without a load is a stranded asset,
and agriculture supplies the load. Distributed
renewables build the connection base, but viability
is settled by what runs on it. Pumps, mills, dryers
and cold rooms are the anchor customers that turn a
mini-grid from a subsidised service into a business,
which is why this report recommends writing

Four cross-cutting enabler chapters

Chapter 6 Digitalisation: metering, revenue
assurance, grid visibility, e-procurement and
geospatial planning, the reforms that make the
offtaker creditworthy and every other chapter’s
outcome measurable.

L 244

Chapter 7 Capacity Building: the institutions,
regulators, delivery units and technical workforce
without which committed capital does not convert
into connections.

L 2 2 4

Chapter 8 Enabling Financing Ecosystem: the
cost, tenor, currency and risk structure of capital,
and the instruments that change them.

L 244

Chapter 9 Local Manufacturing and the African
Solar Value Chain: where the equipment is made,
and what Africa forgoes when it is made elsewhere.

L 2 4 4
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productive use into mini-grid tenders
from the outset rather than treating itas a
later phase. In that sense, the agriculture
chapter forms the demand-side half of
the distributed renewables chapter.

Mobility closes the loop, and hands
hardware back. Battery-swap stations
are themselves anchor loads: their
daytime charging profile matches solar
generation unusually well, making them
natural customers for both mini-grids
and rooftop systems. Retired traction
batteries, refurbished domestically,
return as second-life storage for those
same systems.

How the chapters connect (ll): four
enablers underneath all four technologies

The second group of chapters is not an appendix to the first. It is
the set of conditions on which the first stands.

A mini-grid without a meter cannot bill; without a licence it
cannot be built; without local balance-of-system it carries an
import premium of more than twice the global benchmark,

at USD 6,824/kWp against roughly USD 3,000/kWp, and
without local-currency working capital it cannot survive its own
growth. A solar pump carries an equivalent four-link chain, as
do a battery-swap network and a gigawatt-scale plant. Table 1
sets out all 16 links.

Table 1: Cross-Cutting Enablers Across Solar Applications

- Thematics across
DRE: Last-mile access Agriculture
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Geospatial siting,
PAYGo and remote
monitoring

Pump telemetry,
digital payment and
cold-chain data

Regulators who
can license a mini
grid at speed

Technicians and
extension services
within reach of the farm

Local-currency
working capital and
receivables finance

End-user finance, so
the farmer can buy
the pump

Poles, cabling,
meters, balance of
system, made locally

Pumps, cold rooms
and dryers assembled
near the farmer

Telematics, charging
management,
managed charging

Battery-safety
codes, inspectors
and mechanics

Asset finance for
fleets and batteries

Battery packs, swap
hardware, 2- and
3-wheeler assembly

Revenue assurance
and SCADA make
the offtaker bankable

Procurement teams
thatcanruna
competitive tender

Guarantees, FX
cover and a lower
cost of capital

Mounting steel,
transformers and
switchgear

How the chapters connect
(I1): the enablers are a
loop, not a list

The four enablers also depend on

one another, and in a specific order.
Digitalisation produces the operating
data without which a utility cannot be
priced: finance cannot value what it
cannot see, so metering and revenue
assurance precede bankability rather
than follow it. Financing pays for
industrial capacity, and manufacturing

lowers the capital cost financing must cover: every USD 1,000/
kWp taken out of a distributed system unlocks roughly USD

4.2 billion and about 10 million additional connections, so
each makes the other affordable. Manufacturing creates the
technician demand that capacity building must supply, and
capacity building in turn supplies the engineers, regulators and
procurement officers without whom none of the other three can
be absorbed.

This interdependence runs as a vicious circle, currently
spinning in the wrong direction. An insolvent utility cannot sign a
bankable power purchase agreement; without bankable offtake,
private capital stays away; without private capital, generation
remains scarce and expensive; scarce and expensive power

25
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pushes households and industry onto
diesel; diesel drains foreign exchange,
with transport fuel already at 23% of
merchandise imports; and a government
with less fiscal space is less able to
recapitalise the utility.

This report identifies the cheapest
point to break it: the meter. Cutting
transmission and distribution losses

to South African levels and closing
collection leakage would raise utility
revenue by up to 181%, turning 9 of 15
loss-making vertically integrated utilities
profitable, without a single additional
megawatt of generation. That is why
digitalisation runs through this report
rather than sitting inside one chapter of
it. The second break pointis demand:
productive use converts a connection
into a revenue stream, which is what
makes the utility and the mini-grid
solvent at the same time. Generation

is the visible part of the problem. Revenue and load are the
binding parts.

Evidence base and method

Solarising Africa is a flagship report of the International Solar
Alliance, developed in partnership with the Regional Centre for
Renewable Energy and Energy Efficiency (RCREEE), the Energy
Transitions Commission (ETC) and the Centre for Economic
Transition Expertise (Cetex). It draws on four bodies of evidence:
the 35 published National Energy Compacts and their
compact progress reports; structured consultations with
ministries, regulators, utilities, developers, manufacturers and
financiers across the continent; analysis contributed by the
partner institutions; and published data from the |IEA, IRENA,
Ember, ESMAP, the World Bank, the African Development Bank
and the Global Solar Council.

Country examples are drawn from programmes already
operating rather than from proposals (Nigeria’s DARES
programme, Egypt’s currency-indexed PPA framework, Kenya’s
integrated productive-use model, Zambia’s duty reform,
Ethiopia’s industrial parks) because the report’s purpose is
replication rather than illustration. Where evidence is contested
or incomplete, the text says so.
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Scope and how to read act, and by when, sequenced across the immediate, medium
this report and long term and assigned to a named actor.

The report covers Solar PV. Itis
continental in scope but built on national
evidence, and it deliberately avoids
treating Africa as a single market: access
rates range from under 20% to above
90%, some systems are grid-dominant
and others distributed-led, and
regulatory traditions and fiscal space
differ profoundly. Its recommendations
are therefore framed to support learning
between African markets rather than
prescription for Africa.

Every chapter follows the same
structure: why it matters, what is
blocking it, what Mission 300 commits
and where the gap lies, the priority
enablers, and a roadmap setting out
what needs to be done, who needs to
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Distributed renewable energy for Last-Mile Access

Distributed
renewable energy
for Last-Mile
Access

2.1 Why distributed renewable energy matters for
Africa?

DRE refers to renewable (predominantly solar, due to its modular
installation) generation sited at or close to the point of consumption,

rather than at large, centralised plants connected through long 29
transmission and distribution networks. Instead of a single technology,

DRE is a spectrum of products matched to a community’s density,

demand and distance from the grid: from a solar lantern lighting one

home, through solar home systems and standalone systems powering
individual appliances, to mini grids that supply whole settlements.
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At least four factors together decide the best-suited option: location, geography and terrain; the socio-
economic vulnerability and ability to pay off the end user; the type of financing accessible to that user; and

who will own and maintain the asset. Productive-use appliances in particular span a wide wattage range: a
solar tailoring unit or digital service centre may draw 40-200 W, while an irrigation pump or cold room draws
several kilowatts. The main DRE products this chapter refers to are summarised below:

Table 2: Distributed Renewable Energy Solutions and Their Typical Applications

DRE product Typical Primary uses Best-suited context
capacity

Pico-solarand 0.5-10Wp
solar lanterns

Solar Home 11-350 Wp
Systems
1-3)
Standalone ~0.3-10 kW
solar for (appliance-
productive sized) processing
use
Mini grids ~10 kW to <1

to 10 MW)

Source: ISA analysis

The category spans four distinct
segments that this chapter treats
together: off-grid solar, pico-lights and
solar home systems sold directly to
households, largely through pay-as-
you-go models; mini-grids, which serve
clustered settlements; standalone
productive-use systems for farms

and enterprises; and rooftop solar for
households, commercial and industrial
consumers and public facilities, whether
behind the meter or grid-connected.
These segments differ in customer,
capital intensity, delivery model and

Average Cost in Underdeveloped
and Developing Countries

Lighting and phone
charging (MTF Tier 0-1)

Lights, TV, fan, radio,
small refrigeration (Tier

Irrigation pumps, cold
storage, milling, agro

Village AC supply for
MW (viable up  homes, businesses and
anchor loads (Tier 3-5)

Remote households with the lowest ability to pay,
and those unable to access low-cost credit to
purchase a larger asset

Dispersed rural households beyond mini-grid reach,
where low-cost financing is available and individual
ownership secures long-term maintenance

Farms, agro-processing units, micro-enterprises
and SMEs that are off-grid or unreliably connected,
particularly where outages fall in daytime or early-
evening working hours, when an inverter-based
standalone system may suit better than a mini-grid

Clustered settlements beyond ~10-15 km from the
grid, where collective ownership and maintenance
arrangements can be sustained

regulatory need, and the analysis that follows distinguishes
them where the economics diverge.

2.1.1 Why DRE makes sense

Electrification has traditionally rested on expanding centralised
grid systems: distribution networks extend outward to connect
households to electricity generated at large-scale facilities. This
model, reliant mainly on conventional generation such as coal,
natural gas and hydropower, has delivered real gains in access,
particularly where economic and demographic conditions are
favourable. But it applies less well where population density is
low, remoteness is high and demand is limited, a combination
common across much of Africa.

MV Line (11-33 kV)

~7,000 USD/km

HV Line (69-132 kV)

~53,000 USD/km

LV Line (0.2-4.0 kV)

~4,250 USD/km

Figure 2.1: Average cost of transmission lines in underdeveloped and developing countries

Source: ISA Analysis
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In many unserved and underserved
regions, particularly in rural areas

of developing countries, the high

fixed costs of extending distribution
infrastructure over long distances are
hard to justify against the relatively
small and dispersed consumer base.
These challenges are compounded by
difficult terrain and weak connectivity,
which increase both upfront capital
requirements and ongoing operation
and maintenance costs, while also
affecting service reliability. At the same
time, demand profiles in such areas
tend to be low and uncertain, reflecting
limited purchasing power and a lack of
productive loads, which thereby reduces
the financial viability of conventional
grid extension. Because these high
fixed network costs are spread across
very little energy sold, each additional
remote consumer pushes up the utility’s
average cost of supply, deepening the
cross-subsidy burden carried by the rest
of the system.

Grid expansion also must be viewed
within the wider system it sits in.
Extending service to new areas

often necessitates complementary
investments in upstream generation
and transmission capacity to maintain
system adequacy and reliability. In
parallel, utilities in many developing
countries are already under pressure
to strengthen and expand networks in
rapidly growing urban centres, placing
additional strain on constrained
financial and institutional resources.
Grid extension costs can reach up
to approximately USD 2,500 per
connection, and achieving universal
access through a grid-centric
approach alone is estimated to
require investments exceeding USD
600 billion. These financial demands
are further compounded by the weak
balance sheets of state-owned utilities
in many least developed countries,
limiting their ability to sustain such
capital-intensive expansion.

Mini-grids are cost-competitive per connection

Mesh-grid
mini-geid

Mini-grid |
W & C Africa

Misi-gad
E & 5 Africa

ConnECTan

1] 500 1000 1500 2000 2500
Capital cost per connection (LU55)

$1,948

Figure 2.2: Cost competitiveness of mini-grids per connection

Source: Africa Minigrid Developers Association

Taken together, these structural and financial constraints highlight
the limitations of a purely grid-based approach to achieving
universal access and underscore the need for complementary
solutions. Decentralised renewable energy systems offer

a pragmatic and increasingly cost-competitive alternative

by aligning system design with localised demand, minimising
reliance on extensive network infrastructure, and leveraging
declining renewable energy costs to deliver more timely, scalable,
and financially sustainable electrification, particularly in hard-to-
reach and underserved areas.

For remote and dispersed communities, DRE offers a more
viable and cost-effective pathway. Positioned between grid
extension and standalone systems, mini grids provide a
scalable solution capable of delivering higher service levels
while remaining more economical than grid expansion in distant
locations. Which DRE product suits a given place depends on
several factors. For example, mini grids are well suited to
settlements beyond 10-15 km from the grid and when the
system size is lesser than 10 MW, with costs influenced by

Clustered
connections

Distribution

Population

density

=

&

£

-]

£

] -

—E Large iz of community Somalt]
g ity of populaton Low e
Close Brvilance L national Corrplen
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Swong T L Conoemi

g

Figure 2.3: The mini-grid viability space.
Source: ISA Analysis
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Additionally, the mesh-grid configuration
can further improve cost efficiency.
Standalone systems, while deployable
in most contexts, are generally limited

to meeting basic household demand
and are most appropriate for sparsely
populated areas where even mini grids
are not economically viable. In addition
to cost and deployment timelines,
factors such as terrain complexity,
distance from the existing grid, and the
economic capacity of target populations
are critical in determining the most
appropriate electrification strategy. For
instance, the least-cost technology
maps closely to a settlement’s distance
from the existing network: grid extension
nearest, standalone systems furthest,
and mini-grids in between.

2.1.2 Resiliencein a
period of rising
climate risk

A further argument for decentralisation
has become more prominent as climate
risk intensifies. Centralised grids carry
their own exposure to climate stress.
Heavy rainfall, flooding and landslides
damage lines and substations; heat

derates transformers and conductors; and long radial feeders
serving remote communities take the longest to restore once an
extreme event hits. For the communities those feeders serve, an
outage lasting days or weeks is not an inconvenience. It cuts off
health services, water pumping, cold chains and livelihoods.

Distributed systems break that link. A mini-grid, rooftop or
standalone system generates at or near the point of use, so
it has no hundreds of kilometres of line to fail, and it keeps
running when the wider network is down. Localised, resilient
infrastructure is therefore more than the least-cost answer
to distance and dispersion set out above. It is an adaptation
measure in its own right and one that matters most for
precisely the communities with the least capacity to absorb
disruption. Health facilities, water systems, cold storage and
communications are the loads where this resilience dividend
is largest, and they are also, as the anchor-load discussion
below shows, among the loads that make distributed systems
commercially viable.

2.1.3 Economic logic of last-mile
productivity

Beyond a threshold of distance and dispersion, grid extension
simply stops paying: the average cost of reaching each
additional remote consumer, the same figure introduced
earlier, climbs faster than that consumer will ever pay back. It
is at exactly this point that mini-grids become the least-cost
option, sitting between grid extension and standalone systems.
a reliable grid still gives the best service for dense residential,
commercial and industrial demand; its limits in the last mile
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are reach and speed, not what it can
technically deliver.

Mini-grids can also be deployed

far faster than the grid, within 9-18
months, at an estimated USD 0.3-0.5
million per site for 50-100 kW systems.
They are already cost-competitive
with grid extension per connection:
average capital cost per connection is
approximately USD 1,046 in Western
and Central Africa and USD 1,948 in

Eastern and Southern Africa, while rural utility connections

frequently exceed USD 2,000. And these costs keep falling.

Mesh-grid design, which links distributed solar kits through a

central hub powering multiple nodes, has cut infrastructure cost

per connection by 41% in one comparison, from USD 1,358 at a
conventional mini-grid control site to USD 803.

In addition, DRE systems are significantly more cost-effective

than diesel generators. A large diesel fleet still runs across
the continent, and every generator in it exposes people and

economies to fossil fuel price swings. Table 3 sets out the
comparison:

Table 3: Comparison of Mini-grids against Diesel Generator and solar-diesel hybrid

LCOE (USD/kWh) USD 0.35-0.60
Fuel cost exposure High / Volatile
O&M complexity High

Carbon emissions High
Scalability Limited
Typical lifetime 1015 years

Source: ISA & RCREEE Analysis

On these numbers the case is no longer
marginal, it is decisive. A solar-plus-
storage mini-grid delivers power at
roughly USD 0.15-0.28 per kWh against
USD 0.35-0.60 for diesel, connects a
household for about USD 1,000-1,950
against more than USD 2,500 for rural
grid extension, and does it in months
rather than the years grid extension
takes. World Bank’s ESMAP programme
names mini-grids the least-cost route to
electricity for around half a billion people
on exactly this basis, and close to half of
the 300 million connections targeted

USD 0.20-0.35 USD 0.15-0.28
Medium / Partial None

Medium Low-Medium
Moderate Near-zero
Moderate High

15-20 years 20-25 years

households, rooftop covers connected consumers, and

clustered settlements beyond economic grid reach, home to
a substantial share of the unserved population, fall in the gap

between them. They deliver the service tiers that productive
use requires: a solar home system supports lighting, phone

charging and a television; a mini-grid supports a mill, a cold

room, a welding workshop and a health facility on the same
network, which is what converts electrification into income.

Of all four DRE segments, mini-grids are also the most

institutionally demanding and the least commercially mature.

A household system sells like a product, through a shop or an
agent. A mini-grid needs licensing, tariff approval, grid-arrival

rules, concession arrangements and a long-term counterparty
relationship, which is why this chapter carries more policy
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under Mission 300 are expected to
come from distributed renewables.

2.1.4 Analysing DRE
technologies

2.1.4.1 Mini grids

content for mini-grids than for the segments that reach
customers through retail markets, and why the gap between
what has been built and what universal-access targets imply is
widest here.

None of this displaces standalone productive use, which
requires its own distinct set of interventions: appliance
innovation, end-user finance, skilling and market linkages and
which is addressed both in the productive-use discussion below

Mini-grids carry the largest share of the
remaining access gap that neither the
grid nor household systems can close. and in the way forward at the end of this chapter.

-Standalone solar covers dispersed
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2.1.4.2 Off-grid

Off-grid solar, pico-products and
solar home systems sold directly

to households, will contribute a
substantial share of Africa’s remaining
access gains, particularly for the
dispersed populations that neither
the grid nor mini-grids will reach
economically. Its central lesson is
worth stating plainly, since it applies
well beyond this segment: technology
has never been the binding constraint.
Panels, batteries and appliances have
been affordable and reliable for a
decade. Success or failure has come
down to whether a company can build
a commercially sustainable model for
serving low-income, geographically
dispersed customers at scale.

Six operational challenges define that
model, and none of them is technical.

= Distribution networks must reach
villages that no retail chain serves,
which means recruiting, training and
supervising agents across vast rural
geographies.

= (Customer acquisition costs are correspondingly high and,
because ticket sizes are small, they must be recovered over

the life of a payment plan rather than at the point of sale.

= After-sales service determines whether a system is still
working in year three - and whether the next household in the
village buys one.

= Repayment performance is the segment’s central financial
variable: pay-as-you-go turns a hardware sale into a
consumer-credit portfolio, and portfolio quality, not unit
volume, is what investors ultimately price.

= Working capital is required continuously, because the
company finances the customer’s system upfront and
recovers it over one to three years, so growth consumes cash
rather than generating it.

= Foreign-exchange exposure cuts through all of it: equipment
is imported, and debt is often dollar-denominated, while
customer receipts are in local currency and cannot be
repriced when the currency moves.

Policy support for off-grid solar should therefore target the
delivery model, not the hardware. Instruments that fix working-
capital cycles, local-currency lending, receivables financing
and portfolio quality will do more for access at scale than unit
subsidies. Quality standards with verified certification protocols
matter too, since repayment performance is what the whole
segment’s access to capital rests on.
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2.1.4.3 Rooftop solar

Rooftop solar has become the fastest-
growing segment of Africa’s solar
market, and it is growing for a reason
that has little to do with subsidy: for

a commercial or industrial consumer
facing unreliable supply and rising
tariffs, a rooftop system is the most
affordable and fastest form of self-
generation available. Utility-scale
projects can take years to procure

and connect. A rooftop installation,

by contrast, goes up in weeks on
infrastructure the customer already
owns, and it competes not against
wholesale generation prices but against
the retail tariff plus the cost of diesel
back-up. Thatis a far easier hurdle to
clear, and itis why the segment has
scaled with private capital in markets
from South Africa and Nigeria to Kenya
and Ghana, even as grid-scale pipelines
take longer to move.

For the energy system, the segment
does three things at once. It relieves
peak demand on constrained networks

at the point of consumption, avoiding transmission and
distribution investment. It keeps productive activity running
through outages, protecting the industrial and commercial
output on which tax revenue and employment depend. And it
converts consumers into prosumers, deepening the market for
storage, smart meters and demand-side services. Rooftop is
also the segment where distributed and grid-connected solar
meet: most commercial systems remain connected to the
network, which makes their treatment a question of tariff and
interconnection design rather than of off-grid policy.

Three policy conditions determine whether the segment scales
or stalls.

= Net-metering or net-billing rules must be clear, bankable and
stable, so that a consumer investing in a 20-year asset knows
how surplus energy will be valued.

= |nterconnection procedures must be standardised and
time-bound, with simplified approval for small systems,
because permitting delay is the single most common cause
of abandoned rooftop projects.

Import duty and VAT treatment of panels, inverters and
batteries must be consistent: Zambia’s removal of VAT

and duties on solar components, paired with fast-tracked
agreements, produced an eightfold year-on-year increase in
solar imports within 12 months.

35
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The Utility Aggregator
model: Way forward for
solar rooftop in Africa

The constraint on rooftop solar is rarely
the technology or even the tariff: itis
transaction size. Individual rooftops

are too small to interest institutional
lenders, too heterogeneous to
underwrite cheaply, and too dispersed
for developers to reach at low customer-
acquisition cost. The Utility Aggregator
Model addresses precisely this problem,
and it is model African utilities are well
placed to adapt.

Under the model, a utility (or an
aggregator licensed by it) assembles
many small rooftop sites into a single
procurement and financing package.
The utility standardises the technical
specification, tenders the portfolio
competitively, and either owns the
assets or contracts a developer to
build and operate them, with the
consumer paying through the existing
electricity bill rather than through a
separate loan. Four advantages follow.
Competitive tendering at portfolio
scale delivers price discovery that

no individual rooftop can achieve.
Aggregation converts hundreds of
small, unbankable contracts into one
investable asset class with a diversified
revenue base. Billing through the utility
relationship removes the customer-
acquisition and credit-assessment
costs that dominate rooftop
economics. And because the utility
remains the counterparty, the model
aligns rooftop growth with network
planning instead of leaving distributed
capacity to appear unmanaged on
constrained feeders.

The model also gives utilities a
constructive role in a segment they

often perceive as a threat to revenue. A
distribution utility losing its highest-value
commercial customers to self-generation
faces a genuine erosion of its balance

sheet; the same utility acting as aggregator earns a service
margin, retains the customer relationship, and gains visibility
over distributed capacity on its own network. For African utilities
pursuing the financial turnaround discussed in the digitalisation
chapter, that is a materially better position than resisting a
segment that will grow regardless. Aggregation is most readily
piloted on public buildings, schools, hospitals, ministries and
water utilities, where the offtaker is the state itself, procurement
is already centralised and payment risk is manageable.

2.2 Current barriers limiting
DRE potential

Despite this potential, solar lights and solar home systems
reached only 258.2 MW of the continent’s 18.4 GW of solar
installations in 2024. This is because the constraint has shifted
from technology to energy delivery economics. Four structural
barriers explain most of the underperformance.

= Astructural financing gap not a capital shortage:
Universal energy access in Africa by 2030 requires an
estimated investment of USD 91-127 billion to reach 380-
490 million people. As of early 2025, only 14% of the USD
9.1 billion committed to mini-grid electrification in Africa
had been allocated, and only USD 1.28 billion had been
disbursed about 2.1% of the capital needed over the rest of
the decade. Results-based framework disbursements remain
low because programmes require developers to pre-finance
projects, while limited access to capital, cumbersome
due diligence and verification processes, and regulatory
uncertainty delay project execution and fund release. The
resultis a mismatch between funding commitments and
actual deployment, with contract signing taking an average of
2.8 years and up to 4 years in some cases.

= An Africa-specific CAPEX premium: Even where capital
is available, the cost of deploying mini-grids in Sub-Saharan
Africa remains structurally higher than global benchmarks.
African mini-grid CAPEX (2024) sits at USD 6,824 per kWp
against a global benchmark of USD 3,000 per kWp. The 2.3x
premium has identifiable causes: high import duties on solar
components in many jurisdictions, fragmented supply chains
with thin regional manufacturing, expensive last-mile logistics,
and small project sizes that miss procurement economies.

= Local-currencyrisk: Equipment imports and most
concessional debt are priced in USD or EUR, while revenue
from end-users is collected in local currency. When African
currencies depreciate, the economics of every project on the
books deteriorate overnight For example, the cost of basic
solar lanterns in Nigeria rose by between 91% to 300% in
local-currency terms in 2023, entirely offsetting the global
decline in solar component prices.
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' Prices in Nigerian naira

1.5 Wp solar lantern

@ 2021/22 price @ 2023/24 price

' Prices in Kenyan shilling

—
32,000 5,590

1,399

1,499

1,199

1.5-3Wp

1.5-3Wp

1.5 Wp solar lantern 1.5 Wp solar lantern 1.5 Wp solar lantern

(Brand A) (Brand B) solar lantern (Brand C) (Brand D) solar lantern
Figure 2.4: Off-grid Solar Lantern Price Trends
Source: ESMAP
= Regulatory friction at multiple = Absent local manufacturing and patient capital, which

stages of the project lifecycle:
Regulatory frameworks designed for
centralised utilities apply poorly to
decentralised systems. Licensing
and approval timelines in many
African mini-grid markets exceed 12
months per site (these numbers vary
by countries as shown in the figure),
consuming a large share of developer
working capital before construction

together block adaptation to local needs: Because
almost all equipment is imported, there is little capacity
in-country to innovate on productive-use technologies for
local conditions, to fabricate, adapt or retrofit equipment
for particular crops, trades and operating environments,

or to supply spare parts quickly. Product development for
African productive use requires patient, risk-tolerant capital
and a domestic fabrication base; without either, the market
is confined to imported appliances that often fit local
conditions poorly and fail early as a result.

can begin.
Benin 39 12
Cameroon
DRC 52 12 24
Kenya 13 12 2 | 6 |
Madagascar 6 6 1 6 1 .
g License Type
Mozambique Il Disco Approval
2 [ Generation License
E Nigeria 11 12 4 5 10 L
° Importation License
o
Rwanda 30 40 [ Tariff Approval License
B Village Rights
Somalia 12 8 12
South Africa
Tanzania 24 4
Uganda 4 B4 4 4
Zambia 4 131 10 6
0 weeks 20 weeks 40 weeks 60 weeks 80 weeks

Approval Time

Figure 2.5: Off-grid Solar Licensing Approval Times
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2.3 Mission 300:
Scaling the
model across
the continent

2.3.1 What s being
done?

Nigeria’s DARES is one national
expression of a much larger effort.
Mission 300 is the joint pledge of the
World Bank Group and the African
Development Bank to connect 300
million Africans (roughly half of Sub-
Saharan Africa’s ~600 million access
deficit) to electricity by 2030. Its engine

is the National Energy Compact: a
government-led, signed reform roadmap
with hard baseline-to-2030 targets for
access, clean cooking, renewables, utility
viability and private capital. Thirty-five
compacts have now been published, and
by mid-2026 more than 50 million people
had been connected across 40 countries.

What makes Mission 300 more than a
pledge is that it hard wires distributed
renewables into national policy. Every
compactis built on the same five
pillars: competitive generation and
grid, regional power trade, last-

mile access through DRE and clean
cooking (Pillar 3), private-sector
participation, and financially viable
utilities. Roughly half of the 300 million
new connections are expected to come
from mini-grids and standalone solar.

The programme also pairs reform with
capital aimed squarely at the hardest
part of the stack. The World Bank and
AfDB have committed USD48 billion to
2030 and aim to mobilise more than
USD238 billion in public and private
investment, and have launched Zafiri,
an investment company targeting up to
USD1 billion to close the equity gap that
has held back decentralised renewables.
Alongside guaranteed platforms such

as ISA’s Africa Solar Facility, this is the financing architecture
that can turn signed compacts into connections. With Nigeria’s

DARES, the working template for the rest of the continent
already exists.

The country-wise evidence shows how differently the same
Pillar 3 commitment lands. Zambia, at 24 inhabitants/km?,
commits to 294,719 connections (mini-grid and SHS) per year,
adding 1,768,311 household connections between 2023 and
2030 and enacts the mini-grid regulations by December 2026
to enable the private sector participation through streamlining
approvals. Liberia, whose 5.56 million people are dispersed
across 14,000 settlements, targets 100,000 household
connections a year with DRE as the only economic route
outside Monrovia. Lesotho has formalised a national clustering
approach separating off-grid, mini-grid and standalone zones
from grid densification; in Malawi, 1.55 million of the 2.7
million planned connections are off-grid, raising electricity
access to 70% up from 25.9%; and Uganda plans roughly
2,712 mini-grids in a phased manner along with continued
scale up of standalone solar systems, cumulative 6 million
units by 2030, to deliver the 85% electricity access by 2030.

2.3.2 What needs to be done?

The arithmetic of the gap is unforgiving. Reaching 300 million
connections by 2030 from the 50-million mark of mid-2026
requires roughly 60 million new connections a year, about
double the pace of the programme’s first eighteen months, and
if half are to come from DRE as the compacts assume, mini-grid
and standalone solar system deployment need to scale faster.
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Table 4: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy Where the continent | Gap to close Closing enabler
Compact commitments | stands

~150 million
connections via mini-

grids and standalone solar
by 2030

Dated DRE regulation in
compacts (Zambia’s mini-
grid rules due Dec 2026)

Programme capital
aligned

Pillar 3 pairs electricity
with clean cooking in all

compacts

Pillar 1 least-cost planning

commitments

Source: National Energy Compacts submitted by African countries

50 million+ people
connected by
mid-2026 across 40
countries

Licensing, tariff and
grid-arrival clarity
still missing in many
markets

Mini-grid capex ~USD
6,824/kWp vs ~USD

3,000 benchmark; only

14% of committed
mini-grid finance
disbursed

~600 million without
electricity; close

to 1 billion without
clean cooking; 3.7 m

premature deaths/year

A least-cost mini-grid/

grid mix would save
~USD 90 bn by 2030
across 15 modelled
markets

The connection
pace must more
than double, with
DRE carrying half
the load

The regulatory
enablers set out
above, executed on
compact deadlines

Guarantee-led
finance, pooled
procurement and
local assembly to
close the cost and
disbursement gaps

Demand side:
systems without
productive, paying
loads stay unviable

Planning tools

not yet steering
national investment
programmes

Financing the build-out: smart subsidies
integrated with the results-based
connection payments — designing

the RBF payments in two parts, with
the first part linked to the successful
connections achieved and the second
component linked to demand growth
structured in the form a payment risk
sharing facility alongside financing for
customers, appliance supply chains
and technical support

Transparent licensing, grid-arrival rules,
cost-reflective tariffs - executed on
compact deadlines

Pooled procurement, duty removal and
local assembly (way-forward priority);
every USD 1,000/kWp saved connects
~10 m more people

Building viable, paying demand around
each system through appliance
financing, anchor customers, deliberate
load growth

Geospatial least-cost electrification;
DRC precedent
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The consumer-side barriers are as
binding as the investor-side ones. The
constraints set out above are framed
from the perspective of governments,
financiers and developers, but adoption
ultimately turns on household and
enterprise decisions. Affordability is the
first filter: even where a system is the
least-cost option over its life, the upfront
payment or the monthly instalment must
fitan income that is often seasonal and
irregular, which is why pay-as-you-go
structures and repayment schedules
aligned to harvest cycles matter as much
as the tariff itself. Willingness to pay is
shaped less by price than by experience:
perceptions of equipment quality, the
visibility of after-sales support, and

trust in the provider’s ability to repair

a fault quickly. Sub-standard imports
and abandoned systems damage that
trust well beyond the customers directly
affected, which is why quality standards,
verified certification and consumer-
protection rules are demand-side
instruments, not merely technical ones.

2.4 Priority
enablers to
accelerate
deployment

Closing these gaps is no longer
primarily a technology problem;itis a
problem of demand and finance. The
interventions that move mini grids from
pilots to a scalable market fall into two
reinforcing categories:

a. Building viable, paying demand
around each system

b. Structuring capital so that scarce
public money mobilises far larger
private investment.

The two sub-sections below detail these

two enablers and highlight how they can

be applied at national scale.

2.4.1 Building viable, paying demand
around each system

Three structural levers decide whether a given mini-grid is viable
at all, before demand can even be built: how it is engineered, what
it is built around, and the rules it operates under. Small changes

in each move the two numbers that determine whether a system
pays for itself: the cost per connection and the load factor.

= Regulation. The first lever is the rulebook, and it is where
clarity pays the highest return. Frameworks written for
centralised utilities fit decentralised systems poorly:
licensing that exceeds 12 months per site, tariffs forced
to match subsidised grid prices, and no clear answer to
what happens when the main grid arrives all raise risk
and cost. Nigeria offers one of the clearest templates
for reducing regulatory risk and accelerating DRE
deployment. Under NERC’s Mini-Grid Regulations 2026,
regulatory requirements are tiered by project size: mini-
grids up to 100 kW require only registration, while larger
systems obtain a single permit that consolidates generation,
distribution and supply approvals, with a target processing
time of 30 business days. Separately, the regulations
expand the scale of projects eligible under the mini-grid
framework by allowing isolated mini-grids of up to 5 MW and
interconnected mini-grids of up to 10 MW. The framework
also introduces portfolio applications, clear grid-arrival
procedures, and compensation mechanisms that protect

developers when the main grid reaches a service area. The




Distributed renewable energy for Last-Mile Access

key lesson is that capacity-tiered, mini-grid cost, network architecture matters more than
single-window regulation, combined the panel price. The mesh-grid designs, where shorter,
with flexible, cost-reflective tariff lighter cables let neighbouring homes share power, cut
structures that allow mini-grid infrastructure cost per connection by 41%, from USD
operators to serve households 1,358 at a conventional site to USD 803. Smart and multi-
and productive-use customers load metering, grid densification, remote monitoring, and
sustainably, investor protection, right-sizing systems to measured rather than assumed
and integrated electrification demand compound these savings. On the demand side,
planning, can significantly reduce raising a mini-grid’s load factor from 22 to 40% through
regulatory risk and accelerate private productive use could cut the cost of supply by up to 27%.
investment in DRE. Interconnected configurations and smart, multi-load

= Building demand. Hundreds of metering with pay-as-you-go billing cut technical and

millions of people worldwide still
lack electricity, and most solutions

commercial losses further, the quiet leakages of energy and
revenue that sink mini-grid returns.

focus on extending power supply = Anchor loads. The customer whose steady, creditworthy
infrastructure. But in marginalised demand underwrites the system and lifts its load factor. The
areas, low electricity demand makes type of anchor shapes the entire business case, from load
the expense of that infrastructure profile to bankability. The Anchor-Business-Community

hard to justify. Increasing the use pattern examined below, a telecom tower or agro-

of energy-efficient appliances in processor underwriting a cluster of shops and homes, is the
these areas can attract electricity configuration most consistently associated with commercial
supply investments while delivering viability. Productive use itself spans three broad families of
climate benefits. Reaching the level application, and programme design should address them

of appliance use needed to close this distinctly rather than as a single category: agriculture -

gap would require allocating 15% irrigation pumping, on-farm mechanisation, agro-processing,
of supply-side investments, or USD milling and cold storage; livestock, milk chilling, poultry

38 billion, toward demand growth lighting and egg incubation; and micro-enterprise and
between now and 2030. The funding services, digital service centres, tailoring units, barber shops,
should focus largely on improving grocery and refrigeration, local crafts, pottery and small-
appliance affordability. scale manufacture. These differ in load profile, seasonality,

« Design and technology. Because capital requirement and the type of end-user finance they

distribution, not generation, drives need, and the appliances that serve them range from tens of

watts to several kilowatts.

Table 5: Typical Anchor Customers and Load Characteristics

Anchor type Load profile Why it anchors the system

Telecom towers Steady, 24/7,~1-3kW  Bankable, creditworthy offtaker providing a predictable base load

Agro processing and mills  High, daytime, seasonal Large productive daytime load that keeps value inside the village

Irrigation and cold storage  Daytime, seasonal Raises load factor and farm incomes; strengthens food security
Health facilities Steady, priority Reliable, often publicly backed offtaker with high developmentvalue
Water pumping/utilities Daytime, flexible Deferrable load that absorbs surplus daytime solar generation
Commercial and Mixed, day and evening Broadens the revenue base; higher willingness to pay

hospitality

Micro-enterprises and Daytime and early Enterprises that are nominally connected but experience

SMEs on unreliable grid evening outages during working hours are a real and creditworthy

supply demand segment. Where the grid exists but is unreliable, an

inverter-based standalone or behind-the-meter system may
serve them better than a mini-grid.
Source: ISA & RCREEE Analysis
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Two illustrations show how anchor loads work in practice. The first is a continental-scale opportunity
assessment rather than a single deployment; the second is an operating business model already in use
across several markets. The anchor loads are explained in detail by two case studies:

Case study 1: Opportunity for electric mills

Maize is Africa’s most widely grown cereal. Sub-Saharan
Africa mills around 90 million tonnes of maize annually,
burning ~900 million litres of diesel and emitting 2.3 million
tonnes of CO2 in the process. Replacing that diesel-powered ' ‘

milling fleet with electric mills run by mini grids could add -
around USD 2.5 billion to African economies each year by m
2030. The millis not simply another customer here: itis the 3’ o
anchor load that transforms a mini-grid’s commercial profile.

The downstream effects reach well beyond the millitself. ‘
An electric mill displaces diesel and the price volatility that

comes with it. It cuts both the cost and the physical labour

of milling, freeing time for school and enterprise. It keeps Figure 2.6: Diesel Mini-grid Emissions in Africa
milling and its margins inside the village, rather than exporting Source: Cross Boundary Energy

grain and value to distant towns. It creates local jobs in operation, maintenance and processing. It
strengthens farm-gate incomes and food security. And because it deepens daytime load, it pulls the
mini-grid itself away from subsidy dependence and towards commercial viability. In this configuration,
electricity access becomes the first link in a chain of development outcomes, not the last.

Case study 2: Anchor Business Model

The Anchor-Business-Community (ABC) model centres on a high-value anchor load, typically a telecom
tower, supporting 5-10 businesses and 200-500 households, powered through a ~14 kW solar PV mini-grid
with battery storage. The anchor’s steady demand ensures reliable revenues and system stability under a
Build-Own-Operate-Maintain framework, strengthened by financing support and regulatory oversight. The
configuration is in commercial operation in several African markets (most visibly in Nigeria) where telecom-
tower-anchored mini-grids have been developed under the Rural Electrification Agency’s programmes.

Financial viability is driven by differential tariffs: the anchor pays a premium that cross-subsidises affordable
tariffs for businesses and households. Smart metering, prepaid billing and flexible payment options reduce
revenue risk and support demand uptake. The model delivers reliable power for lighting, phone charging and
productive uses, lowers diesel dependence, and enables local income generation.

Poadoad melered package
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Figure 2.7: Private Mini-grid Stakeholder Structure
Source: ISA Analysis
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Both cases make the same point: a mini-grid’s commercial viability depends on what is plugged into it.
Productive use is not a downstream benefit of access; it is what makes access pay for itself.

Enterprise readiness is the missing link between finance and the end user.

Even where credit lines exist, financial intermediaries report rejecting a high proportion of enterprise
applications for reasons that have little to do with the underlying business opportunity. Experience

from intermediaries in Nigeria is instructive here. Rejections cluster around a small number of recurring
weaknesses: unclear governance structures within the enterprise or cooperative; the absence of signed
contracts with anchor-load or offtake clients; business viability that has not been mapped or evidenced; and
weak procurement and supply-chain arrangements. The practical response is to fund enterprise preparation
alongside capital: support for detailed project reports, business plans and financing proposals, delivered
with an understanding of the specific criteria on which lenders in that market decide. This is a low-cost
intervention that raises the conversion rate of existing credit lines, and it should be treated as part of the
financing architecture rather than as a training activity.

2.4.2 Financing the = Smart subsidies - public money that crowds in, not

. . crowds out. The role of subsidy is to bridge the gap
bUIld out: smart between what remote customers can afford, what cost-

su bSIdle_S’ reflective service requires and how it can contribute to
aggregatlon’ a nd demand growth, without displacing private capital. Results-
blended finance based financing and minimum-subsidy reverse-auction
Reaching universal access through tenders pay only against verified connections and force
developers to compete on the lowest subsidy needed, 43

mini-grids is, in the end, a capital-
formation problem. The USD 91-127
billion needed to electrify 380-490
million people by 2030 will not be met
by public budgets alone. The work is to
structure scarce public finance so that

directing public funds to the projects that deliver the most
access per dollar. Demand-side subsidies targeted at the
poorest customers preserve affordability while keeping
tariffs viable. Smart subsidies can also be integrated with
results-based connection payments in a two-part structure:
the first part linked to successful connections achieved,

it mobilises larger pools of private and
the second linked to demand growth, structured as a

institutional capital.
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payment risk-sharing facility. In plain
terms: results-based financing
means the developer builds first
and is paid once an independent
verifier confirms the connections
are working, while a minimum-
subsidy tender awards the project
to whichever qualified developer
asks for the least public money per
connection.

Portfolio aggregation — from
one-off projects to an investable
asset class. Individual mini grids
are too small and dispersed to
interest institutional investors,

and their transaction costs are
disproportionate. Bundling many
sites into portfolios (standardising
contracts, procurement, O&M and
reporting) lowers per-site costs,
spreads risk, and creates ticket

sizes large enough for commercial
debt and equity. Aggregation is the
bridge from grant-dependent pilots
to a bankable, scalable market. Put
simply, aggregation bundles many
small sites into a single package large
enough for an institutional investor to
assess and finance once, rather than
site by site.

Risk
absorbed

by public
capital

Local-currency considerations - a constraint, but

also a hedge. Currency depreciation is an economy-wide
shock, not a solar-specific one: it raises the local-currency
cost of everything imported, from mini-grid components

to the diesel that fuels the incumbent alternative. For a
solar project the effect cuts both ways. Up front, because
equipment and most concessional debt are priced in

hard currency while revenue is collected in local currency,
depreciation inflates CAPEX and can erode a project’s
economics overnight; the cost of basic solar products in
Nigeria rose 91% to 300% in local-currency terms in 2023.
Yet once built, a solar asset carries no fuel-import bill, so
itis insulated from the very exchange-rate and fuel-price
volatility that keeps making diesel generation more expensive
in local-currency terms. Depreciation therefore worsens
solar power’s entry cost while strengthening its lifetime
competitiveness and its value as an energy-security hedge.
The policy task is to attack the entry-cost side directly:
through local-currency lending facilities, partial-risk and
currency-hedging instruments, revolving debt facilities such
as the IFC window within DARES, and local assembly and
manufacturing that shrink the imported share of CAPEX.

A blended-finance architecture for productive DRE
markets. These instruments work as a stack: concessional
grants and results-based financing absorb first-loss

and bridge affordability; development and blended debt
(including local-currency and guarantee instruments) lower
the cost of capital; and de-risked, aggregated portfolios
attract private equity and commercial debt at scale.

Private & institutional capital

Commercial debt, aggregated portfolio

Scales the market

Development & blended debt

|IFC facility, local-currency, guarantees

Concessional/ grant (smart subsidy)

Lowers cost of capital

De-risks & crowds in

IDA, RBF, catalytic grants

Figure 2.8: Blended Finance Architecture for Productive DRE

Source: ISA Analysis
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ISA’s Global Solar Facility:

Within this stack, guarantees are the single most powerful lever in Africa, because the binding constraint is
rarely the absence of capital: it is the perception of risk. ISA has operationalised this approach through its
Global Solar Facility (GSF), with the Africa Solar Facility (ASF) as its first regional vehicle. ASF deploys
three reinforcing instruments: a payment-guarantee fund to backstop offtaker payment risk; an insurance
fund to cover residual project, currency and political risks; and a concessional seed investment fund
supported by development banks. Together, this de-risk the entire payment chain without displacing private
capital, while technical assistance addresses the regulatory barriers that deter investment in the first place.

ASF is targeting USD 200 million in total, with an initial USD 74 million phase ready for launch. The
blended-finance structure has been finalised, the risk-mitigation tools defined, anchor capital secured,
and governance arrangements established to ensure strong, Africa-based execution. A clear project
pipeline has been identified, and replication pathways through country platforms and thematic investment
stacks are designed to extend the facility’s reach across the region.

2.4.3 Case study:
Nigeria DARES

Nigeria carries the world’s largest
electricity access deficit: roughly 85
million people without supply, some
35% more than the next-least-electrified
country. Access has grown at about

1.1% a year while the population has expanded at close to 3%,
meaning the absolute deficit continues to widen. Unreliable
supply is estimated to cost the economy around USD 25
billion a year, equivalent to 5-7% of GDP. This is precisely the
terrain in which decentralised renewables are the least-cost
answer: dispersed rural demand, weak utility balance sheets,

uneconomic grid extension.
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Figure 2.9: Results-Based Financing Model for Mini-grids

Source: ISA Analysis
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The Distributed Access through

for technical assistance. This public capital is blended with

Renewable Energy Scale-up (DARES)
project is a USD 750 million IDA-
financed programme implemented by

JICA co-financing, an IFC revolving debt facility, and GEAPP
support, structured to mobilise more than USD 1.1 billion in

total investment. The architecture maps onto the four structural

the Rural Electrification Agency (REA),
targeting new or improved electricity
access for 17.5 million Nigerians. It

is the scale-up of a proven approach
rather than a fresh experiment. Its
predecessor, the Nigeria Electrification
Project, demonstrated in-country that a
results-based, private-sector-led model
works: 180 mini-grids commissioned,
more than 5.4 million people reached
through solar home systems, every

USD 1 of public money mobilising
around USD 1.50 of private capital,
and a competitive field of more than 100
qualified developers. DARES carries
that template into a much larger pipeline.

The programme’s design responds
directly to each of the structural barriers
identified earlier. Of the USD 750
million, USD 410 million is allocated

to mini-grids alongside USD 300 million
for standalone solar and USD 40 million

barriers as follows.

Closing the financing gap with catalytic, blended
capital. DARES pools concessional IDA credit with
development-partner and commercial finance so that scarce
public money de-risks investment rather than displacing it,
repeating roughly the same 1.5x leverage the predecessor
programme achieved, and pushing total mobilisation past
USD 1.1 billion.

Compressing the CAPEX premium through competitive
price discovery. Alongside developer-led Performance-
Based Grants, DARES introduces a Minimum Subsidy
Tender in which developers bid the lowest subsidy they
need and the market sets the price. Aggregated, REA-
prepared site pipelines and standardised contracts capture
economies of scale across hundreds of sites: directly
attacking the small-project, fragmented-procurement costs
that inflate African mini-grid CAPEX.

Shifting performance and payment risk onto results.
Grants are paid only against verified milestones (customer
connections first, then a minimum capacity-utilisation factor
after a year of operation) so public funds follow delivery,

not promises, while the IFC debt facility and local financing
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readiness ease the local-currency
pressure that erodes project
economics.

= Removing regulatory friction.
REA acts as a single, credible
counterparty and one-stop shop.
A streamlined single-stage tender
process and standardised tripartite
and franchise agreements pre-
cleared with the regulator cut the
per-site licensing timelines that
elsewhere consume a year or more
of developer working capital before
construction can start.

DARES’s most distinctive innovation

is the interconnected mini grid, a new
USD 127 million window aimed not at
remote villages but at the underserved
urban and peri-urban areas that grid-
connected utilities serve poorly. Through
tripartite and franchise agreements,
developers ring-fence a cluster, take
over metering and collections, invest

in the local network, and pay the
distribution company for bulk power
and network use. The utility is paid in full
for energy delivered, sheds collection
losses, and earns network and franchise
fees, while customers get reliable
supply, turning a loss-making segment
into a revenue generator.

With this programme, Nigeria is building
one of the largest public solar mini-grid
programmes in the world, and, more
importantly, a replicable blueprint

for moving distributed renewables

from pilot to scale through blended
finance, competitive subsidy and utility
partnership.

2.4.4 Sustaining service
beyond first

connection

Access programmes are measured at
the moment of connection, but their
value is realised over 15 to 20 years,
and this is where distributed markets
have historically underperformed. As
Africa’s DRE installed base matures,

three obligations move from peripheral to central. Maintenance
ecosystems must exist within reach of the customer: a trained
technician, a spare-parts supply chain and a service relationship
that survives the end of the project that financed the installation.
Battery replacement is a scheduled, predictable event, not a
contingency. Most systems will need it once or twice within their
operating life, and neither tariffs nor subsidy structures routinely
provide for it, which is a principal reason mini-grids and home
systems fall out of service. And end-of-life management for
panels, inverters and especially lithium and lead-acid batteries
requires collection and recycling arrangements that barely exist
at present; extended producer responsibility, applied at the point
of import or sale, is the most practical way to establish them
before volumes make the problem unmanageable. This is also
where the mobility chapter’s retired traction batteries become
an asset rather than a liability: second-life packs are a natural

fit for mini-grid and rooftop storage, closing a loop between two
chapters of this report.

The programmatic implication is that support instruments
should be designed around the whole service life, not the
installation event. Results-based payments that reward verified
electricity use and continued operation in year five, rather than
connections in year one, do this directly and they align the
incentives of developers, financiers and governments with the

outcome that matters.
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2.5 The way forward

The technology debate is settled: solar
mini-grids and standalone systems are
now the lowest-cost path to universal
electricity access across much of Africa.
What remains is not innovation but
execution, specifically how systems are
delivered and financed. African mini-
grids cost about USD 6,824/kWp, more
than double the global benchmark of
roughly USD 3,000. Closing that gap
will take local manufacturing, pooled
procurement, removal of import duties,
and sustainable, affordable demand
creation among end-use consumers.
Every USD 1,000/kWp reduction could
unlock roughly USD 4.2 billion (at ~USD
450/connection), enough to connect
10 million additional people. Seven
mutually reinforcing priorities can
convert this potential into connections,
and connections into livelihoods.

= Make demand bankable, not just
available. Anchor every system in
productive use (appliance financing,
anchor customers and deliberate
load growth) so that electricity drives
income and each mini-grid earn its
way to viability. The electric-mills
opportunity alone illustrates the
impact: a USD 2.5 billion annual
dividend, with ripple effects across
jobs, gender, food security and
emissions.

= Backinnovative business models
that deepen investor interest.
The DARES case study highlights
the replicability potential of the
interconnected mini-grid business
model, targeted at underserved
urban and peri-urban areas where
grid-connected utilities serve
poorly. It is the segment where
paying customers already exist,
which makes it easier to build a
commercially viable business model.

= De-risk capital with guarantees,
not just grants. Scale guarantee-led
instruments that convert perceived

risk into bankable cash flows and mobilise private capital at
a high multiple of the catalytic funds committed. Payment
guarantees, insurance and local-currency cover should
become the default architecture for African DRE finance, not
the exception.

=  Channel subsidy through results-based service and
minimum-subsidy (reverse-auction) mechanisms
that pay only for verified connections, result in demand
growth (measured through minimum level of actual use of
electricity), rationalise support toward the hardest-to-reach,
and protect affordability for the poorest without distorting
the market.

= Create regulatory and programmatic clarity. Provide
transparent licensing, cost-reflective tariffs and clear rules
for what happens when the main grid arrives, and design
national programmes that sequence pilots into aggregated
portfolios, lowering transaction costs and turning dispersed
projects into an investable asset class.

=  Codify learning and build a continental community
of practice. Lessons from Africa and beyond (on what
has worked, what has not, and why) need to be captured
systematically and shared. Replicable blueprints, common
technical standards, and a community of practice anchored
at ISA can shorten deployment timelines and reduce costs
across markets.

= Design programmes at ecosystem level, not around
a single instrument. Results-based financing paid
against sales or installations alone is the most common
oversimplification in this market, and it reliably produces
stranded assets: equipment deployed where there is no
service network, no productive demand and no market
linkage to sustain it. Durable programmes combine a
minimum set of ecosystem interventions - quality assurance
and performance standards, technician training and
after-sales capacity, end-user and enterprise finance,
technical assistance, and market linkages for the goods that
customers produce with the power. Not every intervention
can be delivered everywhere at once; the practical testis to
identify the minimum combination without which assets will
strand, and to fund that combination deliberately rather than
assume it will emerge.

The destination is clear and the instruments are in place. The
decisive variable now is execution. The countries that move
first (making demand bankable, capital guaranteed, subsidies
results-based, regulation enabling, and learning shared) will set
the pace, accelerating progress toward universal access well
before 2030. The dividend is not access alone, but the wider
economic outcomes that flow from it: jobs, productivity, energy
security, and a more inclusive form of growth.
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2.5.1 Roadmap for
Scaling DRE

Africa’s energy future depends on
harnessing its abundant solar resources
for sustainable development, and this
roadmap sets out a multistakeholder
framework for accelerating DRE as a
national electrification priority. Backed
and guided by Africa’s leadership, its
main target is to bridge the energy
access gap while driving agricultural
productivity, green job creation,

and climate resilience. Built on six

connected pillars: Policy Framework,
Legal and Regulatory, Institutional
Architecture, Infrastructure, Financing
Frameworks and Instruments, and

Head of State /
(oF: 111, 1514

Ministries —
Energy - Finance
- Planning - Agri

Energy Regulator
/ Standards

DRE Delivery
Unit / Utility

Private Sector /
Developers

Financier /
DFI/ISA

Skilling and Workforce Capacity Building, and it sets out the

actions and roles that ministries of energy, finance, education
and ICT, regulators, private developers, financiers and delivery
units must carry out together.

The roadmap requires energy access that supports income-
generating activities, alongside faster licensing, fair cost-
reflective tariffs, and performance-based grants. It also suggests
creating a dedicated DRE delivery unit to ensure momentum.
Key focus areas include isolated and grid-connected systems,
standalone solar home systems (SHS), contracting models, and
digital infrastructure. By tapping into technical support from

the International Solar Alliance (ISA), requiring certification for
local workers, and reducing financial risks through central bank

facilities and currency protection tools, this roadmap delivers

IMMEDIATE — Establish

foundations
Priority actions to unlock deployment

Declare DRE a national
infrastructure & access priority

Anchor DRE in jobs, food-
security & climate agendas

Least-cost electrification plan
with DRE priority zones

Differentiated subsidy
architecture; digital
procurement

Draft licensing, tariff & grid-
arrival rules

Set consumer-protection
standards; launch sandbox

Mandate utility to recognise
DRE in least-cost plan

Establish Delivery Unit
(PMU); define 3-track model

Market scoping & regulatory
consultation

Embed productive-use; build
local supply chains

Activate sovereign-DFlI
partnership framework

Design blended-finance
instruments; local-currency
via TCX

Ratify Cabinet Decision;
gazette DRE policy

Budget speech carry DRE-
linked metrics

Convert plan to site-level
investment pipeline

RBF window with verified
disbursement; workflow live

Gazette mini-grid desk;
approve portfolio tariffs

Accredit Independent
Verification Agents

Open grid + DISCOM loss
maps; onboard developers

All three models operational
at scale

Win first tender; sign 10-20
site concession

Deploy appliance finance;
raise local content

First milestone-based DFI
disbursement

Pilot instruments; first
portfolio guarantee

Figure 2.10: DRE roadmap framework

Source: ISA Analysis

a ready-to-invest, repeatable blueprint. This paves the way for
sustainable energy access, a more resilient grid, and lasting
socio-economic growth for communities. The Figure 2.10 below
illustrates the roadmap framework for scaling DRE in Africa.

LONG TERM — Sustain &

optimise
Embed enabling environment at scale

DRE a standing measurable in
GDP, NDC & SDG reporting

Pipeline anchors DFI +
private capital

RBF transitions to commercial
lending window

Bulk licensing via digital portal

Tariffs converge to grid parity;
sandbox standard

Utility-DRE co-management
protocols

Unit matures into
autonomous agency

Scale to 100+ site portfolio,
self-sustaining

Capture downstream margin;
domestic debt financing

DFl exits as domestic capital
takes over

Scale & securitise
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Solar for
agriculture:
powering agri-
food value chains

3.1 Why solar agriculture matters for Africa
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3.1.1 Context and Background

Africa’s agricultural sector is the backbone of the continent’s
economy, employing over 60% of the labour force and
contributing approximately 35% of GDP. Smallholder farmers
produce nearly 80% of the continent’s food. However, the

sector remains trapped in a cycle of low productivity and high
climate vulnerability. More than 95% of cultivated land in Sub-
Saharan Africa is rainfed, making agricultural production highly
dependent on increasingly variable rainfall. At the same time,
only about 4-6% of cultivated land is irrigated, among the lowest
irrigation rates globally. Where irrigation exists at all, farmers
typically rely on costly diesel pumps or unreliable grid power,
and limited energy access for processing, cold storage and value
addition constrains productivity and rural incomes further.

The consequence is a structural food- constrains agricultural productivity across the entire agri-food
energy gap: agriculture underpins value chain, from irrigation, mechanisation, milling, drying,
livelihoods across Africa, yet the pumping and processing to refrigeration, cold storage, grading,
continent accounts for only around packaging, digital advisory services and market connectivity.
4% of global energy consumption. Without reliable electricity, farmers are often unable to preserve
The deficit is most severe in regions perishable produce, undertake value addition, or access

where food insecurity is highest: higher-value markets. As a result, post-harvest losses remain
more than 50% of East Africans and exceptionally high, with the absence of adequate cold-chain
over 75% of rural populations in Sub- infrastructure alone costing Sub-Saharan Africa an estimated
Saharan Africa lack access to reliable USD 4 billion annually in spoiled perishables.

electricity. Limited energy access




52

Solar for agriculture: powering agri-food value chains

The resource to close this gap is quite
literally overhead: Africa holds 60% of
the world’s best solar resource, with
average annual irradiation exceeding
2,100 kWh/m®and a global-leading
average of 4.51 kWh/kWp/day.

Leveraging this immense potential is
not merely a marginal technological
upgrade; it is a structural necessity for
Africa’s future. Implementing solar-
powered agri-food value chains that
span the entire agricultural production
cycle, from irrigation, mechanisation

Primary Production Harvest & Processing & Storage &
[On-Farm Activities) Post-Harvest Value Addition Distribution

['-1-"51 Solar Crop Diryers Z Solar Grain Mils mE Solar Cold Rooms
PG Py

and harvesting to processing, drying, milling, cold storage,
milk chilling, and value addition, offers a pathway to improving
agricultural productivity, reducing post-harvest losses,
strengthening rural enterprises, and enhancing food security.
Beyond crop production, solar technologies can also support
livestock watering, fisheries, hatcheries, farm logistics, and
emerging climate-smart solutions such as agrivoltaics.
Together, these applications show solar energy’s potential

as a key enabler of resilient, productive agri-food systems
that can address the interconnected challenges of hunger,
unemployment and climate vulnerability over the coming
decades. As illustrated in Figure 3.1, integrating solar energy
across every stage of the agri-food value chain forms the
cornerstone of this transformation.

[
pﬁ: . Solar Theashars ﬁ! Splar Ol Presses ‘I Solar Relrigeration
G E.q Solar Milk Cocling
é & Zalur Shellers m Solar Faod Pracessing
. FJ% Sialar Ice Making
w— Diranes for Crop Monitoring . 1Y i
am Bipaying M i L Grading Sofar Milk Chiling &
PR Tep .UI Blaming @h Pastwursation m “Solgr-powered Coid Chain|
-I—I—T.- Procision Imgation Logistics
#  (DripySprinkier Systems) e
i Bl & scting & Packaging ﬂn Star-poverred Packirging @ Marint Cubd Storage
Aggri-wshaics [Dual U of ’ T
saals Lomd for Crape & Sols) R & Sealng Facilities
:r" ' Impecvas water-uss efficiercy, E "\ Reduces post-harvest koses .:r:’i.\} ,Eu.| “::..-ﬁim N Ww nﬁ-ﬂrﬁm—
e/ chemate restence and farm procuctivity. | “I".-‘.-’t and preserves crop quality. \_!'_,.f iz [\ o ity
LY » e o e —
CROSS-CUTTING SOLAR APPLICATIONS SUPPORTIMNG RURAL LIVELIHOODS
.H' UIVESTOCK E FOULTRY D  risncmes e ST AL
h * Solar Uwntock Walsring :t:ii = Soler Bgg inoebaton : & Selar Fiuh Drying ';i:' » Rural Concasthity » Riurel Enbaipse
: » Soler low bk ol . -
H - Evotric Fancing {23+ Poulary Houss Varslation g5 e qm (4 - oo Adviory Service BR - schesh
. ik 2 i I Flﬁvqmufﬂq 3 * [Farrs: Mansgurseet Systerna ® Haaith Cardlery
it « Disiry Conirg £ - Heixnerm 0 - - o]+ Date Colection & Mesitoring ._E. » Corumanity Sevcn Facitie

4

Figure 3.1: Productive use of solar energy

The economics are well demonstrated
at every link of the chain. Solar water
pumping lifts smallholder yields by up
to 300%, as seen in Kenya, where solar
water pumping combined with high-
efficiency drip irrigation, rather than
traditional surface methods, drives these
results. These peak gains typically come
from letting families irrigate through the
dry season for the first time, moving
from vulnerable rain-fed agriculture

to consistent, year-round irrigation,

Source: ISA & RCREEE Analysis

particularly for high-value horticultural crops like vegetables,
which respond more dynamically than staple grains.

Agrivoltaics performance is inherently site- and crop-specific,
with outcomes determined by the unigue intersection of local
environmental conditions, soil types, and specialised system
designs. While panel shading shields crops from extreme heat
and significantly reduces evapotranspiration and irrigation
demand in semi-arid regions, crop responses vary widely; for
example, leafy vegetables and drought-sensitive crops often
show yield increases, whereas shade-intolerant species may
experience productivity declines. Solar dryers and mechanised



threshers cut labour and spoilage in
post-harvest handling.

Solar grain mills and solar oil presses
empower rural communities to add
significant economic value to raw
staples locally. These processing
systems, create stable income streams
while reducing the time-intensive,

hard manual tasks. Finally, solar cold
storage and ice production extend

the shelf life of products from 2 to 21
days, preventing spoilage, supporting
refrigerated distribution to distant, high-
value markets.

3.1.2 Why a solar-
powered agri-food
value chain is
needed

Integrating solar technologies across
the African agri-food value chain
optimises energy security and
enhances water and food security,
delivering a ‘triple win’ of economic,
social and environmental resilience
through increased rural incomes,

job creation, and reduced carbon
emissions.

3.1.2.1 Energy security: transitioning from volatile
diesel to reliable solar power

Decentralised solar systems substantially reduce the exposure
to imported fossil fuels by providing locally generated, price-
stable electricity for irrigation, agricultural processing and
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cold-chain infrastructure. While daytime applications such as
irrigation pumping can often operate directly on solar power,
energy-intensive or continuous operations, including cold
rooms, milk chilling, milling and agro-processing, may require
battery storage, hybrid energy systems, productive-load
management, or integration with mini-grids to ensure
reliable round-the-clock operation. When appropriately
designed, these systems can reduce diesel consumption, lower
operating costs by 60-80% and improve the resilience and self-
sufficiency of rural agri-food enterprises.
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Problem

Potato farmers
produce yields

only 15-25 ton/ha
compared to 50 tons/
ha industrially, due

to rainfed farming and

Stakeholders

Key stakeholders
include smallholder
farmers, women’s
cooperatives, and
industrial producers
and government

e

— O
Primary action involves

replacing polluting
fossil-fuel generators

with solar-powered
irrigation systems
(SPIS).

NP7
AR
Annual fuel savings of
approximately USD
2,384, allowing the
investment to pay for
itself in less than two
years.

costly diesel pumps. agencies (MAER,

ANIDA, SAED, ARMI).
\ AN J J J

Figure 3.2: Solar irrigation in Senegal
Source: ISA & RCREEE Analysis

Climate imperative

Africa is the world’s most climate-vulnerable continent, and no other region experiences more droughts.
Climate change is forecast to reduce major crop yields by 8-45% by 2050. More than 80% of African
cropland currently relies on low input, rainfed production. Solar irrigation is therefore not simply an
economic upgrade for Africa. Itis the continent’s most scalable strategy for adapting to drought.

3.1.2.2 Food and Water Security treatment plants, can be channelled into farmland irrigation,

) ) improving the overall efficiency of water distribution while
Integrating solar energy across the agri- .
S supporting groundwater and surface-water management.

food value chain significantly supports

When these diverse water sources are paired with water-
efficient techniques like drip and sprinkler irrigation, the
agricultural sector can significantly reduce water wastage and

food security by powering sustainable
irrigation, enabling year-round cropping.
In sub-Saharan Africa, over one-third

energy requirements for pumping. Irrigation technique is chosen
based on crop type, as the figure below illustrates.

of unmet crop water requirements
could be met using solar PV irrigation
systems that are financially sustainable,
potentially generating more than USD

5 billion in annual profits for farmers.
Furthermore, decentralised cold storage

systems reduce post-harvest losses by
as much as 80%.

A holistic approach to the water-

food nexus looks beyond individual
technologies to the entire food-
production ecosystem, integrating
infrastructure such as canal systems
and reservoirs to manage and convey
water in arid, low-rainfall regions. To
further optimise resource management,
non-conventional water sources, such

as treated wastewater from sewage
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Drip Irrigation

Olives, Tomatoes, Onions, Chilli, Cabbage, and various high-value vegetable
crops. Drip is ideal for widely spaced, high-value crops and saline environments.

Maize (Corn), Wheat, Potatoes, Soybeans, and Bananas. Sprinklers are

Sprinkler . . ) .
Irriati frequently used for field crops and are often integrated with solar pumping for
rrigation

g both smallholder and commercial farming.
Flood/Surface Rice, Teff, and traditional Staple crops (such as traditional Maize and Corn).
Irrigationy Flood irrigation remains common for traditional cereal production.

Additionally, innovative agrivoltaics
designs apply panel shading that
reduces crop evapotranspiration, lowers
irrigation water demand by up to 29%
and improves crop survivability during

warm periods.

Extending this holistic framework to
strengthen the business capacity
of smallholder cooperatives and

Nigeria produces
35 million tons

of perishable food
annually but loses
50% due to a lack
of cold storage.

Figure 3.3: Irrigation systems suitable for crops
Source: ISA & RCREEE Analysis

farmer groups is essential for turning them into commercially
viable enterprises. By providing targeted capacity building in
market identification and appropriate product branding, these
groups can capture greater value from their produce and shift
from being mere ‘price-takers’ to active market participants.
Implementing direct-to-market linkage platforms and collective
marketing strategies lets these organisations bypass traditional
intermediary systems (middlemen), which currently capture a
significant share of value-added benefits.

Stakeholders

Q

_o_ S
3%@ &'%

&é&
ColdHubs Ltd and

women managers provide
solar-powered storage

to 5,250 smallholders,
retailers, and wholesalers.
Supported by global
partners include IPRI,
BASE, GIZ, UkAid and
government entities.

J

Installed 100%
solar-powered walk-
in cold rooms in farm
clusters and outdoor
markets, users pay
100 Naira ($0.50) per
20kg crate per day.

.

Fresh fruit and
vegetable shelf life is
increased from only 2
days to over 21 days,
saving annually 42,000
tons food and nearly
4 million kg of CO2.

Figure 3.4: Solar-powered walk-in cold rooms in Nigeria
Source: ISA & RCREEE Analysis

Africa holds roughly 45% of the world’s land area suitable for sustainable production; however, the
lack of modern practices has left yields for essential crops at only 20% of their potential.
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3.1.2.3 Resilience: Economic,
Environmental, and
Social Impacts

Solar adoption in the agriculture sector
triggers transformative gains across
three pillars of resilience:

Economic Resilience: Transitioning
from diesel to solar-powered irrigation
can substantially improve agricultural
productivity and rural livelihoods.
Reliable and affordable irrigation
enables year-round cultivation and
supports the production of higher-value
crops, with irrigated agriculture capable
of increasing crop yields by up to 2.7
times compared to rainfed farming.
Beyond irrigation, access to solar
energy can also support post-harvest
activities such as drying, processing,
storage, and packaging, helping to
reduce post-harvest losses, extend shelf
life, and enhance the market value of

Problem

Uganda’s agriculture
sector employs 70%

of the workforce but
is severely crippled
by climate shocks,
high upfront technology

Stakeholders

Market-oriented
smallholders, DF
Partners include World
Bank, DANIDA, GGCI,
Mercy Corps, and
GIZ and Government

costs and prohibitive Entities: Ministry of systems. A total of and onions.
commercial interest Agriculture, Animal 4,733 systems were
rates of 25-35%. Industry and Fisheries installed for market-
(MAAIF); Ministry of Water oriented smallholders.
and Environment (MWE).
\. J J L AN J

agricultural produce. Improved post-harvest management not
only minimises food losses but also increases farmers’ incomes,
strengthens food security, and improves the overall efficiency of
agricultural value chains.

Environmental Resilience: Solar applications in agriculture
drastically lower carbon emissions, saving ~1 kg of CO2 per
kilowatt-hour of outputs. That helps support countries in
achieving their NDC commitments regarding carbon reduction.
In addition, solar systems prevent local soil and groundwater
contamination caused by diesel spills and lubricant leaks.

Social Resilience: The green energy transition is projected

to generate up to 1.7 million solar-specific jobs by 2030.
Expanding access to modern energy for productive-use
applications including irrigation, grain milling, bread and injera
baking, milk cooling and coffee processing, is projected to
unlock revenue streams worth USD 4 billion and create
approximately 190,000 new jobs by improving mechanisation
and expanding value addition. These opportunities can
particularly benefit women, who play a central role in food
processing and other off-farm agrifood activities across
Sub-Saharan Africa, while also creating new employment
opportunities for rural youth in agro-processing, digital
agriculture and renewable-energy services.

— O S et
3%:@ &%

The Micro-Scale Peak Performance,

e

Irrigation Program production
(MSIP) scaled to 135 increments of up to
districts, deploying 200% to 400% were

tiered 75% subsidies
for solar-powered

achieved for crops
such as tomatoes

Figure 3.5: Case Study for SPIS In Uganda

Source: ISA & RCREEE Analysis
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3.1.3 The Scale of the

Opportunity

Deploying solar-powered solutions

across African agriculture presents a

vast potential to enhance productivity,
mitigate post-harvest losses and drive
a sustainable rural economy. Algeria,

Egypt, Ethiopia, Kenya, and Nigeria

represent the top five countries

with the highest agricultural GDP in Africa, while Burundi,
Chad, Comoros, Guinea-Bissau and Niger are the top five
countries with agriculture accounting for the highest share
of GDP. Consequently, these countries are highly recommended
as having the highest potential for maximising impact through

the development of solar applications for agriculture use.
Furthermore, the figure identifies the top exported high-value
crops for each nation, demonstrating how targeted solar irrigation
can support a diverse range of crops to simultaneously address
domestic food security and strengthen international trade.

Grains, Cereals & Fruits & Vegetables Stimulants & Oilseeds, Spices, Aromatics
Pulses g Beverage Crops Oils & Nuts & Industrial Crops

Wheat and meslin flour Dates
v v
Beans (dry) Oranges
v v
Soya beans Potatoes
v v
Sesame seed Onions and shallots
v
Avocados
v
Melonseed
v

Vegetable products
(fresh or dry)

Coffee (green) Palm oil Pepper
v v v
Tea leaves Coconut oil Cloves
v v v
Cocoa beans/ Almonds (shelled) Vanilla (raw)

Cocoa butter - -

Oil of citronella /

Cashew nuts (in shell) A
v

Cotton lint (ginned)

v

Natural rubber

v

Raw cane or beet sugar

Figure 3.6: Top high-value export crops for the 10 countries selected

There is a vast potential for various solar
productive use applications across the
African agriculture sector, particularly
for solar irrigation, cold storage and food
preservation, to address the continent’s
major agricultural value chain deficits.

Solar-powered cold storage offers
a critical solution to the 37-40% of
perishable food currently lost in the
‘first mile’ between harvesting and
processing due to energy deficits.
The African cold chain logistics
market is projected to reach USD
14.85 billion by 2029, driven by
urbanisation and shifting food
preferences. Solar cooling can help
reduce the 1.3 million hectares of
forest lost each year to fuelwood
and charcoal production. Key
implementation considerations
include utilisation rates, demand

Source: ISA & RCREEE Analysis

aggregation and sustainable business models, which are
critical for long-term operational viability.

= Solar pumps: Around 55 million hectares of rainfed
harvested area, roughly 40% of the total, could be converted
toirrigated cropland. Transitioning from diesel to solar
pumping reduces total life cycle costs by 50-74% and
cuts maintenance expenses in half. The initial investment
is typically recovered within 2 to 6 years. This is typically
achieved with pumping capacities between 5 kW and 20
kWp and annual operating hours ranging from 1,300 to
nearly 2,000. The project economics are further influenced
by diesel price escalation rates (often estimated at 5%) and
financing costs reflected in discount rates of 15%. Finally,
these results generally assume medium groundwater depths
of 15-60 metres. The shift provides a major climate benefit
by saving 0.8-1.3 kg CO2/kWh of emissions annually.

= Jobs: This shift to solar agri-food technologies is forecast
to be a major employment engine, potentially generating
between 1.5 and 3.3 million new direct jobs from the energy
transition and up to 1.7 million solar-specific jobs by 2030.
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The figure below maps the share of employment in the agricultural sector across Africa against total
available agricultural land; Burundi, Niger and the Central African Republic have the highest share.

Empiyment in Agicutinn (% of 1ot smplean B | Agricultuzal land [10D0xkmE) = |

Lis .04 L] 1127

Figure 3.7: Mapping agricultural land and agriculture employment percentage across Africa
Source: RCREEE Analysis

3.2 Current barriers limiting solar deploymentin

Pewared by i

agriculture
Despite appealing economics and vast mutually reinforcing, spanning financial structures, regulatory
technical potential, solar-powered architecture, technical capacity, supply chain integrity, social
agriculture remains marginal across norms and institutional coordination. Addressing one in
most of Africa. The reasons for this isolation produces limited results; only integrated action across
are systemic, interconnected and all dimensions can unlock the transition at scale.

Demand Side (Farmers) Barriers:

= High upfront costs: Prohibitive initial capital expenditure for irrigation and cold storage.

willingness to invest in unfamiliar technology.
= Genderinequities: Women face greater barriers to information, credit, and technical skills.
= Climatic interference: Dust, cloud coverage, and high temperatures reduce PV system output.
= Low awareness and irrigation familiarity: 60-70% of farmland remains rainfed-dependent.

= Seasonalincomes and credit mismatch: seasonal cashflows sit against rigid repayment cycles.

segment needs a different solar solution and financing pathway.

= Low credit access: Agriculture receives less than 10% of commercial lending; perceived as ‘high risk’.

= Consumer culture and preferences: Cultural preference for ‘fresh’ produce over refrigerated foods.

= Farmer segmentation: subsistence smallholders, market-oriented smallholders, cooperatives/FPOs,
women/youth enterprises, commercial farms, processors, aggregators and public institutions. Each

= Farmer mindset and social norms: Solar irrigation adoption depends critically on the individual farmer’s
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Supply Side (Companies/ Service Providers) Barriers N

= Sub-standard equipment: Flooding of markets with inferior or second-hand PV panels, pumps and value
chain equipment.

= Skills shortage: Severe shortage of trained technicians for maintenance and repair in remote areas.

= Inadequate after-sale services and maintenance issues: Systems abandoned due to lack of local
support and spare parts.

= |mportdependence and underdeveloped value chains: Africa relies heavily on imports, with an
estimated 80% of its solar panels originating from China, making it vulnerable to supply shocks.

= Logistics and density: Dispersed farms and poor road networks inflate distribution and service costs.

= |Inadequate suppliers liquidity: Solar providers often lack the working capital or liquidity needed to scale
innovative financing models.

= Performance limitations: Solar machinery (e.g., mills) often lacks sufficient throughput for peak demand.

= Low market density: The dispersed nature of smallholder farms makes it expensive for private companies
to establish viable distribution and service networks in rural areas.

Financial Barriers N

I (

= High cost of capital and macro risks: High Weighted Average Capital Cost (WACC) and Foreign Exchange
(FX) volatility raise import costs and weaken project bankability.

= Fragmented market and missing middle: Commercial capital concentrates on large-scale industrial
projects.

= Information asymmetry: Farmers lack real-time data on quality-differentiated pricing for their produce.
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\
Policy Barriers N

= |Isolated policy: Disconnected energy, water, and agricultural policies.

= Cross-ministerial fragmentation: Lack of clear mandates and coordination across Ministries of Water,
Energy, and Agriculture.

= Bureaucracy: Lengthy licensing delays (18 months to 3 years) and fragmented approvals.

= Testing and certification gap: Absence of continental testing and verification infrastructure.
= Electricity selling barriers: Farmers lack the legal right to sell surplus energy.

= Subsidies dependence and early withdrawal: Nigeria Electrification Program (NEP) has caused
immediate slumps in mature markets.

= Poor grid infrastructure and off-taker risks: Ageing, congested grid infrastructure and poor state-owned
utility ‘off-takers’ limit the integration of renewables.

= Market/offtake barriers: Farmers adopt productive-use technologies only if there are buyers, aggregation,
storage/transport, grading standards and price discovery.




60

Solar for agriculture: powering agri-food value chains

3.3 Mission 300: Anchoring Solar Agriculture in the
National Energy Compacts

3.3.1 What s being
done?

Before turning to the enablers, it is worth
fixing the baseline: African governments
have already signed the commitments
this chapter needs. All Mission 300
National Energy Compacts place
distributed renewable energy and clean
cooking at the last mile (Pillar 3), and
several mention agriculture explicitly:
Sierra Leone binds access policy to the
‘Feed Salone’ agenda with a pro-poor
design for marginalised and female-
headed farming households. Ghana
elevates the productive use of energy
to a compact objective with a USD 4.4
billion plan; Cameroon’s charcoal-
substitution strategy extends the same
logic into rural biomass value chains;
and Uganda’s Green Energy Facility

and Guarantee Fund, Article 6 carbon

finance and ~2,712 planned mini-grids give the cooperative

irrigation model profiled above its national-scale channels.

3.3.2 What needs to

be done?

The distance between pledge and implementation is

measurable on every axis. Energy for production: only 4% of

Africa’s arable land is irrigated against 52% in India and 2-5% of
SSA cropland, while Sub-Saharan Africa heads toward USD65

billion in food imports in 2025.

= Value preservation: 37-40% of perishables are lost

between harvest and processing (a USD 4 billion annual

cost) even as the cold-chain market it should feed grows
toward USD 14.85 billion by 2029.

= Capital: agriculture generates ~15% of GDP but receives

around 10% of commercial credit (as little as 2% in some
markets), a USD 75-200 billion annual financing gap.

= [nstitutional: None of the compacts that name agriculture

yet carries quantified, dated agri-PUE reform actions in its

CPR reporting.

Table 6: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy

Compact stands

commitments

Where the continent

Gap to close

Closing enabler

Pillar 3: ~half of the 300
m connections via mini-
grids and standalone
solar

Compact private-
capital targets (Uganda
~USD 9.4 billion;
Zambia USD 9.5 billion)

Clean-cooking

and value-chain
targets (e.g., Zambia
8.9%->40%)

Jobs, gender and youth
mainstreamed across
all 35 compacts

Water-resource
governance embedded
in national plans

Cold-chain absence costs
USD 4 billion/year; milling
and processing still largely
diesel-powered

Agriculture receives <10%
of commercial credit;
financing gap USD75-200
bn/yr

37-40% of perishables lost
in the ‘first mile’; cold-chain
market to USD 14.85 billion
by 2029

1.5-3.3 million potential
direct jobs; up to 1.7 million
solar-specific by 2030

55 million ha convertible
from rainfed to irrigated; near-
zero-marginal-cost pumping
invites over-extraction

Source: National Energy Compacts submitted by African countries

Agri anchor loads
written into few mini-
grid tenders: viability
left on the table

No structured farm-
gate channel from
compact finance to
agri-solar assets

Cold-chain

and processing
infrastructure absent
at the farm gate

Agri-solar technician
and cooperative
training pipeline is thin

No integrated WEFE
monitoring to keep the
resource sustainable

Infrastructure: Agri-Hub co-
location with anchor offtakers
(mills, dryers, cold rooms)

Financial mechanisms and
investment landscapes: Fl-led,
public-capital-anchored and
cooperative-led pathways

Solar cold storage and agro-
processing measures; Cooling-
as-a-Service models

Enabling skilling and workforce
capacity building through
knowledge hubs such as STAR-C

NSAC WEFE-nexus mandate;
‘Sustainable Water Management’
with water user associations and
remote monitoring
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The practical implication for the
roadmap that follows is one of interlock
rather than invention. The proposed
National Solar-Agriculture Committee
(NSAC) should work hand-in-glove with
each country’s Compact Delivery and
Monitoring Unit, so that agri-solar goals
feed directly into each country’s national
energy compact targets: solar pumps
deployed, cold chains commissioned,
mills electrified. Embedding productive
use in compact monitoring gives
ministries of agriculture a seat at

the energy delivery table, and gives
financiers a single, credible national
pipeline through which the compacts’
private-capital targets can flow to the
farm gate.

3.4 Priority
enablers to
accelerate
deployment

Overcoming the systemic,
interconnected and mutually reinforcing
barriers to solar-powered agriculture
requires moving beyond a narrow focus
on technology to a comprehensive
systems approach. These actions

need to span regulatory architecture,
technical capacity, financial structures
and social norms to unlock the
transition at scale.

Creating an enabling environment is not
merely a marginal technological upgrade
but a structural necessity for Africa’s
future food security. This multi-layered
ecosystem needs to simultaneously
address early-stage quality and
regulatory foundations to unlock the
private finance required for large-scale
technology transfer.

3.4.1 Regulatory,
institutional and
legal framework

The transition toward solar-powered
agriculture requires a robust

government-led opening of the market. The government’s
primary role is a strategic enabler that creates a working

environment for private sector leadership. While the private
sector drives innovation and scaling, the state must provide the
necessary policies, regulations, and laws to de-risk investments

and build consumer trust.

The primary value of regulatory reform is the transformation of
solar-agriculture projects into bankable investments by resolving
institutional bottlenecks. Currently, the transition is significantly

hindered by fragmented governance, where the mandates of
the Ministries of Water, Energy, and Agriculture often overlap
or conflict with each other. Conflicts involve trade-offs where

policies promoting rapid solar adoption for food security risk
groundwater over-extraction and compete for fertile land usage.

Therefore, adopting a holistic Water-Energy-Food-Ecosystems
(WEFE) nexus approach is essential to overcome these gaps.

Success requires establishing a dedicated coordination body,
the National Solar-Agriculture Committee (NSAC), with clear
institutional mandates to coordinate policy, planning, finance,

and implementation across ministries and stakeholders.

The NSAC is proposed to function as the central steering
mechanism for the national solar-agriculture agenda and
oversee implementation of the following enabling measures by

different Ministries:

Enabling roles and responsibilities of
ministries

3.4.1.1 Ministry of Energy : infrastructure and

standards

The proposed enabling roles of this Ministry involves ensuring
grid readiness, technical stability, and regulating the “prosumer”
market.

Grid integration and mini-grid regulations: Establish clear
procedures for permitting, tariff setting, and interconnection
for both isolated and interconnected mini-grids, alongside a
compensation framework that protects decentralised energy
providers when the national grid extends into their territory.

Reform net metering and feed-in tariffs (FiT): Update
grid-connection laws to allow farmers to act as ‘prosumers,
enabling them to sell surplus power back to the grid for
additional, diversified income.

Reform grid integration and market access: Prioritise
policies that maximise productive on-site use of solar energy
forirrigation, agro-processing and cold-chain infrastructure,
while enabling cluster-level load aggregation and mini-grid
anchor-load models. Where reliable grid infrastructure
exists, farmers and rural enterprises should also be able to
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participate in net metering, feed-

in tariff or other distributed energy
mechanisms to monetise surplus
electricity.

Simplify licensing: Implement
fast-track and simplified licensing
procedures for farm-scale solar
installations to reduce entry barriers
for smallholders.

Streamline and digitalise
permitting: Transition to digitalised
permitting processes to eliminate
lengthy bureaucracy, shorten
time-to-market, and prevent costly
licensing delays.

Enforcement of national
technical standards: Enforce
mandatory equipment certification
(e.g., IEC or STAR-C standards)

to block substandard or second-
hand components from entering
the market, thereby protecting
technology’s reputation and long-
term viability.

Testing and certification
facilities: Establish African-based
regional and national technical
testing laboratories and centres
equipped to conduct performance,
durability, and safety testing on solar
components before they are cleared
for market entry. Governments
should leverage the ISA STAR-C
network as specialised expertise
hubs to harmonise quality control
standards and certify that equipment
meets international performance
benchmarks.

Farmer Cooperative PPA
Templates: Develop standardised
Power Purchase Agreements (PPAs)
for groups of smallholder farmers
acting as a collective offtake; provide
legal aid and cooperative formation
support to structure contracts.

local service networks, and clear maintenance responsibilities
to ensure continued system performance.

Special focus:

= Quality control and continental testing infrastructure
= Technology transfer and local manufacturing

= Off-takers, mini-grids and the electricity selling opportunity

3.4.1.2 Ministry of Agriculture: demand resource
management

The proposed enabling role of this Ministry involves driving the
adoption of technology while ensuring the sustainability of
natural resources.

= |ncrease awareness and behavioural change:
Launch mass education campaigns and practical
field demonstrations to prove the reliability and cost-
effectiveness of solar-agri technologies over diesel for all
stakeholders.

= Sustainable water management: Integrate remote
monitoring systems and support water user associations
(WUAS) to ensure that solar-powered pumping does not lead
to groundwater depletion, aligning with digital monitoring
tools like Water Accounting Plus (WA+).

= Productive use clusters: Identify and promote Agricultural
Commercialisation Clusters (solar hubs) to aggregate
productive energy demand, attract private investmentin
distribution infrastructure, and establish strong market
linkages that connect farmers with processors, cold-chain
facilities and buyers.

= Solar cold storage and agro-processing: Integrate solar-
powered cold rooms, dryers and mills into irrigated value
chains to reduce post-harvest losses; Cold Hub-type models
have extended shelf life from 2 days to 21+ days.

=  STAR-C knowledge hubs: Leverage ISA STAR-C centres
(Ethiopia, Senegal, Cote d’lvoire, Ghana, Cameroon,
Somalia) as regional tech-transfer nodes to train technicians
and disseminate operation and maintenance knowledge.

= Agri-industrial anchor offtakers: Promote the deliberate
co-location of mini-grids with agri-industrial anchor
offtakers such as mills, dryers, cold rooms, water treatment
facilities and electric pump systems to create stable
electricity demand and improve project economics. This

Long-term sustainability of the above model enables farmers and rural enterprises to become
actions will depend on preventive

maintenance, availability of spare parts,

productive energy users while supporting sustainable
mini-grid operations. Complementary public and social
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procurement programmes, such

as sourcing processed agricultural
products for schools, nutrition
programmes, hospitals and other
public institutions, can further
strengthen market demand, improve
the commercial viability of rural
enterprises and enhance farmer
incomes.

3.4.1.3 Ministry of Finance:
fiscal incentives and
de-risking

The Ministry manages the financial
enabling environment and the transition
from fossil fuel dependency.

= Enforce stable fiscal incentives:
Implement predictable VAT and
import duty exemptions for certified
solar-powered agricultural systems,
including PV modules, inverters,
batteries, pumps and productive-
use equipment, to reduce upfront
investment costs. These incentives
should be tied to recognised
technical standards, product
certification and verified productive-
use applications to ensure quality,
protect consumers, and prevent
the misuse of fiscal benefits by
substandard or non-agricultural
imports.

= Fossil fuel subsidy shift: Redirect
unsustainable diesel and kerosene
subsidies toward one-time capital
grants for solar technology, creating
a budget-neutral opportunity to
enhance national energy security.

= Phase out subsidy dependence:
As illustrated in the Nigeria
Electrification Program (NEP), early
withdrawal of subsidies led to a
slump in programme implementation
(sale of equipment such as
solar pumps). Such instances
demonstrate the need for predictable
phase-out plans for subsidies and
for creating a sustainable market for
productive use appliances.

= Deploy risk mitigation instruments: Facilitate blended
finance mechanisms and first-loss guarantees to lower the
high cost of capital (WACC) and attract private commercial
lenders.

= Technology transfer: Promote local manufacturing and
in-country assembly by incorporating technology transfer
requirements into public procurement and encouraging joint
ventures between foreign original equipment manufacturers
(OEMs) and African manufacturers. Technology transfer
should extend beyond manufacturing to include the
establishment of quality assurance and certification
systems, testing laboratories, technician training, after-
sales service networks, and local maintenance capabilities
to ensure the long-term reliability, performance and
sustainability of deployed solar technologies.

Once the necessary policies and regulations are aligned,

the ultimate step in reducing transaction costs is the
implementation of a ‘Single-Window’ Clearance System.

This centralised administrative portal allows developers and
investors to manage land use, environmental permits, grid
connection approvals, and construction licences through

a single-entry point. By standardising approval timelines

and providing a ‘one-stop-shop’ service, governments can
significantly lower development risks, attract large-scale private
capital, and ensure that solar-agriculture projects move rapidly
from planning to operational status.

Effective reform is already being demonstrated across the
continent:

= Ethiopia has successfully standardised procurement
guidelines validated by multiple ministries, which have
enabled public investment and ensured that technology
meets defined performance standards.

= Nigeria is shifting away from state-led models through the
Electricity Act 2023, which enables private participation and
mini-grid development.

= Rwanda and Kenya have introduced net metering
guidelines, allowing farmers to transition from mere
consumers to active participants in the energy market by
selling surplus energy back to the grid.

Key lessons from solar-agriculture initiatives across Africa

show that agile, simple programme design is essential to avoid
bureaucratic delays, while strong local coordination and private-
sector participation are critical for achieving scale. Furthermore,
Africa’s vast diversity means ‘one-size-fits-all’ approaches are
ineffective; instead, transformation must be incremental and
supported by heavy investment in capacity building at both the
national and grassroots levels. Finally, while inclusivity is vital
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for assisting farmers in the transition to
commercial agriculture, projects face a
significant sustainability risk if climate-
smart practices are abandoned once
external incentives are withdrawn.

3.4.2 Financial
Mechanisms and
Investment
Landscapes

While agriculture contributed an average
of 15% to total GDP across Africa in
2024, it received a disproportionately
low share of commercial credit, around
10% and dropping to as low as 2%

in certain countries. This highlights

a significant financing gap of USD

75 billion —USD 200 billion annually

agribusinesses currently rely on a combination of informal and
alternative financing mechanisms. These include household
savings, family and community lending networks, rotating
savings groups, microfinance institutions (MFls), cooperative
financing arrangements, trader and aggregator credit, contract
farming schemes, and support from donor-funded and
development finance programmes. However, these sources

are often insufficient, short-term, expensive, or inaccessible to
many smallholders, limiting their ability to invest in productivity-
enhancing technologies such as solar irrigation, cold storage,
and agro-processing equipment. As a result, a significant
financing gap persists, particularly for small and medium-scale
agricultural enterprises seeking to adopt clean energy solutions.

The economic case for solar technologies is compelling. An
analysis of replacing diesel agricultural pumps with solar
pumps in Ethiopia and Uganda, set out in fullin Annex I, shows
significant cost reductions and attractive payback periods over
the project lifetime.

that significantly restricts investment
and growth within the sector. While
commercial bank lending to agriculture

Despite this, macro-financial barriers and severe capital
deficits significantly hinder the widespread adoption of solar

technologies.
remains limited, farmers and

Table 7: Financing barriers and corresponding solutions

Macro-Financial Barrier Corresponding Market-Based Solution

Perception of agriculture as high-risk: Collateral reforms: Enables commercial banks to accept the solar
Financialinstitutions reject smallholders  assets themselves as security.

due to a lack of traditional land collateral  cooperative group lending: Facilitates pooled collateral through farmer
and poor credit histories. cooperatives.

Dominance of cash-based sales: High
upfront costs limit technology access to

Pay-as-you-go (PAYGO)/lease-to-own: Allows instalment payments
aligned with harvest cycles.

only the top 6% of wealthier farmers who  fee-for-service/cooling-as-a-service (CaaS): Removes asset ownership
have cash. entirely; farmers pay a daily fee for service rather than buying hardware.

Supplier liquidity and working capital
constraints: PAYGO providers lack the
balance sheet liquidity to sustain long-
term consumer credit.

Securitisation: Bundles small, dispersed PAYGO loans into large-scale,
tradable investment products to unlock capital.

Results-based financing (RBF): Rewards developers and solar companies
with financial incentives after verified delivery/sales.

Currency mismatch and FX volatility:
International debt is in hard currencies
(USD/EUR) while revenues are local,
worsened by high FX volatility.

Local currency hedging (e.g. TCX): Uses cross-currency swaps to transfer
FX risk away from local borrowers, allowing DFI loans in local currency.

Hard currency access: Delivers targeted reforms that give hardware
importers the forex liquidity they need.

High interest rates and WACC: Lending  Blended finance: Combines public concessional capital/donor subsidies
rates are fragmented, running up to 53%,  with private investment to reduce all-in local currency interest rates.

and the African WACC sits 3-5x higher
than in developed markets, driven by
sovereign risk.

Carbon finance: Monetises verified emission reductions to provide an
additional revenue stream and offset high financing costs.

The sovereign ceiling: Financial rules Blended finance and risk shifting: Uses institutional guarantees (like
that cap a project’s credit rating at the level EU guarantees via TCX) to lower hedging costs and improve the project’s
of the country’s weak sovereign rating. overall risk-return profile.

Source: ISA & RCREEE Analysis



Solar for agriculture: powering agri-food value chains

The institutional framework for these
interventions focuses on three primary
pathways:

= Fl-led models: encourage local
banks to develop tailored agricultural
loan products

=  Public-capital-anchored models:
DFls provide first-loss capital to
attract private lenders

=  Cooperative-led models: utilise
collective guarantee mechanisms to
reduce individual default risk

The success of these pathways depends
critically on the depth of financial
institutions, the operational strength

of cooperatives, and the maturity

of the local supplier ecosystem. To
systematically open the market for solar
agricultural financing, the following
guidelines need to be implemented:

= Forthe short term: Reorient existing
fossil fuel and electricity subsidies
towards solar CAPEX during the early
stages to reduce upfront investment
costs, while establishing quality
standards to strengthen financier
confidence. In parallel, mainstream
solar-powered and climate-smart
agricultural technologies into existing

agricultural development, irrigation, mechanisation and
rural infrastructure support programmes so that farmers can
access integrated financial assistance through both energy
and agriculture sector initiatives.

= Forthe intermediate term: Establish aggregation channels
to reduce procurement costs and deploy targeted derisking
mechanisms to incentivise private distributors. Furthermore,
implement robust risk guarantees to protect commercial
lenders from default while deploying digital platforms
for PAYGO tracking to build reliable credit profiles for
smallholders.

= Forthe long term: Launch carbon finance initiatives
to monetise emission reductions from diesel-to-solar
transitions. Additionally, fully implement net-metering to
allow farmers to sell surplus energy, creating a secondary
revenue stream for loan repayment.

3.4.3 Case study: Solar for Agriculture
in Uganda

Uganda was selected as a case study because agriculture is
the backbone of its economy, contributing approximately 25%
to the country’s total GDP and employing 66% of the working
population in 2024. Although 80% of its land is arable, only
about 35% is currently under cultivation. Furthermore, while
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the country has vast freshwater resources covering 15% of its
surface, the ratio of irrigated land is significantly low at only
0.5%. Uganda also possesses high solar irradiation (5.1 kwh/
mz/day), making it an ideal environment for solar-powered
productive use.
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Table 8: Solar for Agriculture initiatives in Uganda

Location

Partners

Programme

Problem

Challenges

Actions

Lessons
learned

Uganda: Horticulture Sector (national coverage with focus on tomatoes, onions, and leafy vegetables)

International partners: Global Green Growth Institute - GGGI (Implementation) and the
Government of Denmark (Funding).

Technology providers: SunCulture (Tulima Solar), which committed USD 10 million to reach
10,000 farmers.

Financial institutions: aBi Finance (Wholesale lending) and various participating commercial banks.

Farmer-based organisations and cooperatives: ZAABTA and Prosper Mama Africa, together
reaching nearly 30,000 farmers.

Governmental partners: Ministry of Water and Environment (MWE) and the Ministry of
Agriculture, Animal and Fisheries (MAAIF).

Two-year project deploying solar-powered irrigation systems (SPIS) for smallholder farmers
lacking national grid access, using a multi-stakeholder partnership model including technology
demonstrations, cooperative aggregation, and linked financing.

Reliance on rain-fed agriculture, leaving farmers vulnerable to droughts or floods.
Lack of grid access for farmers in remote rural areas.

Dependence on volatile diesel fuel.

Limited awareness of SPIS for farmers.

Lack of technical expertise capable of designing, installing, and professionally repairing these
systems in remote rural areas.

Limited access to finance, specifically for the high upfront cost of SPIS.

Perception of agriculture as high-risk by local financial institutions, which frequently require
collateral smallholders cannot provide.

High-interest rates for solar equipment.

Lack of specific planning tools to monitor groundwater levels, which poses a long-term risk of over-
pumping if the ‘free’ energy from solar is not regulated.

Partnership-based business model between key stakeholders to reduce risks.

Demand aggregation: Organising farmers into large groups, instead of individual purchases, to
leverage collective bargaining.

Green taxonomy: Development of a green taxonomy for agribusiness investments.
Technological Integration: Deploying Solar Powered Irrigation Systems (SPIS).

Green Financing: Establishing a USD 32 million Green Finance Fund to provide concessional
loans for climate-smart technologies and SPIS.

Technical Training: Providing four tailored training programmes for farmers, SPIS technicians,
financial institutions, and government representatives.

Lease-to-own: Deploying schemes to manage high upfront costs.

Tax and regulatory reform: Applying tax exemptions and regulatory engagement to streamline
approval processes.

The multi-stakeholder partnership model is vital for reducing transaction risks and ensuring reliable
market access for farmers.

Practical technology demonstrations and field training are critical for overcoming farmer
scepticism and increasing awareness.

Demand aggregation through cooperatives is an effective mechanism to make high-CAPEX solar
hardware more affordable for small-scale producers.

Linking solar irrigation to offtake contracts with agribusinesses stabilises farmer income and
accelerates loan repayment.
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= 193%: Average productivity increase across surveyed farmers.

= Productivity statistics: 427% Tomatoes, 571% Onions, 283% Bananas and 553% Cabbages.

= Harvest cycles: rise to 3-4 during the rainy season instead of only one per season.

Impact
figures

USD 42 million: Climate-smart agriculture finance mobilised, directly supporting thousands of
smallholders to transition from subsistence to commercial farming.

= 40%: Reduction in solar pump purchase price through cooperative aggregation rather than

individual purchase.

= Climate Resilience: Farmers are now better protected against droughts, ensuring consistent
food production and improved household income.

Source: ISA & RCREEE Analysis

3.4.4 Replicability
Assessment

The Uganda model demonstrates strong
replicability potential across Africa,
subject to adaptation of the cooperative
structure to local social norms and land
tenure systems. The key replicability
conditions are: (1) presence of a willing
anchor agribusiness or cooperative as
the offtake guarantor; (2) availability of
a wholesale finance institution willing

to on-lend to farmers; (3) a technology
provider with demonstrated local
after-sales capacity; and (4) clearances
and regulatory certifications allowing
collective solar system ownership by
farmer groups.

Countries with high replication potential
in the near term include Kenya, Rwanda,
Ghana, Mozambique and Zambia, all

of which combine strong cooperative
traditions, active agribusiness sectors
and improving solar irrigation regulatory
environments.

3.5 Way Forward

Africa’s solar-based agriculture future
depends on harnessing its abundant
solar resources to drive sustainable
development. The roadmap in this
section provides a multistakeholder-
based framework to accelerate the
productive use of solar energy in the

agriculture sector as a national driver for energy and food
security. Backed and guided by Africa’s leadership, its main
target is to establish a solar-agri market while driving agricultural
productivity, green job creation, and climate resilience. The
roadmap has been developed on six interconnected pillars:

0 Policy framework

e Institutional architecture and governance framework
e Legal and regulatory framework
° Financing frameworks and instruments

e Skilling and workforce capacity building

e Operational infrastructure

The framework of the roadmap includes actions and roles for
ministries of energy, finance, agriculture, water, regulators,
private developers, financiers, and delivery units to work
simultaneously.

3.5.1 Policy framework

The foundation of the strategic roadmap is anchored on high-
level political mandates, subsidies restructuring, and innovative
finance design. The ecosystem spans multiple governance
structures, spearheaded by the Head of State and Cabinet,

and driven by Ministries of Energy, Finance, and Agriculture,
alongside regulatory bodies, private developers, financiers, and
dedicated delivery units.

By ratifying a unified national agri-solar vision, governments
signal long-term stability to the market, establishing the
legislative frameworks and regulatory reforms required to de-risk
private investment and unlock agricultural productivity.
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Key policy priorities:

= High-level political commitment: Formalise and announce the national Agri-solar vision,
establishing binding, long-term targets for the Productive Use of Energy (PUE) in the agricultural
sector to secure institutional accountability and international investor confidence.

= Regulatory reform: Draft and enact comprehensive regulations specifically tailored for farm-

scale PUE.

= |nstitutional coordination: Establish inter-ministerial frameworks linking the Ministries of
Energy, Finance, and Agriculture for demand aggregation, data collection, and market intelligence.

3 5 2 Institutional Agriculture Committee (NSAC) will serve as the hub steering

architecture and

body. Under this committee, clear, non-overlapping boundaries
are established among the Ministries of Energy, Finance, and

governance Agriculture, alongside private developers, financiers, and
framework farming cooperatives.
The deployment of solar technologies for  This governance model systematically assigns responsibilities
the PUE in agriculture requires a highly for demand aggregation, centralised data collection, and market
coordinated, multi-sectoral governance ntelligence to remove asymmetric information and de-risk
structure. To eliminate institutional private sector market entry.

friction, a permanent National Solar-

Table 9: Institutional roles and responsibilities

Roles and Responsibilities

National
Solar-
Agriculture
Committee
(NSAC)

Ministry of
Energy and
Regulatory
Bodies

Ministry of
Agriculture

Coordinates inter-ministerial policies, unifies conflicting agendas, and monitors the overall
execution of the roadmap.

= Convenes monthly inter-ministerial reviews.
= Monitors cross-sectoral KPI alignment.
= Acts as the final dispute resolution body.

= Aggregates high-level national progress metrics and hosts the unified solar-agri investor portal.

Ensures grid readiness, technology integration, and system quality control.

= Executes grid and mini-grid integration policies. Implements net metering and FiT reforms.
= Manage Single-Window Digital Permitting and Licensing.

= Enforces tech standards for PUE technologies and testing centres.

= Drafts standardised PPA and contract templates.

= Collectsdataongrid capacity, decentralised generation assets, and mini-grid site technical availability.

Drives localised technology adoption based on required demand while protecting natural
resources.

= Enforces Sustainable Water Management laws.

= Structures cooperative clusters and aggregates demand, ensuring creation of a market for
agricultural produce.

= Coordinates agri-industrial hub co-location.

= |ntegrates PUE into food value chains.

= Drives farmer awareness, capacity building, and behavioural change.

= Collects data about farm-level energy needs, water consumption, soil profiles, and regional crop
processing yields.
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Roles and Responsibilities

Ministry of Manages macro-financial viability, capital allocations, and investor risk-mitigation.

Finance

= Secures PUE incentive, e.g. stable VAT and import duty exemptions.

= Manages the gradual shift of fossil fuel subsidies to solar CAPEX.

= Deploys risk-mitigation instruments (blended finance, guarantees, FX hedging via TCX).

= |ncentivises technology transfer to reduce import dependence.

= Coordinates with international lenders/DFls to track capital flows, subsidy efficiency, and

macro-financial risk metrics.

Private sector Prepares market entry strategies, deploys capital, and adapts commercial models.

de\clielopers = Complies with new regulatory and technical standards.
an
e = Launches commercial deployment (e.g., PAYGO, CaaS models).
= Provides market-driven operations and maintenance (O&M).
» Translates raw government data into localised commercial market intelligence and
customer risk profiles.
Farming Aggregates end-user participation, ensures community buy-in, and enforces loan compliance.

cooperatives
and delivery
units

= Acts as collective off-takers via standardised PPAs.

= Manages shared community solar/irrigation assets.

= Coordinates peer-to-peer training and local asset maintenance.

= Shares localised crop, yield, and cooperative financial repayment data back into the
Ministry of Agriculture’s tracking systems.

Source: ISA & RCREEE Analysis

3.5.3 Legal and
regulatory

framework

Arobust, transparent legal and
regulatory framework is the primary
mechanism for shifting solar agriculture
from donor-funded pilots into a
commercially bankable market. To
avoid overlapping authorities, laws and
regulations are divided into two parallel,
coordinated tracks:

= Energy, grid integrity and market
structure (led by the Ministry of
Energy/Regulators)

= Resource (agriculture and water)

management (led by the Ministry of
Agriculture)

Table 10: Laws and regulations

Laws and Regulations

Energy, grid
integrity
and market
structure

Resource
(agriculture
and water)
management

Grid and mini-grid interconnection code.

Grid extension compensation law.

Prosumer net-metering and FiT decrees.
Fast-track licensing regulations.

Digital licensing mandates using a single window.
Mandatory PUE equipment quality standards.

Testing facility accreditation.

Groundwater extraction and WA+ regulations.
Water user association (WUA) legal frameworks.
Standardised cooperative PPA framework.
Agri-industrial co-location and zoning laws.

Fiscal regulations for PUE technology (VAT
exemptions).

Source: ISA & RCREEE Analysis
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3.5.4 Financing frameworks and instruments

To unlock commercial investment and overcome the high WACC in the region, a structured, de-risked

financial ecosystem shall be established. By strategically combining public concessional capital, fiscal

policy reforms, and development finance instruments, the framework lowers market entry barriers for private

lenders and ensures long-term affordability for end-users.

Key financial pillars and strategic interventions

= Provide stable fiscal incentives and import reforms, e.g. VAT and import duty exemptions for all verified solar

(PUE) hardware.

= Redirect fossil fuel and grid subsidies, in phases, into targeted, one-time capital grants for climate-smart

solar agricultural technologies.

= Plan to phase out subsidy dependence by creating sustainable and commercially viable markets for

productive use appliances.

= Promote blended finance and institutional risk mitigation, e.g. first-loss guarantees and local currency

hedging facilities.

= Taper subsidies through a targeted, declining framework as market scale and commercial financing maturity

increase.

= |ntegrate digital payment collection platforms (such as PAYGO tracking systems).

= Embed mandatory technology transfer clauses within public procurement frameworks to incentivise
international OEMs to form joint ventures with domestic manufacturers, promoting local assembly and
reducing future hard-currency import dependence.

3.5.5 Skilling and
workforce
capacity building

To ensure the long-term operational

viability and maintain the financier’s

trust, a standardised, multi-tiered
workforce development and community

capacity framework shall be established.

By aligning technical training with
international performance benchmarks
and institutionalising farm-level
behavioural change, the framework
bridges the critical gap between
technology deployment and field-level
sustainability.

= Policy makers and government
officials: Capacity building focused
on WEFE Nexus integration planning,
policy alignment, and cross-sectoral
regulatory frameworks.

Farmers and agriculture cooperatives: Targeted
community education via radio spots, travelling roadshows,
and agricultural extension officers to demonstrate the long-
term cost-effectiveness of PURE, highlighting the financial
and nutritional benefits of solar-powered irrigation over rain-
fed or diesel-powered alternatives.

Developers and technicians: Technical training to enhance
local capacity for operation, maintenance (O&M), and

robust after-sales services, alongside support for local
manufacturing and assembly to build regional value chains.

Financial institutions and commercial banks:
Institutional capacity building on risk mitigation frameworks,
technical asset appraisal for solar technologies, and the
implementation of innovative financing models like pay-as-
you-own (PAYO).

Farmer cooperatives support: Strengthening farmer
cooperatives and establishing business development
support for them (to run processing units/cold storage
solutions, etc for example), enabling linkages to markets/
public procurement opportunities, logistics, etc., for
processed crops.
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Key capacity priorities

= |everage ISA STAR-C to train local engineers and technicians on advanced solar PUE technologies.

= Run mass field demonstrations to prove to farmers that solar is more reliable, water-efficient and cheaper

over time than diesel.

= Setup community-level networks to teach smallholders basic preventative maintenance and smart water

management.

= [ntegrate agri-solar skills into national vocational education and maintain a registry of certified training schools.

= Require private solar developers to hire certified local technicians for all installation and maintenance

(O&M) contracts.

= Regularly update training programmes based on real-time feedback from the industry to fix skill gaps and

adopt new technologies.

3.5.6 Infrastructure

Upgrading independent off-grid
infrastructure is a critical priority for
driving the Productive Use of Energy
(PUE) in agriculture, providing reliable
energy where the national grid is
unavailable. This strategy shifts from
isolated solar pumps to decentralised
mini-grids and standalone systems
that are physically co-located with
high-load, agri-industrial assets such
as automated mills, solar dryers, and
collective cold storage.

This ‘agri-hub’ model creates a
predictable local baseload that makes
off-grid infrastructure commercially
viable for private operators without

a utility connection. To maximise investment efficiency,
geospatial resource maps will overlay solar irradiance data with
groundwater availability and crop needs to designate optimal
‘Off-Grid PUE Zones, while an integrated loT digital monitoring
layer manages remote asset performance and load distribution.

Regardless of phase or country context, three cross-cutting
factors determine whether agri-solar transitions succeed at scale:

C Political will and inter-ministerial coordination.
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( Farmer-centred design and behaviour change.

( Data, monitoring and adaptive management.

3.5.7 Timeline for implementation

The following roadmap translates the enablers and evidence
above into a structured, time-bound action plan. Actions are
organised into three phases across five years, assigned to

specific lead actors, and tied to concrete deliverables.
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Head of State /
Cabinet

Ministry of Agri
- Water

Ministry of Energy
& Regulator
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Farmers
Cooperative &
Smallholders

Developers &
Private Sector

Ministry of
Finance /
Financier /
DFI/ISA

IMMEDIATE — Establish

foundations
Priority actions to unlock deployment

Announce national agri-solar
strategy and vision.

Set binding long-term targets
for Productive Use of Energy
(PUE).

Establish cross-sectoral
steering committees.

Upgrade land/water laws to
enable agrivoltaics and adopt
digital monitoring (WA+).

Launch gender-inclusive
farmer demonstrations,
capacity building and
workforce certification.

Adopt mandatory STAR-C
technical standards.

Launch equipment testing
centres.

Draft agri-voltaic tariff rules.

Draft mini-grid regulations.

Draft standardised PPA
templates.

Organise into clusters for
collective bargaining.

Recognise solar agri as
complementary to grid

Participate in field trials to
prove solar’s reliability over
diesel.

Launch initiatives for PUE
value chain integration.

Market scoping & willingness-
to-pay surveys.

Launch 5-10 replicable pilot
projects (2-5 MWp total
capacity).

Integrate mini-grids with PUE
technology.

Domestic manufacturing; local
assembly.

Activate sovereign—-DFI
partnership framework.

Design agri-adapted
instruments; local-currency via
TCX + Subsidy + PAYGo + lease-
to-own + diesel phase-down.

Secure stable VAT and import
duty exemptions.

Formalize legislative
frameworks to support scaled
adoption.

Align national budget with
energy-food security goals.

Establish developer-led agri-
hubs to aggregate smallholder
demand.

Site-level pipeline: pumps,
cold chain, agri-voltaic;

scale mobile pump leasing
ecosystems.

Roll out net-metering and feed-
in tariffs.

Connect mini-grids to nearby
agri-processing and cold-chain
hubs.

Single-window permits; mobile-
money disbursement live.
Operationalise at least 3
continental testing centres.

Open agri-feeder loss maps;
onboard farmers.

Manage shared community
assets and begin selling
surplus electricity back to
the grid.

Scale PAYGO and “Cooling-as-
a-Service” models.

Shift from simple assembly
to local component
manufacturing (frames,
mounting structures, cables,
and controllers).

First milestone-based DFI
disbursement.

Reallocate 15% of fossil fuel
subsidies to solar CAPEX.
Deploy risk-mitigation
(guarantees) and FX hedging.

LONG TERM — Sustain &

optimise
Embed enabling environment at scale

Solar agriculture a standing
GDP, NDC & SDG measurable.

Ensure continued inter-
ministerial accountability
and international investor
confidence.

Integrate solar cooling and
processing into 6+ major
value chains, reaching
100,000 smallholders.

Consolidate international
partnerships for continuous
technological innovation.

Harmonise cross-border solar
PUE standards and energy
trading rules continent-wide.

Bulk co-op applications via
digital portal.

Sandbox becomes regional
standard.

Fully transition from
subsistence to commercial
farming with embedded
climate-smart practices.

Asset-transfer protocols for
grid-arrival.

Self-sustaining; co-ops hold
equity stakes.

Mature a competitive
manufacturing sector
achieving >30% local content
across the solar agriculture
value chain.

Ensure a fully certified, skilled
workforce.

DFI exits as domestic agri-
banks take over.

Scale continentally; Article 6
credits flow.

Institutionalise local currency
financing and monetise CO,
reductions via verified carbon
credits.

Figure 3.8: Roadmap for Agri-solar integration: phased actions and responsibilities across key stakeholders
Source: ISA Analysis
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Deployment of agrivoltaics projects
at scale in Africa will depend on the
scale of agricultural development within
each country. Agrivoltaic systems are
most suitable where agriculture is
already well established and cultivated
land is under productive use, as

they integrate solar PV with existing
farming systems rather than creating
new agricultural land. In many African
countries, where irrigated agriculture
remains limited and agricultural
expansion is still a priority, investments

inirrigation and agricultural productivity

may need to precede large-scale agrivoltaic deployment. By
contrast, countries with intensive agricultural systems and high
competition for land, such as India, Bangladesh and Vietnam,
demonstrate how agrivoltaics can optimise land use while
supporting both food production and clean energy generation.

Realising the full potential of agrivoltaics in Africa will

require coordinated action across government, industry,
financial institutions and development partners. However,
implementation pathways should reflect national context:
countries with well-established, irrigated agricultural systems
can likely scale agrivoltaics faster than those where agricultural
development itself remains the immediate priority. Annex Il
presents a phased implementation roadmap.
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Solar based e-mobility

Solar based
e-mobility

4.1

Why solar based e-mobility matters for Africa?

Africa’s mobility systems are likely to become electrified over time,
with solar generation potentially playing an important role in supplying

cha

rging demand across grid-connected, mini-grid, off-grid, and behind-

the-meter applications. Rather than relying solely on grid-connected

cha

rging infrastructure, electric mobility in Africa can expand through

a hybrid model in which distributed, i.e. off-grid, solar energy powers

cha

rging solutions.

The hybrid model creates three pathways for solar-powered electric mobility

Grid-connected solar: feeding central power grids and enabling conventional EV charging in urban centres.

Mini-grid and off-grid solar systems: enabling EV charging in areas where grid capacity is absent or
insufficient.

Behind-the-meter solar: allowing fleet operators and battery swap providers to deploy charging stations
within urban or semi-urban areas.

Solar-powered electric mobility is particularly well suited in Africa for three reasons

There is huge untapped solar potential in Africa. Africa holds some of the strongest solar resources
globally, but accounts for only a small share of global installed solar generation capacity to date. This gap
between potential and deployment represents both a challenge and a significant opportunity.

Solar systems are well suited to Africa’s light vehicle fleet. Rapid urbanisation and the dominance of
motorcycles and three-wheelers create uniquely favourable conditions for distributed solar charging as the
small battery sizes of these vehicles are well suited to low-capacity distributed solar systems.

The economics are increasingly compelling. Distributed solar is increasingly reaching cost parity with
diesel generation in Africa, and falling battery costs are enabling cost-effective solar storage while narrowing
the total cost of ownership gap between electric and fossil fuel vehicles in key high-mileage segments.
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This chapter seeks to answer the
question: how can solar generation,
both utility-scale and distributed,
enable electric mobility to scale

in African transport systems? The
analysis focuses on the vehicle
segments where electrification is
already commercially viable and where
solar integrated charging can support
competitive deployment: electric two
and three-wheelers and battery swap
networks, electric urban logistics
fleets, electric buses, and electric
passenger cars. Heavy freight vehicles
are not addressed. The electrification
of heavy trucks presents distinct
technical and economic challenges,
including significantly higher battery
capacities, limited available models
and constrained financing, which place
this segment outside the near-term
deployment horizon on which this
analysis focuses. Globally, however,

rapid progress continues on heavy-freight electrification,
including falling e-truck costs in leading markets such as China.
Technology diffusion into Africa could happen over the medium
to long term.

4.1.1 Enabling energy security

Africa’s rapidly expanding vehicle fleet presents a critical window
to scale electric mobility before growth in vehicle ownership
locks in fossil fuel vehicles and fuelling infrastructure. Currently,
vehicle ownership rates on the continent are low compared to
other locations. As Figure 4.1 illustrates, on average, registered
vehicle ownership across most of sub-Saharan Africa currently
sits below 30 vehicles per 1,000 people, compared with 160

for India, 210 for China, and 485 for Indonesia. However,
ownership rates have begun to rise due to increasing population
and urbanisation. Over the next three decades, Africa’s urban
population is expected to double from 700 million to 1.4 billion,
making it the continent with the second largest urban population
after Asia. The speed of this growth will determine whether
Africa’s expanding vehicle fleet turns electric or stays fossil-fuel
dependent, which makes now, while ownership rates are still
low and infrastructure is not yet locked in, a critical window for

intervention.

300 400 00 600 OO B0 900

Figure 4.1: Registered vehicles per 1,000 people (2025)
Source: World Health Organization - Global Health Observatory (2026); Population based on various sources (2024)
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The economic case for electric mobility
in Africa is strengthening fast, driven

by dramatic falls in the cost of both
batteries and solar generation. Global
lithium-ion battery pack prices have
fallen 93% since 2010, from over USD
1,400/kWh to around USD 100/kWh in
2025, while solar installed costs have
declined 87% over the same period,
falling a further 11% in 2024 alone. In
China, EV cost parity with fossil fuel
equivalents has already been reached
across most vehicle segments, a
trajectory that African markets will
increasingly benefit from as global
manufacturing scale continues to drive
down costs. Policy engagement is
broadening in parallel: at least 13 African
countries have introduced electric
mobility strategies, fiscal incentives,

or regulatory interventions, reflecting
motivations ranging from energy security
and fuel import reduction to urban air
quality and climate commitments, with
Ethiopia becoming the first country in
the world to ban ICE vehicle imports in
January 2024. Selected national electric
mobility policies and incentives are
summarised in Annex lll. Yet uptake
remains early-stage; electric cars
accounted for less than 1% of total car
sales in Africa in 2024, and while two-
wheeler sales grew nearly 40% year on
year, they reached only around 9,000
vehicles across the entire continent, still
just 0.5% of total two-wheeler sales.

Improving economics and growing policy activity have not yet
translated into deployment at scale.

Three core structural characteristics of Africa’s mobility
landscape determine where electrification is most economically
viable, where it faces the greatest constraints, and why solar
integrated charging is emerging as a key enabler.

1) Fuelimport dependence makes solar-powered
electrification an energy security priority

Transport systems across the continent remain heavily
dependent on imported fossil fuels, creating structural
exposure to fuel price volatility and foreign exchange pressure
that directly affects transport operators. Electric vehicles
and batteries are themselves import-intensive, so near-term
foreign exchange savings depend on vehicle and battery
import costs, financing, local assembly, the electricity
generation mix, and battery replacement. Even so, the fossil
fuel imports avoided outweigh the incremental imports of
EVs, batteries, chargers and power systems. As Fi illustrates,
fuel imports accounted for an average of 23% of total
merchandise imports across sub-Saharan Africa in 2023,
with significant variation across countries. This dependence
is most notable for net fuel importers with limited domestic
refining capacity that face the full cost of refined petroleum 77
products at world market prices, paid in foreign currency.

The vulnerability this creates has been emphasised by the

disruption to global oil markets following the conflictin

the Middle East and the closure of the Strait of Hormuz in

early 2026, which triggered immediate fuel price increases

across African markets. Industry experts operating across

the continent report rising government and operator interest
in electric mobility as a direct consequence, a dynamic

that reflects the underlying energy security logic driving
electrification as much as climate or cost considerations.




78

Solar based e-mobility

359

30 +

25+

20 4

15

10

33

25

23
22

21 20

15 15

Nigeria

South Africa  Botswana Ethiopia Egypt, Congo,
Arab Rep. Rep.

Cote Sub-Saharan  Angola
d’lvoire  Africa Average

Figure 4.2: Fuelimports as a % of merchandise imports, select countries (2023)
Source: World Bank

2) Informal, price sensitive operators = Riders pay daily vehicle rental to the owner and retain

make low running cost solar
charging essential

Urban mobility across the continent
is delivered through informal public
transport including motorcycles,
minibuses, shared taxis, and small
logistics vehicles, operated by
independent owners and drivers. The
decline of formal public transportin
the 1990s, including the withdrawal
of subsidies for state-run bus
networks, drove the rise of informal
public transport. These networks
have since become the predominant
mode of transport in many urban and
semi-urban areas, offering flexible,
efficient transport to millions with
minimal public investment. This
sector operates on constrained
margins, with fuel costs representing
the dominant variable expense.

The motorcycle taxi, known as a
boda boda in East Africa, okada in
Nigeria and zemidjan in West Africa,
is among the most emblematic
examples of this model, providing
first and last-mile connectivity across
urban areas. Key features of how this
sector operates include:

remaining fare revenue after fuel costs.
= Fuelaccountsfornearly all daily operating costs for mostriders.

= Where fares are regulated or constrained by competition,
operators cannot pass through fuel price increases, leaving
them directly exposed to fuel price volatility.

Vehicle choice in this context is therefore largely determined
by economics. According to the United Nations Environment
Programme, second-hand vehicles comprise 60% of vehicles
registered annually in Africa. These vehicles are typically old
and fossil-fuelled, affordable precisely because of their low
capital cost. Electric vehicles therefore compete not just
against new internal combustion engine vehicles but also
against depreciated secondhand units, with operators weighing
only the difference in fuel and maintenance costs rather than
the full purchase price. This structural dynamic means that
the economic case for electric mobility depends critically on
delivering low running costs, not merely a lower vehicle price, a
condition that solar-integrated charging is increasingly able to
meet, as examined in Section 2.

3) Two mobility markets imply different solar charging and
electrification pathways

African mobility systems are split between two markets requiring
differentiated approaches:

= Thefirstis a large, fragmented network of individually
owned light vehicles, motorcycles, shared taxis, and
small commercial vehicles, in which Africa accounts for
approximately 20% of the world’s registered motorcycles



Solar based e-mobility

despite holding just 2% of its

car fleet. Individual ownership,
point-to-point operation, and
high daily utilisation make this
segment structurally well-suited
to electrification, given its modest
battery sizes and limited charging
infrastructure requirements.

The second is a smaller fleet-
based sector that includes

buses, minibuses, and larger
logistics vehicles on fixed routes
between urban centres, ports, and
commercial hubs. Electrification
here requires coordinated
infrastructure, financing, and
operational reform that informal
operators have limited influence
on. Ride-hailing, similar to Uber or

Lyft, represents an emerging middle

ground, where higher utilisation
and fleet financing improve the
economics, though it remains a
small share of the overall market.

These two markets are likely to electrify at different speeds and
through different mechanisms. This sequencing logic, which
shapes the business model archetypes, is examined in the
sections that follow.

The following section will examine how three pathways for the

deployment of solar-powered electric mobility (grid connected
solar, off grid/mini-grid solar and behind-the-meter solar) can

offer solutions to the structural challenges noted above.

4.1.2 Pathways and applications
of solar-powered e-mobility
in Africa

Solar-powered electric mobility in Africa is already being
deployed through three complementary pathways: grid-
connected solar, mini-grid and off-grid solar, and behind-
the-meter solar. Two conditions underpin the opportunity
particularly for the mini grid and off grid pathways. First, solar
accounted for less than 4% of electricity generation in Africa in
2025 while it holds some of the world’s strongest solar resources
Figure 4.3. Second, grid reliability across much of the continent
remains insufficient to support conventional EV charging,
creating demand for decentralised alternatives.
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Operating projects across each pathway

a

ready demonstrate feasibility.

Grid-connected solar charging

is operating in Kenya and Egypt,
where contrasting fuel price and

grid conditions illustrate the range of
market economics.

Mini-grid and off-grid solar are
scaling in Nigeria, where fuel subsidy
removal and chronic grid unreliability
have accelerated the commercial
case forindependent charging
systems.

Behind-the-meter solar is operating
in Rwanda and Kenya, where
operators including Ampersand

and CrossBoundary Energy have
demonstrated viable swap station
and depot charging models at scale.

The following sub-sections discuss each
pathway in more detail.

Total capacity (MW)

4.1.3 Grid-connected solar unlocks
EV charging for passenger
vehicles and larger fleets as grid
quality improves

Solar is beginning to reshape Africa’s electricity mix, though
from a low base. As aforementioned, solar accounted for less
than 4% of Africa’s electricity generation in 2025, while gas
remained the dominant source at 42%. Renewables, including
wind, hydropower and bioenergy nonetheless overtook coal

for the first time in 2025, reaching 26% of total generation.
However, as shown in Figure 4.4 below, solar panel imports are
now accelerating. According to Ember, 16 African countries
imported a record 15,000 MW of solar panels from Chinain
the 12 months to June 2025, with the potential to add at least
5% of a country’s electricity generation. Figure 4.4 below shows
that imports have continued to increase, exceeding 26,000 MW
by year-end 2025, a 162% increase from 2023.
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Figure 4.4: China solar PV export data, by location (2017-2025)
Source: Ember (2026) China’s Solar PV Exports

Unlike behind-the-meter and off-grid
charging models, which require fleet

(o]

perators to invest directly in generation

on substantial site-level electrical upgrades, such as increased
transformer capacity, sanctioned load increases, and utility
approvals. Where grid reliability is adequate and renewable

and storage, grid-connected charging
draws on shared system infrastructure

penetration is rising, this becomes the primary route to large-
scale electrification of passenger cars, minibuses, and buses,
and does not require dedicated on-site
supply. However, depot charging, bus

charging and fast charging still depend

likely remaining the dominant pathway across most African
markets as grid quality and clean generation continue to
improve.
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Kenya and Egyptillustrate the two ends For a detailed case study on renewable energy-integrated

of the spectrum across which grid- e-bus charging infrastructure in Kenya, including grid-

connected electric mobility economics connected solar charging models and business models,

play out in African markets: see Annex V.

=  Kenya combines a predominantly = Egypt, by contrast, has heavily subsidised fuel prices that
low-carbon grid (renewable sources compress the operating cost advantage of electric vehicles.

supply over 90% of generation)
with high imported fuel costs and a
dedicated off-peak e-mobility tariff.

Figure 4.5 to 4.7 compare total cost of ownership across two-
wheelers, four-wheelers and buses in Kenya and Egypt.

Total cost of ownership USD (LHS), Cost in $ per km (RHS)
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Figure 4.5: Total cost of ownership for electric and petrol models for two wheelers, Kenya and Egypt (2024)

Source: Egypt ERA (2024) Electricity Tariff; Stima Tracker (2026) Electricity cost in Kenya; Awad at al (2025) Electric Vehicle Adoption in Egypt:
A Review of Feasibility, Challenges, and Policy Directions; EV24 Africa (2026) Electric Cars in Kenya: Availability, Costs and Charging in 2026;
Autobarn (2025) Should You Buy a Car with High Mileage? Here’s What Matters More; Elkafoury et al (2016) Assessment Approach of Life Cycle of
Vehicles Tyres on Egyptian Road Network

Note: Key assumptions: this model presents a 5-year total cost of ownership comparison using grid charging only, with all costs expressed in USD and no currency
fluctuation assumed over the period. Energy and fuel prices are held constant with no escalation or subsidy changes modelled. EV battery replacement is applied
at mid-life where applicable, and maintenance costs are assumed flat annually with no major repair events. Second-hand ICE vehicles are assumed at a lower
purchase price but carry the same ongoing fuel and maintenance costs as new vehicles. Costs are presented in nominal undiscounted terms over the vehicle lifetime,
consistent with the simplified TCO approach used in comparable African EV studiesVehicle lifetimes are assumed at 5 years for 2/3-wheelers, 10 years for 4-wheelers,
and 15 years for buses and minibuses. Electric four-wheeler models in Kenya and Egypt both based on price of BYD Dolpin respectively.
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Figure 4.6: Total cost of ownership for electric and petrol models for four wheelers, Kenya and Egypt (2024)

Source: Egypt ERA (2024) Electricity Tariff; Stima Tracker (2026) Electricity cost in Kenya; Makena, E. (2024) Electric Buses are Reshaping Nairobi’s
Public Transport, Andariya; Ramadan et al (2023) Life Cycle Cost Analysis of Electric-Powered Buses in Public Transportation in Egypt.
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Note: Key assumptions: this model presents a 5-year total cost of ownership comparison using grid charging only, with all costs expressed in USD and no currency
fluctuation assumed over the period. Energy and fuel prices are held constant with no escalation or subsidy changes modelled. EV battery replacement is applied
at mid-life where applicable, and maintenance costs are assumed flat annually with no major repair events. Second-hand ICE vehicles are assumed at a lower
purchase price but carry the same ongoing fuel and maintenance costs as new vehicles. Costs are presented in nominal undiscounted terms over the vehicle lifetime,
consistent with the simplified TCO approach used in comparable African EV studiesVehicles are assumed at 5 years for 2/3-wheelers, 10 years for 4-wheelers, and
15 years for buses and minibuses. Bus specifications modelled: Egypt - 12-metre full-size city bus (approximately 40-45 seats), representative of Mwasalat Misr fleet
operating under Cairo Transport Authority; Kenya, a 36-seat electric bus supplied by BasiGo.
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Figure 4.7: Total cost of ownership for electric and petrol models for buses, Kenya and Egypt (2024)

Source: Egypt ERA (2024) Electricity Tariff; Stima Tracker (2026) Electricity cost in Kenya; Makena, E. (2024) Electric Buses are Reshaping Nairobi’s
Public Transport, Andariya; Ramadan et al (2023) Life Cycle Cost Analysis of Electric-Powered Buses in Public Transportation in Egypt.

Note: Key assumptions: this model presents a 5-year total cost of ownership comparison using grid charging only, with all costs expressed in USD and no currency
fluctuation assumed over the period. Energy and fuel prices are held constant with no escalation or subsidy changes modelled. EV battery replacement is applied
at mid-life where applicable, and maintenance costs are assumed flat annually with no major repair events. Second-hand ICE vehicles are assumed at a lower
purchase price but carry the same ongoing fuel and maintenance costs as new vehicles. Costs are presented in nominal undiscounted terms over the vehicle lifetime,
consistent with the simplified TCO approach used in comparable African EV studiesVehicles are assumed at 5 years for 2/3-wheelers, 10 years for 4-wheelers, and
15 years for buses and minibuses. Bus specifications modelled: Egypt - 12-metre full-size city bus (approximately 40-45 seats), representative of Mwasalat Misr fleet
operating under Cairo Transport Authority; Kenya, a 36-seat electric bus supplied by BasiGo.

The above figure illustrates that relative commercial case for grid-connected EV charging is strongest

fuel prices and secondhand vehicle in high fuel-cost, low-carbon grid markets, and weakest where

availability are the two variables that fuelis subsidised.

determine whether grid-connected * The EV cost advantage for four-wheelers is less pronounced

electric mobility is commercially viable in than for other segments because passenger cars

each market today. Key insights are that: accumulate significantly fewer kilometres annually than

= |nKenya, where fuel import costs are buses or motorcycle taxis, which operate continuously on
high and the grid is predominantly high-demand urban routes, providing the bulk of Africa’s
renewable, electric vehicles offer a informal transit networks.

isiv t advant r two- . S -
decisive cost advantage across two Recent subsidy reforms in Nigeria and Ethiopia demonstrate

wheeler and bus segments. that this picture is not static: as governments remove fuel

* InEgypt, subsidised fuel prices subsidies, the operating cost advantage of EVs improves
eliminate that electric advantage. materially, and both markets are beginning to see increased
Here, ICE vehicles (particularly operator interest in electrification as a direct consequence.

second-hand ones) are cheaper

. . Table 11 illustrates an indicative view of how selected African
than new electric options across all

markets fall across these two dimensions of fuel subsidy status
segments except two-wheelers.

and zero-carbon electricity share. The table can be used to

= Thi namic is not uni toth ) -
s dynamic is notunique to these understand which markets have conditions that are currently

two countries; it characterises the . . . .
suited to pursue a grid-connected solar pathway, i.e. those with

broader continental picture, where the conditions like Kenya where fuel costs are high and there is
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a pre-existing pathway to building out Ghana. Less suited are locations with fuel subsidy that also lack
renewable generation on grids. This strong renewable energy build-out, such as Algeria and Libya.
would include Rwanda, Ethiopia, and

Table 11: Fuel Subsidy Status, Low-Carbon Electricity Share, and EV Operating Cost Advantage

Country Fuel subsidy in Share of electricity Indicative assessment of operating
place in Q1 2026 generation from low carbon cost advantage of grid-connected EVs

sources (2025) over ICEs

Kenya No 90% High

Rwanda Yes 50% Moderate

Ethiopia No 100% Moderate to high

Ghana No 36% Moderate

Nigeria No 31% Moderate

South Africa No 18% Low

Egypt Yes 13% Low

Algeria Yes 1% Very low

Libya Yes 0.1% Very low

Source: World Bank (2025), Global Landscape of Fuel Subsidies and Price Controls, supplemented by IMF (2026), Sub-Saharan Africa Regional
Economic Outlook (for Rwanda and Kenya), and Addis Insight (2025), Ethiopia’s Government Officially Ends Fuel Subsidy for Ethiopia; Ember
(2026), Electricity Data Explorer. For the share of electricity generation from low-carbon sources, low-carbon sources include wind, solar,
hydropower, bioenergy, nuclear, and other renewables. The year referenced is 2025 for Kenya, Rwanda, Ethiopia, Nigeria, South Africa, and Egypt,
and 2024 for Ghana, Algeria, and Libya.

A final consideration for this pathway is 4.1.4 M|n| gl’idS and Off-gl’id solar can
that grid reliability and access remain a make EV charging economically

further constraint to the development . . . .
of grid-connected e-mobility. As noted viable in areas without reliable

in the starting of this chpater, the IEA grld access

found in 2024 that approximately 600 In off-grid and mini-grid solar systems, solar generation and
million people in sub-Saharan Africa, battery storage operate independently from the grid, supplying
47% of the population, lacked access power directly to charging equipment or battery swap stations.
to electricity, with electrification barely Historically, this route was not economically competitive as the
keeping pace with population growth. high upfront cost of solar and battery systems made diesel and
Even where grid connections exist, petrol gensets the default choice for off-grid power across sub-
reliability is frequently insufficient for Saharan Africa. However, two structural shifts are changing this.

dependable vehicle charging.
= First, fuel costs have risen sharply in recent years. This

In the near-term, the two pathways reflects wider macroeconomic factors, including oil price
examined below, behind-the-meter volatility and currency depreciation, as well as fossil-fuel
and off-grid solar, allow light vehicles subsidy reform in selected African markets including Nigeria,
to scale without waiting for grid Angola, Ghana, Kenya and Tanzania. The most significant
investment and reliability conditions impact was in Nigeria, where the removal of the petrol

to mature. subsidy in May 2023 caused prices to rise more than fivefold

from USD 0.4/litre to over USD 1.14/litre by 2024.

= Second, the cost of solar panels and lithium battery storage
has continued to fall, causing solar and battery off-grid
economics to improve.
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The combined effect has been illustrated
by modelling first developed by SEforAll
in 2024, focused on Lagos State, and
conducted in partnership with the Lagos
State Government. The study examined
the financial competitiveness of diesel
gensets against equivalent solar and
battery systems for backup power
provision across residential, commercial
and market sectors. The study found that
the primary barrier to solar adoption was
the significant upfront investment rather
than long-run cost competitiveness.

Across both segments in Figure 4.8,
solar-plus-battery systems now
undercut diesel gensets on total cost
over the modelled period, a reversal
made possible by Nigeria’s subsidy
removal and the sustained decline in
solar and battery costs. The required
system size scales considerably with
the vehicle: a two-wheeler requires a
2.5-kW system with 3.3 kWp of solar and
a 10-kWh battery, while a four-wheeler
requires nearly four times the solar

USD/KWh (LHS), USD/KWh (RHS)

capacity and three times the battery storage, a scale difference
with material commercial implications. These figures are
illustrative and Nigeria-specific; the economics will vary across
markets according to local fuel prices, financing conditions,
and solar irradiation. Further, it is important to note that in many
rural areas, transport demand may be too dispersed to support
a standalone charging asset. EV charging can be a productive
anchor load for a mini-grid only where vehicle routes, volumes,
ability to pay, and station utilisation are established.

The direction, however, is clear: as fuel costs rise and
technology prices continue to fall, the economic viability
of off-grid solar charging is expanding across both markets
and vehicle segments.

This trajectory is corroborated by continent-wide analysis
showing that battery electric vehicles paired with solar off-grid
charging will achieve lower total cost of ownership than fossil
fuel equivalents across all passenger vehicle segments in Africa
by 2040, with two-wheelers reaching this threshold by 2030.
Financing cost, not technology cost, is identified as the primary
remaining barrier. Off-grid solar charging is therefore not an
interim or niche solution, but a pathway where commercial
viability is strengthening as technology costs fall and where
targeted financing interventions can accelerate deployment
ahead of the technology-only timeline.
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Figure 4.8: LCOE comparison of off-grid solar and batteries compared with diesel gensets

Source: SEforALL (2024) Beyond Gensets: Advancing The Energy Transition in Lagos state; National Bureau of Statistics (NBS) PMS &
AGO Price Watch Reports 2025; BNEF (2025) Lithium-lon Battery Pack Prices Fall to USD 108 Per Kilowatt-Hour, Despite Rising Metal
Prices; World Bank (2024), Official Exchange Rate, Period Average: Nigeria, via CEIC Data

Note: For both vehicle segments, a load factor of 80% is applied to reflect the continuous and intensive nature of vehicle charging, which differs
from the intermittent backup power use assumed in the original SEforAll model. Daily generator usage is 4 hours. Solar panel specification: 545W
monocrystalline panels. Battery specification: 12V 2.5kWh lithium-ion (Prag). AlLNGN figures converted to USD using the World Bank official exchange
rate period average for Nigeria in 2024 of NGN 1,487 per USD.
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4.1.5 Behind-the-
meter solar
enables
commercial
fleet and swap
station charging

Behind-the-meter solar refers to on-site
solar generation installed at a depot,
commercial premises, or battery swap
station, which feeds power directly to
charging equipment and connects to
the national grid as backup if needed.
Behind-the-meter solar and mini-grid
solar share the same core components,
on-site solar generation, battery storage,
and power management hardware, and
are procured from the same supply
chains, making their per-kilowatt capital

costs broadly comparable. The key difference is that behind-
the-meter systems connect to the national grid as backup
rather than operating in full isolation. The cost modelling in
Figure 4.8 for mini-grid versus diesel generation can therefore
serve as a reasonable proxy for behind-the-meter solar charging

economics, adjusted for the specific load profile of the charging
application and the availability of grid backup to manage
demand peaks.

For electric two-and three-wheelers, which dominate Africa’s
early electrification wave, this form of solar-based EV charging
suits particularly well, since solar-powered battery swap stations
can operate in locations where energy access is limited or
difficult. The small batteries in vehicles require only low-capacity
solar installations to charge, removing the need for major grid
infrastructure upgrades to enable charging. Typical urban trip
distances mean range is rarely a limitation for these vehicles,
and where it is, battery swap networks address it by allowing
riders to exchange depleted batteries rather than waiting for
vehicles to charge.
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The commercial deployment of behind-
the-meter solar in battery swap station
operations remains limited in scale but
is advancing. Ampersand, operating
electric motorcycles commercially
across Rwanda and Kenya, is the leading
example. The scale of uptake is reflected
in over 20,000 daily swaps now delivered
across Kenya and Rwanda. Ampersand
has since extended its model to
incorporate solar generation, partnering
with CrossBoundary Energy in October
2025 to commence commercial
operations of a solar-powered swap
facility in Nairobi, the first project of

its kind to receive a solar-to-charging-
station license from Kenya’s Energy and
Petroleum Regulatory Authority.

For a detailed case study on renewable
energy-integrated battery swapping
infrastructure in Kenya, including
behind-the-meter solar and battery
swap station models,

see Annex IV.

However, wider replication across the
continent has been constrained by
market conditions. Ampersand’s model
depends on high fuel prices, sufficient
rider density to sustain battery swap
station utilisation, supportive policy,

and access to blended finance for
battery and charging infrastructure. The
conditions that have enabled its success
in Rwanda, a small, geographically
cohesive urban environment and strong
government policy commitment, are
more difficult to replicate in larger, more
fragmented markets. Where fuel prices
are lower or transport networks more
dispersed, the investment case weakens
materially without financial support.

Behind-the-meter solar also faces
structural limitations when applied to
larger vehicle segments. Unlike two-
and three-wheelers, whose modest
daily energy demands can be met by a
small solar installation, four-wheelers,
minibuses, and commercial freight
vehicles require energy volumes that

make the economics of behind-the-meter solar fundamentally
different. Research on minibus electrification in sub-Saharan
Africa finds a mean daily energy demand of approximately 87
kWh per vehicle, and that even a well-optimised solar-plus-
storage installation of 9 kWp and 60 kWh of battery storage

per vehicle reduces grid dependency by only 66%, leaving
substantial grid reliance. The capital cost of a solar and storage
system scaled to this level of demand can be prohibitive for
informal operators, who typically lack access to the financing
structures required to make such investment viable. Studies
examining minibus electrification across Cairo, Nairobi and
Cape Town find that new sources of finance to cover upfront
investment in charging infrastructure and vehicles are essential,
and that tax relief alone is insufficient to make electric buses
price-competitive. For this reason, behind-the-meter solar
appears to be the most commercially actionable pathway for
two- and three-wheelers in the near term, while larger vehicle
segments require either grid-connected charging or dedicated
structured financial support to make the economics work.

The question is no longer whether solar-powered electric mobility
will scale, but rather how to unlock and accelerate this transition
through targeted interventions, particularly in the case of the
more nascent behind-the-meter solar. This section sets out the
barriers constraining the scale up today, and what financing,
policy, and infrastructure enablers can help to overcome these.

Several interconnected barriers continue to limit the large-scale
expansion of solar-powered electric mobility across Africa.
Macroeconomic conditions represent the binding constraint,
with financing, infrastructure, policy, and skills barriers
compounding the challenge in most markets.

1) Macroeconomic and financing conditions are the
binding constraint

Macroeconomic and financing conditions are the primary
barrier preventing widespread uptake of solar-powered
e-mobility. Interest rates in local currency markets across
much of sub-Saharan Africa remain prohibitively high,
making the upfront capital costs of EVs and charging
infrastructure prohibitive for most operators. Most solar and
electric vehicle components are imported and priced in US
dollars, meaning developers and operators borrowing in
local currency are exposed to both high domestic interest
rates and exchange rate depreciation, a dual risk that raises
the effective cost of capital and weighs disproportionately on
capital-intensive low-carbon technologies. Where financing
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is available in foreign currency,
exchange rate risk materially
weakens the economic case for
electrification and shifts the residual
risk onto operators least able to
absorb it. At the sovereign level,
large-scale vehicle imports create
balance of payments pressure that
constrains government ambition.
This is a genuine tipping-point
problem: without coordinated
intervention at the level of sovereign
credit, concessional capital,

and currency risk instruments,
macroeconomics will continue to
prevent deployment in all but the
most favourable markets.

Low fossil fuel prices and a large
informal secondhand market
make economics challenging in
some countries

Fuel price variation compounds the
financing challenge and creates
starkly different economic conditions
across markets. In Kenya, high retail
petrol prices generate a strong
operating cost differential that
justifies higher EV upfront costs. In
Egypt, subsidised fuel eliminates
that differential entirely. This dynamic
is enhanced further by the structure
of informal transport markets:
electric vehicles compete not
against new ICE vehicles but against
heavily depreciated secondhand
units, with operators weighing

only the difference in running and
maintenance costs rather than full
purchase price. The cheaper the
incumbent vehicle, the lower an EV’s
running cost must be to compete.

Costly charging infrastructure
and grid unreliability limit solar
charging deployment

Scaling solar-powered electric
mobility requires vehicles that can
charge and charging that is reliably
powered. Both conditions remain
challenging across most of the

continent. Both conditions remain challenging across most
of the continent. On infrastructure, charging networks and
battery swap systems require substantial upfront capital that
most operators cannot access. Even small-scale behind-
the-meter solar installations for two-wheelers are difficult
to finance without concessional support or public anchor
demand; fleet depot charging for buses requires investment
at a scale thatis rarely accessible to informal operators. The
result is a severely underdeveloped charging network: in
2024, only 17% of African countries had ten or more public
charging stations.

On power supply, the absence of reliable grid infrastructure
means that where charging points do exist, they frequently
cannot operate dependably. As noted, as of 2024, 47%

of Africa’s population lacked access to electricity. Where
grid access exists, reliability frequently falls short of the
standards required for dependable vehicle charging.

4) Policy and regulatory framework uncertainty raise
investment risk

Many countries lack the right EV policy and regulatory
frameworks to attract investment. The most critical gap

is harmonised charging standards and grid connection
protocols to ensure interoperability between EVs and
charging solutions. These are absent in most markets,
creating stranded-asset risks and market fragmentation that
raise investment risk even where the underlying economics
are favourable. Other enabling policy instruments such as
EV and charging equipment import duty reductions and
preferential charging electricity tariffs are lacking in most
countries too. Where adopted, these instruments have
demonstrated a measurable impact on EV economics and
risk premiums. In Kenya, for example, dedicated e-mobility
tariffs have had a notable effect on EV deployment.

5) Workforce and skills gaps constrain the pace of scaling

Even where economics are favourable and financing

is available, a shortage of trained EV technicians and
experienced electric mobility entrepreneurs constrains

how quickly deployment can scale. The sector remains at

an early stage across most African markets, and the pool

of operators with experience in electric fleet management,
battery maintenance and solar-integrated charging systems is
small as a result. Early deployments in Kenya and Rwanda are
beginning to generate the knowledge base and local expertise
that will be essential for replication across other markets, but
deliberate investment in workforce development and technical
training programmes will be required to ensure skills capacity
does not become a bottleneck as deployment accelerates.
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4.3 Mission 300:
Grid and Market
Foundations for
Solar e-Mobility

4.3.1 What is being
done?

While few dedicated e-mobility actions
have been taken across the continent,
the overall electrification agenda

is unfolding towards creating more
favourable conditions for EVs. For
instance, Nigeria pairs its renewables
shift (22% to 50%) with cost-reflective
tariffs and a 7.32-million-meter closing
programme: the commercial substrate for
grid-connected charging. Kenya, at 93%
renewable consumption, and Rwanda
are the two markets with battery-less

vehicle financing frameworks, and both hold compacts targeting
universal access. Zimbabwe’s 100 MW net-metering commitment
creates the regulatory keystone for behind-the-meter charging;
Ethiopia’s 95%+-renewable, GERD-anchored grid offers the
continent’s cleanest charging electrons; Namibia’s cost-reflective
tariff regime shows what a commercially priceable charging
environment looks like; and the mini-grid pipelines of Zambia
(regulations due December 2026) and Uganda (~2,712 sites)
define where swap stations can anchor rural load.

4.3.2 What needs to be done?

What the compacts do not yet do is mention e-mobility
explicitly: in most of the published compacts, transport
electrification is absent from the reform-action lists.
Governments may consider assessing e-mobility reform actions
and building their linkage to the Mission 300 goals: duty and VAT
treatment for electric two- and three-wheelers, legal frameworks
permitting battery-less vehicle sale and financing (today an
active policy gap outside Kenya and Rwanda), dedicated
charging-tariff categories, and the inclusion of charging and
swap infrastructure in national geospatial electrification plans.

Table 12 Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

Grid build-out &
renewables-share targets
(Nigeria 50%, Kenya
100%, Zambia 33% non-
hydro)

Pillar 4: guarantees, FX
tools and transparent
pipelines for private
capital

Tariff and net-metering
reform (Zimbabwe

100 MW; Nigeria cost-

reflective + social tariff)

Energy-security logic of
every compact (reduce
fuel imports)

Jobs and skills
mainstreaming in
compacts

EV fleets nascent:
Kenya (the continent’s
leader) reached 24,754
registered EVs by end-
2025

Charging and swap
networks financed at
commercial rates with
full FX exposure

Dedicated e-mobility
tariffs rare (Kenya’s
EPRA off-peak tariff the
exception); BaaS law
only in Kenya & Rwanda

Transport fuel has

a huge share in
merchandise imports
across SSA; battery
packs down 93%, solar
down 87% since 2010

EV technician shortage
already constrains
otherwise viable markets

Charging demand
missing from

load forecasts

and geospatial
electrification plans

No dated e-mobility
reform actions, hence
no compact financing
or monitoring line

Legal frameworks

for battery-less
vehicle sale/financing
and charging tariff
categories

Transport-energy
linkage missing from
compact planning
despite settled
economics

EV systems absent
from TVET curricula
outside East Africa

National Energy Where the continent Gap to close Closing enabler
Compact commitments | stands

Coordinated delivery across
government, utilities and the private
sector enabling addition of charging
demand into load forecasts and
geospatial plans

Concessional finance and currency-
risk instruments and alternative
financing models

Targeted regulatory instruments such
as BaaS legal framework, duty/VAT
reform, dedicated charging tariffs:
Kenya’s 2023 Finance Act and EPRA
tariff as templates

Concessional finance and currency-
risk instruments, such as DFI local-
currency debt, first-loss structures

Workforce development enabler;
apprenticeships in operator
networks; leveraging STAR-C network

Source: National Energy Compacts submitted by African countries

Once inside the compact, charging infrastructure becomes part of the monitored national pipeline that
Mission 300-aligned capital is mandated to fund.
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Scaling solar-powered electric mobility
across Africa is achievable, but requires
targeted intervention on financing, policy,
and infrastructure. Macroeconomic and
financing enablers are preconditions:
without them, the remaining enablers
cannot operate effectively.

1) Concessional finance and
currency risk instruments are the
precondition for scale

Solar charging infrastructure

and electric vehicles in Africa

are developed and financed
predominantly by private operators,
fleet companies, swap station
networks, and independent charging
providers, typically independent of
grid infrastructure and covering both
vehicle acquisition and charging
assets. The single biggest constraint
on scaling these models is the

cost of borrowing. Development
finance institutions can address this
directly by providing loans in local
currency, offering guarantees that
protect investors against currency
depreciation, and absorbing early-
stage losses to make projects
attractive to commercial lenders.
This last approach, where a
development bank absorbs the
riskiest portion of a financing
package to make the remainder
bankable for private investors, has
worked for both Ampersand and
BasiGo and represents a replicable
model. BasiGo secured USD 17.5
million in debt facilities from Bll

and the US DFC, while Ampersand
raised USD 7.5 million in debt from
Cygnum Capital’s Africa Go Green
Fund alongside equity from impact
investors. The International Solar

2)

3)

Alliance’s proposed Africa Solar Facility is well positioned

to play this role at scale across solar-integrated mobility
projects. However, these interventions address the financing
symptoms rather than the underlying conditions: where fuel
subsidies compress the operating cost case for EVs, or where
sovereign credit constraints limit government ambition, the
investment case will remain challenged regardless of the
financing structures available.

Alternative financing models must reduce the upfront
cost barrier for operators

Removing the battery from the upfront vehicle purchase
price through Battery-as-a-Service models reduces EV
acquisition costs and has been demonstrated at scale by
Ampersand in East Africa and SUN Mobility in India. Pay-as-
you-drive models, as deployed by BasiGo for a bus fleet of
over 100 units in Kenya, allow operators to acquire electric
vehicles at comparable cost to diesel equivalents. Leasing
structures for charging infrastructure, mirroring the power
purchase agreements that have driven commercial solar
deployment across Africa, can remove capital barriers for
battery swap station operators, as CrossBoundary Energy
has demonstrated in its partnership with Ampersand in
Nairobi. However, battery-as-a-service models require a
supportive legal framework permitting vehicles to be sold
and financed without batteries; this is an active policy gap in
most African markets outside Kenya and Rwanda. Second
and third-life battery reuse in charging infrastructure remains
an underexplored cost-reduction lever that warrants further
applied research.

Targeted regulatory instruments must enable EV uptake

The regulatory levers with the most direct near-term impact
are harmonised battery and charging standards across
regional economic communities and targeted import duty
exemptions for EVs and charging equipment.

The priority should be harmonised charging standards
and grid connection protocols across regional economic
communities, ensuring interoperability of EVs and charging
solutions. Without these, incompatible battery formats
create stranded-asset risks and market fragmentation that
deter investment even where underlying economics are
favourable, as is currently the case in most markets.

In addition, fiscal frameworks can incentivise EVs by
introducing import duty exemptions and VAT reduction.
These reduce upfront capital cost, the primary constraint for
informal operators.

Well-designed, time-of-use commercial charging tariffs,
cost- and time-reflective, can present an additional, more
optional benefit.
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Case studies from Rwanda and
Kenya illustrate the impact the latter
two measures can have on costs
and sales. Rwanda introduced zero
import duties, zero VAT, and zero
excise duty on EVs and charging
equipment, reducing the effective
cost of an EV, in addition to a ban on
new petrol motorcycle registrations in
Kigali. Kenya removed excise duties
and zero-rated VAT on EVs, batteries,
and charging equipment, and
introduced an e-mobility electricity
tariff that allowed charging below the
standard domestic rate from March
2023. In Kenya, this contributed to
an 188% increase in EV charging
consumption in 2025.

Coordinated delivery across
government, utilities and the
private sector is essential

Early deployments consistently
demonstrate that electric mobility
requires coordination, combining
policy support, utility engagement,
private sector operation, and
development finance. No single
operator can simultaneously address
vehicle affordability, charging
infrastructure, grid connection,

and workforce training. Effective
electrification of transport requires
deliberate coordination between
fleet operators, utilities, and
planning authorities. Without it,

the risk is that grid connection
delays, competing infrastructure
priorities and misaligned investment
timelines create bottlenecks that
slow deployment even where

the commercial case is clear.
Development finance institutions,
utilities, and national delivery units
must operate in alignment, with

the ISA well positioned to facilitate
knowledge transfer from markets
with demonstrated early success.
In Rwanda, early government action
on EV tariff design and import duty

exemptions has supported faster deployment than in most
comparable markets , demonstrating that targeted policy

instruments, rather than any single technology or operator,
are among the most transferable lessons for other markets.

5) Workforce development must begin now to avoid
becoming a bottleneck

Scaling solar-powered electric mobility requires a workforce
that does not yet exist at sufficient scale across most
African markets. EV maintenance and battery management
demand skills that differ materially from conventional vehicle
servicing, and technician shortages are already constraining
deployment in otherwise viable markets. Technical and
vocational training aligned to EV systems, apprenticeship
frameworks embedded in operator networks, and

business development support for operators considering
electrification are medium-term investments that must
begin now to keep pace with deployment. East Africa’s early
deployments have begun to generate the knowledge base
and trained workforce that will be essential for replication
elsewhere: the ISA and development finance institutions

are well placed to fund programme establishment at scale,
drawing on models already piloted in Kenya and Rwanda.

4.4.1 Case study on Kenya: building
a solar-powered electric
mobility ecosystem

Kenya has emerged as sub-Saharan Africa’s most advanced
electric mobility market, demonstrating that a combination

of a low-carbon grid, targeted fiscal policy and catalytic
development finance can support private operators with locally
adapted business models.

Kenya spends over USD 5 billion annually
on fuel imports, leaving urban transport operators directly
exposed to global oil price volatility. The backbone of urban
mobility, motorcycle taxis and informal minibuses, operates
on constrained margins in which fuel is the dominant variable
cost. At the same time, with 90% of electricity generated from
renewable sources, Kenya’s grid offers one of the lowest-carbon
charging environments on the continent, creating a structural
opportunity to decouple transport from fossil fuels provided the
right policy and financing conditions could be established.

Three regulatory
instruments introduced between 2023 and 2026 were critical.

1. The Energy and Petroleum Regulatory Authority introduced a
dedicated off-peak e-mobility electricity tariff in April 2023,
directly reducing the cost of charging and improving swap
station economics.
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. The 2023 Finance Act cut excise

duties on EVs from 20% to 10% and
zero-rated VAT on EV components.

In February 2026, the Ministry of
Roads and Transport launched
Kenya’s National Electric Mobility
Policy, the first comprehensive
regulatory framework for the sector,
extending incentives to electric
buses, motorcycles, and lithium-ion
batteries.

Key stakeholders across the
government and private sector:

The Ministry of
Roads and Transport provided
policy direction and established
the E-Mobility Taskforce in 2023
to coordinate implementation
across government. The Energy and
Petroleum Regulatory Authority set
the e-mobility tariff and charging
standards.

Kenya Power expanded
the public charging network from
approximately 67 stations in 2024 to
over 300 by June 2025.

Ampersand,
BasiGo, Roam and Spiro, drove on-
the-ground deployment of electric
motorcycles and buses through
locally adapted vehicle and financing
models.

including the IFC, Africa50 and
the US Development Finance
Corporation provided the catalytic
capital that made early-stage
deployment bankable.

Kenya’s registered EV fleet

reached 24,754 vehicles by end
2025, an enormous jump from the
796 in 2022, the year before the first
policy was introduced. Electric two-

wheelers account for approximately
94% of the total. The pace of adoption
is accelerating: electric motorcycles

captured 15.3% of all new motorcycle
registrations in 2025, up from 7.1%

in 2024 and just 0.5% in 2021. Electric mobility consumption

on the national grid grew by 300% in the financial year to June
2025, demonstrating that deployment is translating into actual
charging activity at scale. Public transport electrification is also
advancing, with BasiGo operating over 100 electric buses in
Nairobi and targeting 1,000 across East Africa by 2027. This
progress has not been frictionless: operators and riders continue
to report that charging and swap infrastructure struggles to keep
pace with fleet growth, particularly outside Nairobi, and upfront
vehicle cost remains a barrier for lower-income riders despite
duty exemptions.

Kenya’s experience demonstrates that a replicable sequencing
exists, in which a low-carbon grid, a targeted electricity tariff,
duty exemptions and catalytic development finance together
create the conditions for private capital to follow at scale.
However, these conditions do not travel uniformly across the
continent: Nigeria has a comparably strong fuel-price signal

but a far less reliable, thermal-heavy grid, making solar-plus-
storage charging infrastructure the more relevant model there
rather than grid charging; Francophone West and Central Africa
benefits from currency stability under the CFA franc but a
thermal-dominated regional grid; and in lower-access markets
such as the DRC, grid-based charging is not available at the
scale Kenya enjoys. The transferability of this model therefore
depends above all on whether the macroeconomic and
financing conditions examined in this section can be replicated,
and whether governments are willing to introduce the secondary
policy instruments that have proved decisive in Kenya.

4.4.2 Policy priorities by vehicle

segment and charging pathway

The nature of support required differs materially across the

three charging pathways, grid-connected, mini-grid/off-grid, and

behind-the-meter, and by vehicle segment and geography.

For two- and three-wheelers, battery swap networks

are scaling commercially in East Africa but remain
underdeveloped across West, Central and North Africa - the
task here is reducing barriers to private investment through
lower import duties on solar components, streamlined
licensing for swap stations, and access to affordable local
currency financing for network operators.

For buses and commercial fleets, depot charging
represents the most critical near-term intervention: the
commercial case is proven and operators are willing

to invest, but grid connection processes across most
African markets are slow, opaque and not designed for the
concentrated loads that depot charging creates — the ask
is that governments and utilities establish fast-track grid
connection processes for EV depots, with standardised
technical requirements and transparent timelines.
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=  For public charging hubs,
concessional finance is needed
to bridge the gap between current
commercial viability and the
long-term enabling effect on fleet

electrification, particularly in markets

where anchor demand from buses
and fleets is not yet sufficient to
attract private capital alone.

4.5 Way forward

The policy priorities outlined above
are grounded in business models

already demonstrating commercial viability across African
markets. The three solar charging pathways (grid-connected,
mini-grid and behind-the-meter solar) give rise to distinct
business model archetypes: public charging hubs, depot-
based charging and battery swap networks. These archetypes
differ in their capital and grid infrastructure requirements,
maturity, financing structures, and target vehicle segments.
They suggest a sequencing logic for electrification across

the continent, with battery swap networks as the most
commercially advanced model operated through distributed
light vehicle systems today, and others following as grid quality
and policy frameworks mature.

Archetype Capital intensity Grid dependency Primary vehicle
segment
4 N [ N [~ N [ R\

Battery swap . High )
petworks Low to medium Low o Scaling with private Electric 2 and
Beh'n_d'_thé-metlef Modular, scalable Can be self-sufficient capital 3-wheelers
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D based ( Medi ([ N ( E N ( h
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Behind-the-meter solar infrastructure Can be self-sufficient operator scale urban logistics
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Figure 4.9: Archetype outline for busines models of charging infrastructure

Archetype 1: Battery swap networks
for electric motorcycles and three-
wheelers

Operators own and manage a network
of solar-charged battery swap stations,
charging riders a per-swap fee rather
than requiring upfront battery purchase.
This converts a capital cost into an
operating cost, dramatically lowers the
entry barrier for riders, and sidesteps
range anxiety entirely by decoupling
vehicle range from battery size. Solar
integration at battery swap stations
reduces electricity costs and improves
operational reliability where grid supply
is intermittent, making the model viable
across both urban and peri-urban
settings without dependence on grid

Source: ISA & ETC Analysis

infrastructure. The model also embeds a Battery-as-a-Service
structure: riders never own the battery, paying instead for
energy access on a per-use basis, which keeps the cost of entry
comparable to a conventional petrol motorcycle while delivering
materially lower running costs. The structural separation
between vehicle ownership and energy infrastructure ownership
enables two distinct investor and operator types to participate,
improving the overall capital efficiency of the model and making
it attractive to private capital without requiring public financing
or policy support.

Two operators illustrate how this archetype works in practice at
scale. Ampersand operates a fully integrated electric motorcycle
and battery swap network across Rwanda and Kenya, where
riders pay per swap rather than owning a battery, and swap
stations are increasingly powered by behind-the-meter solar. The
company operates over 5,700 electric motorcycles and delivers
more than 20,000 battery swaps daily across the two countries.
In addition, Spiro, founded in 2022 and now the largest electric
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vehicle company in Africa by deployed
fleet, combines locally assembled
motorcycles with a proprietary swap
network spanning six countries across
East and West Africa. From 8,000 bikes
and 150 swap stations at launch, the
company has grown to over 60,000
motorcycles and 1,200 swap stations,
with battery swaps rising from 4 million
in 2022 to over 27 million by late 2025.
Both companies operate on a Battery-
as-a-Service basis, retaining battery
ownership and charging riders per swap,
which keeps vehicle acquisition costs
low and aligns operator revenue with
rider usage. This makes the archetype
particularly well suited to markets
where motorcycles and three-wheelers
dominate urban transport and where grid
reliability is limited, conditions that apply
across a large share of Sub-Saharan
African cities today.

Archetype 2: Depot-based solar
charging for urban logistics fleets

Depot-based solar charging is an

emerging model in which fleet

operators install solar generation and charging infrastructure at
a central location, enabling a captive fleet to charge overnight
or during off-peak hours at materially lower cost than grid or
diesel alternatives.

This model suits operators with predictable routes, centralised
vehicle management, and sufficient balance sheets to finance
upfront infrastructure. Unlike battery swap networks, it requires
no public charging infrastructure and no separation of vehicle
and energy ownership: the fleet operator controls both. The
trade-off is that capital requirements fall on the operator rather
than being distributed across a swap network, making the model
more dependent on operator scale and access to finance.
Where these conditions are met, behind-the-meter solar
integration at the depot can significantly reduce operating costs
and insulate operators from fuel price volatility.

Dedicated depot charging at scale remains the least developed
of the three archetypes in Africa, though early signals are
emerging. In Kenya, Roam has partnered with cold-chain logistics
startup Keep It Cool to integrate locally assembled electric
motorcycles with solar-powered cold storage hubs, combining
clean transport with solar-powered refrigeration across Nairobi,
Kisumu, Nakuru and Mombasa. While this is not a direct example
of depot charging, itillustrates the commercial logic of integrating
behind-the-meter solar with captive electric fleets in goods
delivery, and points to the direction of travel as urban logistics
volumes grow. As fleet operator economics strengthen and
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energy tariff structures become more
supportive, this archetype is likely to
follow the path established by battery
swap networks, scaling first in markets
where both conditions are met.

Archetype 3: Public or shared charging
hubs, including electric buses

Shared charging infrastructure serving
multiple operators or vehicle types
represents the most capital-intensive
deployment model, but one with
strong potential where public transport
operators or municipalities can anchor
demand.

Electric buses require high-power
charging at depot or terminal points,
and the infrastructure investment
required places this archetype firmly

in the domain of grid-connected solar
rather than behind-the-meter or mini-
grid solutions. The model most closely
resembles conventional transport
infrastructure provision, and, for that
reason, its viability depends more
directly on supportive public policy,
regulated tariff frameworks, and

access to patient capital than the two
archetypes preceding it. Two contrasting
examples illustrate the range of
approaches through which this model is
beginning to emerge.

Cape Town’s Arrowgate Depot
represents a municipality-anchored
model. Equipped with Autel Energy
MaxiCharger DC Fast units operating on
a solar-grid hybrid system, the depotis
the largest public electric bus charging
hub in South Africa and among the most
significant in Africa, with capacity to
support 120 electric buses. The project
is led by Golden Arrow Bus Services, one
of Cape Town’s primary public transport
operators, with infrastructure investment
supported by the city and national
government frameworks, making it a
strong example of public procurement
driving shared charging deployment.

BasiGo illustrates a privately built variant
of the same archetype. Founded in

Kenya in 2021, BasiGo leases electric buses to independent
operators and transport cooperatives under a Pay-As-You-Drive
model. It has built Kenya’s first DC fast-charge network for
electric buses, a privately financed network of depots located
along bus routes with dedicated grid connections. Critically,
BasiGo’s CCS-2 chargers are open to any compatible passenger
car or truck, giving the network a publicly accessible character
despite being commercially driven. The model demonstrates
that shared charging infrastructure does not require public
procurement to deliver public access, but that a privately
financed operator, built around its own bus fleet, can open its
network to serve a broader market.

Taken together, these three archetypes suggest a sequencing
logic for electrification across Africa. Battery swap networks are
viable and scaling now with private capital; depot charging is
emerging where fleet operators have sufficient scale, and public
charging hubs for buses and eventually passenger cars require
stronger policy frameworks and public financing, meaning their
scaling is more dependent on the enablers discussed in Section
3. This sequencing, from distributed light vehicle models
toward larger shared infrastructure, is likely to define Africa’s
electrification pathway over the next decade.

Figure 4.10 translates this sequencing into the priority actions
required from each actor: near-term actions largely unlock the
swap network archetype already scaling today, medium-term
actions build the systems (grid connection, tariff structures,
financing instruments) that depot charging and public hubs
depend on, and long-term actions embed the fully harmonised
regulatory and financing environment (including cost-reflective
tariffs, currency clauses, integrated grid infrastructure) needed

to sustain the model at scale.
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Head of State /
(oF:1.11,1-14

Ministry of
Energy &
Transport

Energy Regulator
/ Standards

EV Delivery
Unit/ REA

Private Sector /
Operators

Financier /
DFI/ISA

IMMEDIATE — Establish

foundations
Priority actions to unlock deployment

Declare e-mobility national
priority with measurable
targets

Set national EV fleet
procurement target as
demand signal

Draft e-mobility regulation

Introduce EV import duty
exemptions & VAT waivers

Introduce EV-specific
electricity tariffs

Streamline charging licence
process

Establish national EV delivery
unit with ring-fenced mandate

Establish cross-ministerial
e-mobility task force

Advocate for import duty
exemptions on EVs and solar
components

Adopt interoperable battery
platforms; open swap networks
to multi-brand EVs

Approve blended finance
framework with multi-year
commitment

Approve performance-based
grant framework

Establish national e-mobility
strategy with targets &
timelines

Set a national EV fleet
procurement target for
government vehicles

Commission demand
mapping & least-cost
charging plan

Ring-fence EV budget

Set battery safety &
performance codes

Mandate swap station standards
Establish dedicated EV desk;
portfolio tariff process

Track interoperability KPls;
battery compliance portal

Coordinate between
ministries, utilities & operators

Manage charging concession
pipeline

Manage fleet charging; report
utilisation & grid demand
Build solar swap stations &
depot charging

Engage in EV regulation
consultations; self-regulate

Structure subsidy
instruments; set credit terms

Develop financial models; site
selection

Aggregate developer assets;
standardise contracts

LONG TERM — Sustain &

optimise
Embed enabling environment at scale

E-mobility embedded in
national development plans

Government fleet fully
electrified as anchor
demand signal

Fully harmonised national EV
regulatory framework in place
EV import duty and VAT
exemptions embedded in
fiscal policy

Cost-reflective tariffs with
inflation adjustment & currency
clause approved

National skills standards set
for EV & solar occupations

Deploy charging hubs;
integrate with grid feeders &
smart substations

Self-sustaining coordination
architecture with
institutionalised knowledge
transfer

Hire 70%+ local staff with
certified training

Run women’s entrepreneur
programme

Self-sustaining commercial
e-mobility ecosystem

Deploy credit and loans at scale

Co-finance solar charging
infrastructure

Approve cost-reflective tariffs
with currency clause

Figure 4.10: Roadmap for Solar based E-mobility: phased actions and responsibilities across key stakeholders
Source: ISA & ETC Analysis
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Utility-scale
solar, regional
interconnections,

and One Grid Africa

5.1 Why utility-scale solar matters for Africa?

Utility-scale solar projects, i.e. ground-mounted projects with a
nameplate capacity of more than 5 MWac (LBNL), represent a critical
enabler of Africa’s socio-economic development and a viable pathway
for accelerating the continent’s energy transition. Given the scale of
such projects (typically ranging from tens to hundreds of megawatts),
these projects supply the large volumes of electricity required to
simultaneously electrify households, public services, and productive
sectors. Crucially, they deliver power to industrial consumers at the
scale and the reliability demanded for heavy industrial operations.

The economic case: plunging
LCOE and storage costs

Substantial improvements in cost
competitiveness of solar PV modules
have cemented utility-scale solar power’s
position as a primary development
engine. Between 2015 and 2024, Africa’s
weighted-average Levelised Cost of
Electricity (LCOE) for utility-scale solar
dropped by over 67%, falling from 225
USD/MWh to just 74 USD/MWh. Within
this context, several African nations,
including Egypt and South Africa have

successfully secured exceptionally low power purchase tariffs in
the range of 25-30 USD/MWh, highlighting the region’s immense
potential for low-cost clean energy procurement.

The business and technical case is further strengthened by

the precipitous decline in BESS costs. Globally, the levelised
cost of storage has fallen to 65 USD/MWh. This translates to an
additional premium of just 33 USD/MWh to store 50% of a solar
power plant’s daytime generation, yielding a highly competitive
combined dispatchable cost of 76 USD/MWh. With IRENA
projecting an additional 32% reduction in the firm LCOE of
solar PV between 2025 and 2030, utility-scale solar coupled
with storage is rapidly outcompeting conventional baseload
generation technologies.
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ility-scale cost competitiveness (LCOE, 5/MWh)
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Figure 5.1: Utility-scale solar and dispatchable solar price developments

Market deployment and
geographic disparities

Utility-scale projects currently comprise
the dominant share of Africa’s total
installed solar capacity. Figure 5.2
highlights the installed solar capacity
across the top 10 African markets. These
leading markets account for 19 to 20

Total Installed

[ Total Installed Capacity (GW)
Capacity (GW)

Source: IRENA
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GW of the continent’s 22.2 GW total capacity, with utility-scale
projects constituting between 55% and 70% of this footprint.

Momentum continued through 2025, where utility-scale
installations accounted for 56% (4.5 GW) of all newly installed
capacity. Moreover, over 45 African countries were actively
constructing or implementing utility-scale projects in 2025,
representing a cumulative pipeline of 9 GW.

Share of Utility-Scale (%)
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Figure 5.2: Total installed solar capacity in leading African countries and share of utility-scale projects by 2025

Note: Figures are best estimates based on multiple sources including AFSIA, Global Solar Council, Reuters,
Africa Energy Portal and national industry reports.

Source: Africa Solar Industry Association (AFSIA) - Africa Solar Outlook 2025; Global Solar Council - Global Market Outlook 2025;
Reuters - Africa Primed for Solar Breakthrough (Feb 2026); Africa Energy Portal - Africa’s Solar Surge 2025.
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Nevertheless, significant
implementation disparities persist
across the continent. Notably, around
70% of utility-scale solar capacity under
construction in 2025 is concentrated

in just five countries, while nine African
countries have yet to deploy any utility-
scale solar projects, despite broadly
comparable solar resource potential

This section examines the challenges
constraining the deployment of large-
scale projects across Africa, despite the
continent’s abundant solar resources
and the continued decline in global PV
costs. The barriers are categorised into
three groups, macroeconomic, policy
and regulatory, and utility-level, and
their interdependencies are analysed
to illustrate how they collectively create
compounded obstacles to project
implementation.

5.2.1 Macroeconomic
level

Many African countries continue to
face elevated debt vulnerabilities

due to a combination of substantial
development financing needs,
persistent fiscal pressures, and the
adverse effects of recent global shocks.
The economic impacts of the COVID-19
pandemic, geopolitical disruptions,
rising borrowing costs, exchange

rate fluctuations, and slower growth
have constrained debt sustainability

in several economies, increasing the
burden of debt servicing and limiting
fiscal space for development priorities.
Around 21 countries are either in, or at
risk of, debt distress, with debt levels
exceeding 60% of GDP. Concurrently,
many countries across Africa face high
borrowing costs and, consequently,
elevated debt-service obligations. This
is reflected in the number of countries

across the continent. This disparity highlights the need to better
understand the underlying structural constraints limiting large-
scale deployment, as well as to identify and leverage successful
approaches from countries that have effectively mobilised their
solar potential.

Against this backdrop, this chapter provides African
policymakers and grid stakeholders with a comprehensive
blueprint for deploying large-scale solar energy projects.

where debt-service payments account for more than 10% of
government revenues. High debt levels and associated servicing
costs significantly undermine countries’ ability to finance critical
infrastructure investments.

Depreciating local currencies are also a widespread feature
across the African continent. Statistics indicate that around 29
African countries have experienced steep currency depreciation
in recent years. High debt-service costs, weak foreign exchange
reserves, and significant trade imbalances or persistent trade
deficits largely explain this decline. Currency depreciation poses
substantial risks to project development. Investors typically
respond to such risks by demanding higher returns, which in turn
increases financing costs and further constrains infrastructure
development.

5.2.2 Policy and regulatory level
a) Institutional arrangements

Weak governance structures pose substantial challenges
to tapping into Africa’s solar potential. In many African
countries, institutional arrangements remain unclear,
particularly regarding the distribution of roles and
responsibilities among relevant stakeholders and the
establishment of effective coordination mechanisms. For
instance, responsibilities for policy development, target
setting, resource assessment, and project development are
not clearly defined in several countries. Meanwhile, given
that multiple institutions are typically involved in solar project
development, the absence of coordination mechanisms
further complicates implementation and slows progress.

b) Procurement Processes

Insufficiently developed and unclear procurement processes
also hamper investment in Africa’s solar sector. Across

the continent, several countries face challenges related to
low transparency in procurement and bidding processes,
with some scoring poorly on corruption perception indices.
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Such non-transparent and non-
competitive processes not only
increase costs and burden public
budgets but also significantly
undermine investor confidence and
interest in the market.

Land access, permitting, and
allocation

Disputes over land rights and
access pose significant risks to solar
project development. Across Africa,
several countries have experienced
considerable delays due to conflicts
over land ownership, as well as
issues related to local community
displacement and compensation.
These challenges further complicate
project development processes and
deter investor interest in large-scale
solar deployment.

5.2.3 Utility level

Challenges also extend to the

operational level. Across Africa, most

electricity utilities face significant

financial challenges that severely affect their financial health.

Electricity grids across the continent experience some of the
highest transmission and distribution losses globally, including
both technical and non-technical losses such as electricity
theft.

These losses substantially reduce utilities’ revenues, which are
already constrained by highly subsidised electricity tariffs set
below the cost of service. This creates a vicious cycle: revenue
shortfalls limit utilities’ ability to invest in the grid upgrades and
digital solutions needed to reduce losses, which only deepens
the shortfall.

Furthermore, grid integration of variable renewable sources
requires flexible grid to respond swiftly to output variations
and maintain grid reliability. However, underinvestment in

grid upgrades also constrains improvements in grid flexibility,
thereby hindering the integration of renewable energy sources
and compounding the effects of utilities’ poor financial health.

5.2.4 Barriers prevalence across Africa

Previous sub-sections highlighted the key barriers hindering the
expansion of utility-scale solar projects across the continent.
This sub-section further examines the distribution and
prevalence of these barriers across different regions.

Examining how these barriers vary by region sheds light on the
stark differences in utility-scale solar investment across Africa.
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Figure 5.3 illustrates the varied
landscape of deployment bottlenecks
across the continent by scoring the
severity of key regulatory, technical, and
financial barriers across five African
sub-regions. The radar chart reveals
distinct regional risk profiles. North
Africa is overwhelmingly constrained by
deeply entrenched, subsidised tariffs
that distort market pricing, while Central
Africa faces systemic infrastructural
and governance headwinds, peaking

at maximum severity scores for
transmission and distribution (T&D)
losses, opaque procurement, weak
institutional arrangements, and limited
grid flexibility.

In contrast, West Africa’s primary
vulnerability is anchored in depreciated
local currencies and high T&D losses,
whereas East Africa shows a higher
relative exposure to land access
constraints. Southern Africa maintains
a more balanced but elevated risk
profile, with currency depreciation and
utility debt as its dominant financial
constraints. Together, these patterns
demonstrate that scaling utility-scale

Land Access

Opaque Procurement

Institutional Arrangement

=
/o

renewable energy requires highly localised regulatory and
technical interventions rather than a uniform, continent-wide
approach.

5.2.5 Compounded impact of barriers

Utilities across many African countries face weak financial
positions reflected in low creditworthiness. Addressing this
challenge typically requires sovereign guarantees to de-risk
investments; however, many governments are unable to issue
such guarantees due to already high debt levels.

In parallel, underdeveloped investment environments,
particularly weak regulatory and institutional frameworks,
slow down project development processes, further increasing
investment risk and associated financing costs.

As aresult, low creditworthiness, limited fiscal space to
provide sovereign guarantees, and lengthy and non-transparent
project development procedures combine to create a high-

risk investment environment. This ultimately leads to elevated
financing costs and reduced investor interest.

At the same time, financially constrained utilities and
governments are unable to invest in necessary grid upgrades
and critical infrastructure. This underinvestment in grid
modernisation results in ageing systems with limited flexibility
and insufficient capacity to integrate higher shares of renewable
energy.

Taken together, these interconnected challenges contribute to
the persistent underutilisation of Africa’s significant solar energy
potential.

T&D Losses

Subsidized Tariffs B North Africa

° B West Africa
® / Central Africa
B East Africa

B Southern Africa

2\
\/

Limited Grid Flex

High Debt

Depreciated Currency

Figure 5.3: Regional comparison of solar energy barriers in Africa

Source: ISA & RCREEE Analysis
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Utility Level
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= Opaque Procurement Process
= Land Access and Utilization

| J

\2

Utilities’ Low
Creditworthiness
N

~

{ IMPACTS )

Lack of Sovereign Aging and unreliable Slow Project
Guarantees grid infrastructure Development Process
)
N2

RESULTS

[ High Financing Costs [ Limited Grid Capacity }

Under Utilization of
Solar Potential

Figure 5.4: The impact of barriers on the utilisation of solar

Source: ISA & RCREEE Analysis

5.3 Mission 300: compact commitments behind
utility-scale solar and One Grid Africa

5.3.1 What s being
done?

The reform agenda that follows does
not start from zero: Pillars 1 and 2 of
every National Energy Compact commit
to least-cost planning, competitive
procurement and deeper power-pool
participation. Mozambique (3.1 GW
including Mphanda Nkuwa, regional
dispatch by 2028) and Tanzania (JNHPP
evacuation lines due Q3 2026 under

an Independent Power Transmission
model) carry the flagship hydro-plus-
transmission projects. Kenya plans a
5,952 MW multi-technology build-out
with interconnector trade rising to 1,000
MW, Guinea already exports to three
neighbours while committing to halve
commercial losses; Zimbabwe hard-

wires its SAPP-hub role through the MOZISA interconnection.
On the supply frontier, Zambia’s 3,000 MW solar programme,
Gabon’s 300 MW of solar-plus-storage, Botswana’s pivot
from 97% coal to 50% renewables with export ambitions and
Namibia’s SADC-conduit positioning show utility-scale solar
and regional trade being planned as one system.

5.3.2 What needs to be done?

The gap is between what is signed and what is being delivered:

The paradox is precise: the technology has never been cheaper,
and the capital has rarely been more expensive. Africa’s utility-
scale LCOE fell 67% in a decade to 74 USD /MWh - 25-30 USD
/MWh in the best auctions - yet clean-energy projects borrow
at 15-18% against 2-5% in advanced economies. The outcome
is concentration: 70% of capacity under construction in five
countries, nine countries with none, and more than two-thirds
of the utilities that must sign the PPAs unable to cover their
costs. Every link in that chain is addressed by a signed compact
commitment; none closes without the enablers that follow.
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Table 13: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy Where the continent Gap to close Closing enabler
Compact commitments | stands

Pillar 1 and 4: Competitive
procurement and
transparent pipelines in
every compact

Pillar 5: Cost-reflective
tariffs, loss reduction,
viable utilities

Pillar 2: Regional
integration and power
trade (WAPP, EAPP, SAPP,
CAPP)

Competitive procurement
commitments bank the
technology dividend

Land, permitting and
institutional reform
actions in compacts

More than 50% of capacity
under construction sits in 2
countries

More than two-thirds

of utilities below cost
recovery; only 4 of 32 rated
sovereigns investment
grade (UNDP 2025)

Pools operational but
cross-border volumes thin;
interconnectors under-
financed

LCOE down 67% to 74
USD/MWh; best auctions
at 25-30 USD/MWh; storage
premium just 33 USD/MWh

Land disputes and opaque
permitting add years to
project timelines across the
continent

Source: National Energy Compacts submitted by African countries

Procurement frameworks,
standardised PPAs and
published pipelines unbuilt
in most markets

Offtaker bankability: escrow,
partial risk guarantees, FX
cover still scarce

Harmonised grid codes,
wheeling frameworks and
bankable interconnector
finance

Affordable technology,
expensive capital: clean
energy borrowing at 15-
18% vs 2-5% in advanced
economies

Development timelines price
into capital costs and deter
entrants

Institutional
mandates, competitive
e-procurement,
standardised PPAs,
published pipelines

Escrowed payment
streams, partial

risk guarantees, FX
facilities; tariff reform
sequenced from C&l

Storage,
interconnection and
grid codes; power-pool
market operations

PRGs, escrow, FX
facilities, green bonds/
debt swaps

Clear institutional
mandates and
streamlined,
digitalised permitting;
e-procurement
transparency

For utility-scale developers and their financiers, the compacts function as a de-risking instrument in their
own right: a published, government-signed pipeline with reform milestones that can be priced, monitored
through twice-yearly Compact Progress Reports, and enforced through the visibility that slippage creates.

5.4 Priority enablers to accelerate deployment

Following the identification of the
root causes behind low investment
mobilisation for utility-scale projects
across Africa, this section outlines
interventions to address these

constraints and reverse the prevailing
investment trends. It also presents
selected case studies from across the
continent demonstrating the practical
application and effectiveness of these
interventions.

To operationalise these interventions, this report proposes an
Integrated Strategic Framework for Implementation

(Figure 5.5). This framework adopts a phased, tiered approach
to market reform. As illustrated below, it begins by laying a
critical foundational base (the Enabling Environment), which is

an absolute prerequisite for subsequent interventions. Building
upward upon this stable regulatory and institutional foundation,
the framework sequences targeted Risk Mitigation Solutions and
Capital Crowding-in mechanisms, ultimately culminating in the
deployment of advanced Technical Levers.
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Strategic Solutions Framework

Three Pillars for Accelerating Utility-Scale Solar Deployment in Africa

3. Technical Enablers
/Storage e Digitalisation * Grid Expansion\

=

2. Financial Architecture
Risk Mitigation e Capital Mobilisation e Innovative Finance

Yy N

1111
1. Enabling Environment
Governance ® Regulation ® Procurement e Tariff Reform

Utility-scale solar deployment requires an enabling policy foundation,
supported by robust financial architecture and reinforced by technical and infrastructure enablers.

Figure 5.5: Strategic Solutions Framework
Source: ISA & RCREEE Analysis
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The following subsections detail each
layer of this framework, supported by
regional case studies demonstrating
successful real-world application.

5.4.1 Enabling
environment

Establishing an enabling environment
represents the primary intervention

Collectively, these improvements strengthen the investment
environment by building greater confidence in the regulatory
and institutional framework.

While institutional arrangements vary across countries,

Egypt’s renewable energy governance framework offers one
example, outlining the key roles and responsibilities needed
across the project development cycle. As such, it provides a
useful blueprint that other countries can adapt and tailor to

their specific institutional and regulatory contexts.

within the reform agenda and serves as a
foundational enabler for other proposed
solutions. Strengthening power system
governance depends on addressing the
following two key pillars.

a) Institutional Arrangements

Designing a well-functioning
institutional framework is essential
to facilitate the utilisation of

Africa’s solar energy potential. This
requires identifying key roles and
responsibilities related to renewable
energy development and mapping
them to the appropriate institutions
based on their mandates. Such
clarity helps avoid overlapping roles,
streamline coordination among
stakeholders, and strengthen
accountability mechanisms.
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Box 1: Egypt’s integrated institutional governance for renewable energy

Egypt has established an integrated governance structure to support renewable energy
development. This framework defines key responsibilities and distributes them across
institutions in accordance with newly introduced legislation and existing laws.

Key institutions and roles
1. Ministry of Electricity and Renewable Energy

Drives overall sector coordination, target setting, and strategic oversight.
2. New and Renewable Energy Authority

Conducts technical resource assessments and allocates the required land for project
development.

3. Egypt ERA
Approves project tariffs, establishes connection fees, and issues operational licences.
4. Egyptian Electricity Transmission Company

Acts as the primary market counterparty by signing Power Purchase Agreements (PPAs)
with developers.

5. Ministries of Finance and Investment

Provides essential sovereign guarantees and streamlines the investment approval
procedures.

Clearly defined institutional roles and strong coordination between renewable energy
authorities across the project lifecycle are critical to attracting investment and accelerating
the development of utility-scale solar projects.

b) Regulatory reforms where a single public utility is responsible for generation,
transmission, and distribution, an arrangement often prone
Several regulatory reforms are

. to inefficiencies.
well positioned to advance solar

deployment across Africa, depending Introducing private sector participation, typically through

on the maturity of the regulatory public—private partnerships (PPPs), allows private actors

framework. Broadly, these reforms to participate in various segments of the power system. In

can be categorised into two main some cases, legal amendments may also be required to

areas: formally enable private sector participation in power system
operations.

I. Market unbundling
. . S Private sector involvement, driven by performance incentives
Enabling private sector participation ) ) o o
and profit motives, often brings improved efficiency,

presents an opportunity to improve ) ) )
compliance, and technical expertise. However, the success
of such participation depends on establishing transparent
procurement procedures and well-designed contractual

frameworks.

power system operational efficiency
and reduce the cost of service.
Many African countries still rely on
vertically integrated market models,
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Box 2: Market unbundling and private participation in Uganda

Strategy

Enabling private sector participation via concession agreements.

Implementation

I_)@ Uganda’s Electricity Act of 1999 introduced a comprehensive power sector reform
S~ programme that unbundled the state-owned Uganda Electricity Board into distinct
@ generation, transmission, and distribution entities to improve sector efficiency. As part of

this effort, a 20-year concession agreement was awarded to Umeme Ltd. to operate the
distribution network under a performance-based regime with strong incentive mechanisms.

Result

By embedding strict, performance-based incentives linking the financial returns
to operational efficiency, the intervention successfully reduced distribution losses
from ~40% in 2005 to 16.5% in 2023-24.

J

. Decentralised Private

Procurement Models

Beyond structural unbundling, private
sector involvement can be mobilised
through decentralised generation
models. Key examples include the
Captive Model and Direct Supply/
Corporate PPAs.

= Captive Model: A consumer
(or consortium of consumers)
finances and owns a solar facility
to supply part or all their electricity

demand. These facilities can be grid-tied (ensuring supply
reliability) or off-grid (requiring a backup generator or
storage). For grid-tied captive systems, regulators must
define clear grid integration mechanisms, such as Net
Metering or Net Billing.

Direct Supply/Corporate PPAs: This involves a bilateral
contractual arrangement between a private solar
developer and an industrial facility, commercial entity,

or designated economic zone. The developer provides
technical expertise and upfront capital, while the off-
taker secures clean electricity, often financed entirely
through the operational savings generated against
volatile grid tariffs.

Table 14: Comparison of Corporate and Captive Solar Investment Models.

m Corporate Model Captive Model

Ownership Independent developer owns the project

Off-taker Commercial and industrial consumer
under a PPA

Delivery On-grid (open access/wheeling) or off-

Arrangement grid/private network

Typical Industrial parks, SEZs, mines, and large

Applications

Main Advantage

Key
Requirements

commercial consumers

Reduces dependence on utility off-taker
risk and mobilises private investment

Corporate PPAs, direct sale regulations,
grid access rules, and network charges

Source: ISA & RCREEE Analysis

Electricity consumer owns or co-owns the project

Project owner consumes the electricity

On-grid (wheeling) or on-site/off-grid

Manufacturing facilities, mines, and large
commercial establishments

Provides energy cost savings and supply security
through self-generation

Captive generation regulations, licensing
requirements, and grid-use rules where applicable
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c)

The strategic advantage of these
decentralised solutions is their
ability to bypass traditional utility
bottlenecks. They enable utility-scale
solar to directly power productive
commercial and industrial facilities,
thereby driving economic growth
independently of the national
electricity utility’s creditworthiness.

Financial reforms

Tariff reformis an indispensable
intervention for achieving a
financially sustainable power sector.
Cost-reflective tariffs enable utilities
to recover the cost of service and
prevent the accumulation of debt.
This, in turn, improves utilities’
financial position, enhances liquidity,
and strengthens creditworthiness.

Over time, various mechanisms
have been developed to enable
tariff reforms while addressing
affordability concerns. Given that
electricity tariffs are closely linked
to access and affordability, and
therefore politically sensitive,
mechanisms such as lifeline tariffs,

targeted subsidies, and cross-subsidisation can improve
public spending efficiency while continuing to protect low-
income households from higher tariffs.

5.4.2 Financial architecture

Innovative financing practices have played a key role in
addressing persistent financial barriers in emerging markets.
Widely implemented globally, including across Africa, these
practices can broadly be categorised into the following areas:

a) Crowd-in capital

Arange of financial solutions under this category supports
project development through various mechanisms. These
instruments can either directly secure funding for projects
or facilitate investment mobilisation at the country level.
Specifically, they can:

= Directly secure funding through blended finance,
concessional financing, government asset recycling, and
carbon markets.

= Free up public budgets for infrastructure investments through
mechanisms such as climate-debt swaps.

Mobilise capital (at lower cost possibly) through green bonds.

As demand for energy infrastructure continues to grow amid
significant financial constraints, several African countries
have pioneered innovative financing mechanisms to mobilise
investment and attract private capital. Box (3) highlights
several successful case studies that demonstrate the
practical application and impact of these approaches.

Box3: Innovative financing mechanisms supporting climate resilience in Africa

wind energy projects.

Executed continent’s first Independent Power Transmission initiative via a consortium
(Africa50 and India Power Grid Corp). This proves PPPs can successfully resolve critical
infrastructure bottlenecks beyond generation.

Leased the fully developed Senegambia Bridge to Africa50 for ~USD 100 million over a 25-
year period. This allowed the government to monetise a mature asset and reinvest proceeds
into new infrastructure without acquiring additional sovereign debt.

Leveraged mitigation potential via the Clean Development Mechanism and Voluntary
Carbon Market. To date, Rwanda has verified over two million carbon credits and
established a robust national framework.

Negotiated with creditors to redirect debt repayments to climate infrastructure, providing
fiscal space. A recent landmark agreement with Germany allocated EUR 50 million toward

Issued Africa’s first sovereign green bond in 2017 to connect with environmentally
focused investors. The initiative successfully raised over USD 80 million, with consistent

oversubscription demonstrating strong market demand.
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b)

Risk-mitigation solutions

These solutions address three main
types of risks:

Political risks

Political Risk Insurance (PRI)
protects project developers and
investors from risks arising from
political events, such as conflict,
expropriation, or nationalisation.
These instruments are typically
provided by multilateral institutions
such as the Multilateral Investment
Guarantee Agency of the World Bank
Group.

. Commercial

Partial Risk Guarantees (PRGs)
protect investors against the risk of
government or national utility default
in fulfilling contractual obligations.
These guarantees are commonly
provided by institutions such as the
World Bank. In addition, Letters of
Credit (LCs), issued by commercial
banks, provide payment security to
investors in case of default or liquidity
constraints.

Currency

Currency-related mechanisms
address risks associated with
exchange rate volatility and local
currency depreciation. These include:
Foreign exchange liquidity or hedging
facilities, such as The Currency
Exchange Fund, which mitigate
currency depreciation risks through
hedging mechanisms.

Local currency debt syndication,
which reduces exposure to foreign
exchange risks by financing projects
in local currency.

These risk-mitigation instruments play
a critical role in improving investor
confidence, lowering financing

costs, and enabling large-scale solar
deployment in African markets.

5.4.3 Technical levers

Technical solutions serve a dual role in promoting large-scale
utility-scale projects. On one hand, they can augment the
impact of previously proposed solutions by improving the
financial position of utilities. For instance, digital solutions

can reduce non-technical losses, thereby strengthening
utilities’ revenues and operational efficiency. On the other
hand, solutions such as energy storage systems and regional
interconnections enhance grid flexibility, enabling higher levels
of renewable energy integration.

Taken together, these solutions reinforce each other’s impact.
Digital solutions enhance grid visibility and controllability,
supporting greater renewable integration, while increased
renewable utilisation, enabled by storage and interconnection,
can reduce generation costs and improve utilities’ financial
positions.

5.4.3.1 Regional power grid interconnection
across Africa

Under the paradigm of power systems with a high share of
Variable Renewable Energy (VRE) sources, continental power
interconnection is gaining momentum as a viable pathway to
resilient, secure, and clean electricity supplies. Continental
power interconnection refers to integrating electricity grids
over large geographical areas, either as intracontinental
or intercontinental, thereby facilitating the sharing of

vast grid resources. As a result, grid operators can access a
broader pool of ancillary services, strengthening the ability to
respond to unforeseen events. In the same context, continental
interconnection also enhances VRE integration. By connecting
multiple countries with diverse generation mixes, demand
patterns, and climatic conditions, interconnected grids enable
electricity trade across regions. This smooths variability

in renewable energy generation across the wider system,
facilitating the balancing of supply and demand and resulting in
enhanced system flexibility.

The strategic imperative for interconnection across the African
continent serves as the fundamental engine for large-scale
solarisation, transforming the inherent variability of renewable
energy into a stable, continental asset. For instance, the
larger geographic balancing area allows utilising the flexible
hydropower of the Nile or Congo basins to balance the hourly
fluctuations of solar generation in the Sahara or the Kalahari.
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Regional interconnections across the continent

The West African Power Pool (WAPP): Benin, Cote
d’lvoire, Burkina Faso, Ghana, Gambia, Guinea,
Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal,

Sierra Leone, Togo

Southern African Power Pool (SAPP): Angola,
Botswana, Democratic Republic of the Congo,
Eswatini, Lesotho, Mozambique, Malawi, Namibia,
South Africa, Tanzania, Zambia, and Zimbabwe

Central Africa Power Pool (CAPP): Angola,
Burundi, Cameroon, Republic of the Congo, Central
African Republic, Chad, Democratic Republic of the
Congo, Gabon, Equatorial Guinea, and Sao Tomé
and Principe

Eastern Africa Power Pool (EAPP): Burundi,
Djibouti, Democratic Republic of Congo (DRC),
Rwanda, Egypt, Ethiopia, Kenya, Sudan, Tanzania,
Uganda, and Libya.

North African Power Pool (COMELEC): Algeria, Libya, Mauritania, Morocco, and Tunisia.

Regional grid integration across

Africa relies on five key power pools
that each offer distinct resource
complementarities.

In the Southern
African Power Pool demonstrates
the dynamic benefits of competitive
day-ahead electricity trading by
linking thermal and coal capacity

in South Africa with major
hydroelectric resources such as
Mozambique’s Cahora Bassa and
Zambia’s Kariba Dam.

The Power Pool
holds immense potential to balance
variable renewable generation by
pairing Ethiopia’s massive hydro
capacity, centered around the

Grand Ethiopian Renaissance Dam,
with Kenya’s baseload geothermal
energy via the 500 kV Ethiopia—
Kenya high-voltage direct current
interconnector, while simultaneously
linking to Southern Africa through the
Tanzania—Zambia interconnector.

In the West African
Power Pool utilises the 225 kV Cbte
d’lvoire-Liberia-Sierra Leone-Guinea
transmission backbone to transport
abundant coastal hydro resources

to landlocked Sahelian nations that
otherwise depend on costly thermal
generation.

= The Power Pool holds over half of the
continent’s hydroelectric potential, anchored by the
Democratic Republic of Congo’s Inga Dam complex, though
it remains the least interconnected pool and represents a

massive opportunity for future cross-border export corridors.

Comité Maghrébin de UElectricité exhibits
the highest electrification rates on the continent, relying on
cross-border gas-to-power infrastructure and synchronised
connections with Europe, such as the Morocco-Spain subsea
cable, while actively developing regional solar export capacity.

Continental power interconnection aligns with the

initiative. Based on the 2019
Agreement establishing the African Continental Free Trade
Area (AfCFTA), the initiative seeks to harmonise regulatory
frameworks and physical infrastructure to ensure energy
security. By 2030, this integrated transition would provide the
reliable electricity African nations need to participate effectively
in global green value chains and protect domestic economies
from price spikes.

Work is underway to realise the One Grid for Africa initiative,
known as the Africa Single Electricity Market (AfSEM). The AfSEM
Policy Paper outlines an actionable governance framework and
a phased implementation roadmap, defining the institutional
structure and key operational principles of the market.

On the infrastructure side, progress is being made to interconnect
regional power pools, notably linking the Eastern Africa Power
Pool (EAPP) with the Southern African Power Pool (SAPP).
Completion is expected by 2027, following the finalisation of the
613 km Zambia-Tanzania interconnection segment, building on
the earlier completion of the 508 km section.
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A definitive case study for this continental vision is the

This link serves

as the strategic bridge between the Eastern Africa Power Pool (EAPP) and the Southern African Power Pool
(SAPP), creating a continuous energy highway. With this connection, which becomes technically viable upon
the completion of the Zambia-Kenya interconnection, a country with significant hydro assets can import solar
power from a neighbouring country during peak sunlight hours and export stored hydropower at night, effectively

extending the ‘solar day’into 15 hours.

Moreover, Africa has the potential

to interconnect with neighbouring
continents, for instance by developing
subsea interconnectors to link the
Maghreb with Europe and integrate
African solar abundance into the
Mediterranean and European markets.
These cross-border links are essential for
creating the technical ‘inertia’ required to
support high penetrations of renewable
energy without compromising grid
frequency or stability.

On this note, Egypt emerges as a tri-
continental energy bridge, leveraging its
strategic geography at the crossroads of
Africa, Europe, and Asia. This readiness
is underpinned by a robust extra-high
voltage (EHV) transmission backbone
that has been systematically modernised
to ensure grid stability and high-capacity
throughput. Building upon long-
standing successful interconnections
with neighbouring countries in the
Mashreq and Nile Basin, the national
grid demonstrates the technical maturity
required to anchor a synchronised
African transmission network.

Challenges facing
interconnection projects

Despite significant resource potential,
African grid interconnection is severely
constrained by physical, financial,
regulatory, and political barriers. A
primary physical bottleneck is the lack of
robust national backbone infrastructure
and high grid losses, which directly
reflect Africa’s low global Electricity
Supply Security score. This infrastructure
gap contributes to frequent outages and
unreliable service across the continent.
Financialilliquidity presents another
critical hurdle, as deep utility debt
burdens, commercial payment default

risks between state-owned power companies, and non-cost-
reflective tariffs limit utility liquidity.

Furthermore, regulatory fragmentation across regional economic
communities creates operational friction, such as mismatched
national market rules, unharmonised wheeling tariffs, and
delayed adoption of unified regional grid codes, which prevent
seamless transmission synchronisation across borders.

These issues are further compounded by geopolitical volatility
and localised security threats, which routinely delay cross-
border interconnector construction and introduce continuous
operational risk to multi-country energy trade agreements.

Recommendations for facilitating the interconnection projects

= African nations need targeted structural reforms to overcome
these hurdles and align with global best practice, and ISA is
well placed to lead that work. Through its flagship One Sun,
One World, One Grid (OSOWOG) initiative, it is building the
pieces intra- and intercontinental grid integration needs:
governance and operational frameworks, integrated power
system planning, enabling technologies, and the knowledge-
sharing and consensus-building that hold the rest together.
With more than 125 member countries across multiple
continents and deep technical expertise, ISA already
offers a coordination platform other stakeholders would
otherwise have to build from nothing and stands ready to
work with bodies such as the EU and AU on the preparatory
groundwork transcontinental interconnection requires.

= Regional planning authorities must prioritise high-voltage
transmission lines and utility-scale battery storage together:
grid stability at higher renewable shares depends on both
moving in step, not one racing ahead of the other.

= Regional economic authorities must move quickly to
harmonise market mechanisms: standardised wheeling
tariffs, binding dispute resolution, and grid codes that are
actually enforced rather than merely agreed on paper.

= Development institutions and governments should deploy
blended finance, political risk insurance, and targeted
liquidity facilities, of the kind the African Development Bank
and World Bank already offer through Mission 300, to de-risk
cross-border projects and backstop offtaker default.

= Finally, utilities need to modernise digitally: smart meters,
automated distribution management, and centralised
regional control centres capable of routing power across
borders and keeping pace with rising demand.
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Figure 5.6: Continental Power Interconnection — Pathway to Shared Prosperity
Source: ISA & RCREEE Analysis

5 4.4 Enablers interplay creditworthiness. A well-functioning institutional environment

speeds up project development and makes the investment 111
The previous sections set out

benchmarking insights and actionable
recommendations for scaling large-
scale solar in Africa, each considered
on its own. This section brings them
together and shows how the package
compounds: each intervention

climate more attractive. And innovative, sustainable financial
instruments open access to cheaper financing while shielding
investors from a range of risks.

Together, these three, stronger creditworthiness, faster
development, cheaper financing, pull down the cost of capital,
and with it the cost of service.

reinforces the others. Once capital is mobilised and technical capacity built, grid

Gradual tariff reform, paired with greater modernisation and flexibility solutions such as storage and

private sector participation, strengthens
power sector finances and utility

interconnection become realistic investments. These technical
upgrades improve system operations and expand grid capacity,
clearing the way for more renewable energy on the system.
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Figure 5.7: Policy and financial enablers for large-scale renewable energy projects in Africa
Source: ISA & RCREEE Analysis

The box below shows this in practice. These real-world examples confirm that the reform package outlined
here is not a theoretical construct: it has already been applied, and it has worked.
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Box 4: Benban Solar Park, Egypt

The Benban Solar Park, located in Aswan-Egypt, is one of the world’s largest solar complexes and a
cornerstone of Egypt’s Sustainable Energy Strategy. Wide-ranging regulatory reform and a robust risk-
mitigation framework made it possible.

) Project Overview

1

| = 1.65 GW operational capacity across 37.2 km2 (1.8 GW total potential).
|

=

& = Cutcritical historical dependence on fossil fuels (>90% of mix).
= USD 2.5 billion investment central to achieving Egypt’s renewable energy targets.

Enablers

= Energy (electricity and fuel) subsidy reforms.

= Structured Public Private Partnership (PPP) models.

= Foreign exchange risk mitigated by indexing tariffs 70% to the USD.
= USD 210 million PRI.

= Bankable 25-year PPAs with state-owned EET as sole off-taker.

Stakeholders

=  Government of Egypt: Policy framework, infrastructure, and final off-taker.

= EBRD and IFC: Spearheaded debt financing (USD 1.13 billion and USD 653 million,
respectively).

= MIGA: Provided USD 210 million in political risk insurance to protect private lenders.

Impacts
=  Generates ~4 TWh of clean electricity annually to power >1 million homes

O2@
D<@

= Prevents 2 million tonnes of greenhouse gas emissions each year
= Created 10,000 construction jobs and established a local solar training hub
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5.5 Way forward

Drawing on the enablers and case

studies set out in this chapter,

this section proposes a National
Solarisation Roadmap to guide
policymakers in accelerating utility-
scale solar deployment. Itis built to

Head of State /
(oF: 111, 1514

Ministries
Energy - Finance
- Lands - Environ
- Trade

Energy Regulator

National Utility/
Solar Parks
Authority

Developers &
EPC Contractors

Financier /
DFI /ISA

IMMEDIATE — Establish
foundations
Priority actions to unlock deployment

Declare utility-scale solar a
national infrastructure priority

Mandate solar parks,
transmission corridors & Task
Force

Integrated Resource Plan:
capacity & transmission targets

MEDIUM TERM — Build

systems & scale
Deepen coordination across actors

Notify first solar park; gazette
transmission plan

Budget includes MW, jobs,
fuel-import savings

Bankable pipeline: MW, PPA
bands, COD

adapt: countries starting from an initial regulatory baseline and
countries optimising an already mature market can both use it.

Crucially, it is not a linear, one-off exercise. As Figure 5.8
illustrates, it functions as a continuous, iterative lifecycle. The
outputs of each phase directly inform the next, culminating in
a feedback loop that ensures policies adapt to shifting market
realities, grid capabilities, and technological advancements.

LONG TERM — Sustain &
optimise
Embed enabling environment at scale

Task Force becomes
permanent Solar Parks
Authority

A standing GDP, NDC & SDG
measurable

Pipeline anchors green bonds
+ private capital

Land & fiscal framework; single-
window + reverse auction

Draft licensing (merchant +
PPA routes)

Tariff, grid-connection & storage
co-location rules; sandbox

Mandate utility to integrate
solarin system plan

Establish Solar Parks
Authority (PMU); 3-track
procurement

Resource assessment & site
due diligence

First auctions executed;
transparent price discovery

Gazette RE Desk; approve
first auction tariffs

Auction platform national
procurement standard

Bulk portfolio licensing via
portal

Enforce must-run; accredit
IVAs

Energise transmission ahead
of first park

RTC RE auction; storage
co-location mandated

Win first auction; sign PPA;
financial close

Embed bifacial, trackers,
storage-readiness; local
supply

Activate sovereign-DFI
partnership framework

Design blended-finance
instruments; hedging
partnership

Figure 5.8: Roadmap for Promoting Utility-scale Solar Projects

Predictive O&M live; local
assembly 40%+

First milestone-based DFI
disbursement

Payment-security mechanism
live; green bond issued

Source : ISA & RCREEE Analysis

Tariffs converge to globally

competitive levels 113

Utility—-developer co-
management; flexibility at scale

Authority autonomous; cross-
border auctions

Expand portfolio; investment-
grade rating

Al-driven O&M; export-ready
manufacturing

DFl exits as pension/capital
markets take over

Securitise assets; Article 6
credits flow
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Short-term action plan (months
0-24): laying the strategic
foundation

The initial two-year window
establishes the empirical and
strategic building blocks necessary to
sustain large-scale deployment.

Phase 1: Planning, assessment,
and geospatial zoning The roadmap
begins with a rigorous technical and
economic diagnosis of the market.
This phase evaluates the nation’s
natural solar potential through
detailed resource mapping and
geospatial zoning. Simultaneously,
system operators must conduct grid
integration studies to identify existing
network constraints and quantify

the infrastructural reinforcements
required to accommodate variable
renewable energy (VRE) while
maintaining grid stability.

These empirical assessments yield
multiple deployment scenarios,
varying by scale, investment pathway,
and grid readiness. By evaluating
these scenarios, governments can
pinpoint the most viable national
approach, forecast the required
capital expenditures, and map the
associated financing gaps.

= Lead Institutions: Ministry of
Energy, National Power Company,
and Transmission System
Operator (TSO).

Phase 2: Policymaking and
institutional mandates Grounded
in the evidence generated during
Phase 1, Phase 2 represents the
executive decision-making stage.
The highest levels of government
(e.g., Head of State, Cabinet, or
designated Ministry) formally adopt
legally binding renewable energy
targets and establish specific
performance indicators.

Equally important, this phase
dictates institutional accountability.

It designates a lead implementing agency and legally
mandates the coordination mechanisms required to
align overlapping governmental stakeholders, preventing
administrative bottlenecks.

= Lead Institutions: The Cabinet and the Ministry of Energy.

. Medium-term action plan (years 2-5): architecting the

enabling framework

The medium-term horizon, typically a two-to-three-year
undertaking, serves as the executive pillar of the roadmap.
This phase translates high-level strategic objectives into
actionable, bankable market mechanisms.

Phase 3: Operationalising the market framework This
phase requires establishing consensus across stakeholders
to implement four foundational steps:

= Step 1: Institutional governance: Defines the specific
functions required to operationalise deployment,
permanently assigning mandates for sector regulation,
system operation, competitive procurement, and
investment facilitation. Clear allocation of these
responsibilities ensures accountability across the
project lifecycle.

¢ Lead Institution: Ministry of Energy

= Step 2: Regulatory and investment design:
Establishes the legal bedrock required to attract private
capital. This step removes market barriers and explicitly
defines the permitted investment pathways, such as:

= The Utility-Offtaker Model (Single Buyer)
= The Corporate Direct PPA Model

=  The Captive Generation Model

For each pathway, regulators must publish clear licensing
procedures, standardised tariff arrangements, local content
requirements, and specific on-grid/off-grid participation rules.

¢ Lead Institutions: Ministry of Energy and the National
Energy Regulator

= Step 3: Operational and technical rules: Deploys
the technical mechanisms required to enforce the
regulatory framework. This includes drafting modern
grid codes, standardising interconnection protocols,
and defining operational rules for dispatch, balancing,
and curtailment. Furthermore, this step establishes the
procedures for issuing Renewable Energy Certificates
(RECs) and sets accreditation standards for EPC
contractors and service providers.

¢ Lead institutions: National Energy Regulator and
Grid Utilities (TSO and Distribution System Operators -
DSO).
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Step 4: Financial and
bankability mechanisms:

Integrates the de-risking
instruments vital for large-
scale capital mobilisation. To
reduce the weighted average
cost of capital (WACC) and
mitigate sovereign or off-taker
risks, this framework must
structure accessible financing
mechanisms. These may
include concessional credit

facilities, sovereign or partial risk

guarantees, blended finance
structures, and targeted fiscal
incentives.

+ Lead Institutions:
Ministries of Energy, Finance,
International Cooperation,
and Environment; the Central
Bank; and Development
Finance Institutions (DFIs).

Ill. Long-term action plan (year 5 & beyond): scaling and

adaptation

Phase 4: Monitoring, evaluation, and iterative market
adaptation Consistent with agile policymaking, Phase

4 provides the structural oversight required to track
deployment progress against established targets. This
continuous phase tracks implementation efficiency,
monitors grid performance, and evaluates the true cost-
impact of the capital.

The findings generated through this reporting process
support evidence-based decision-making and ensure
market transparency. Most importantly, it creates a
structural feedback loop. Based on Phase 4 data,
policymakers will periodically cycle back to the earlier
phases, reassessing grid capacity, updating national targets,
or amending regulatory instruments, to continuously refine
the investment environment.

+ Lead Institution: Ministry of Energy.
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Digitalisation of utilities and solar planning tools in Africa

Digitalisation of
utilities and solar
planning tools in
Africa

6.1 Why digitisation matters for Africa?

In much of Sub-Saharan Africa, the electricity system fails in ways a
household can feel. A metre goes unread for months, and the bill arrives
‘estimated’. A transformer trips because no one can see where the load
has moved, one more symptom of a sector-wide reliability problem. A
solar developer waits two years for a grid-connection study, because the
utility has no streamlined process for handling one. Behind each of these
sits the same problem: not a shortage of sun or of affordable panels,

but power institutions that cannot see, bill, plan or pay reliably. Africa
holds among the world’s strongest solar resources and cheapest solar
technology, yet installed solar capacity in Sub-Saharan Africa still sits

at ~1% of the global total, and around 600 million people remain without
electricity.
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The binding constraint on solar
expansion is no longer the cost of panels
or the quality of the resource, both have
moved decisively in Africa’s favour, but
the financial and operational condition
of the utilities that buy, connect, and
deliver solar power. More than two-thirds
of vertically integrated and distribution
utilities in Sub-Saharan Africa cannot
cover their operating and debt-service
costs from revenue. Critically, the
problem is not primarily electricity tariffs
(Sub-Saharan tariffs are already higher
than in many non-OECD and even

some OECD countries) but revenue leakage and operational
inefficiency: high transmission and distribution losses and lower
bill collection. As a result, they cannot become the creditworthy
offtakers and predictable counterparties that solar investment
requires. These are precisely the failures digital systems exist

to fix: digitalisation is what converts abundant solar potential
into bankable, scalable deployment. It must, however, be
understood as an enabler and not a solution in itself: no metre,
platform or dataset has ever electrified a household. What
digital systems do is complete broken chains: metering, billing
and collection turn electricity supplied into revenue collected,
revenue into creditworthiness, and creditworthiness into the
bankable offtake every solar market in this report depends on.

How can digital transformation of African utilities and solar planning systems enable financially sustainable, bankable, and

scalable solar deployment across the African continent?

Utility
Modernization and
Institutional Reform

Structural Barriers
to Solar Scale

Market Foundations
for Bankable Solar
Expansion

Digital Reform
Roadmap

Operational and
Digital Instruments

Why Is digitalizaticn
eritieal for bankable and
scalable solar markets?

Figure 6.1: Digitalisation as a Strategic Pillar for Solar Deployment

Advanced Metering Infrastructure (AMI),
Distribution Management Systems
(DMS), Outage Management Systems
(OMS), SCADA and other advanced
applications, Enterprise Resource
Planning (ERP), and Commercial
Management Systems (CMS) are the
baseline toolkit every utility now needs
to run its business. Their value, though,
lies not in the systems themselves but
in what they restore: revenue collected,
losses located, outages managed,

load made visible, the operating record
that makes a utility financeable and its
grid able to host more solar at lower
reserve cost. Planning digitalisation
(geospatial demand mapping, digital
asset registries, hosting-capacity
analysis, and least-cost expansion
modelling) improves the quality of
investment decisions. That gap, between

Source: ISA & RCREEE Analysis

the data-rich, transparent systems solar needs and the low-
information systems many utilities still run, is what this chapter
calls the digital gap. Where it persists, poor data limits planning,
weak visibility raises uncertainty, opaque procurement inflates
perceived risk, and weak revenue systems erode off-taker
credibility. Investors then price every one of those risks into the
cost of capital.

This framing also dictates how success must be measured.

A digitalisation programme judged by meters installed or
platforms launched can ‘succeed’ while the energy system
keeps failing; one judged by collection rates, losses avoided,
hosting capacity gained, and financing costs reduced cannot.
Digitalisation alone is not sufficient: deployed without tariff
reform, utility governance and investment mobilisation, it
produces dashboards over a failing system. Combined with
them, itis the multiplier that turns each reform into revenue, and
revenue into deployed solar.

This is why digitalisation is strategic rather than merely
technical. Roughly eight in ten people still without power live
in remote, fragile, or conflict-affected areas, where distributed
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renewables (mini-grids and standalone
solar) are the cheapest way to

reach them. Managing that scale of
deployment transparently and bankably
is only possible on a digital backbone.

The chapter therefore reads every digital
tool that follows through the outcome

it enables: utility financial recovery in
this chapter, utility-scale bankability in
Chapter 5, last-mile systems in Chapter
2, and the productive-use and mobility
loads of Chapters 3 and 4.

6.2 Barriers: what
holds solar
back

The barriers to scaling solar in Africa are
institutional and informational, and they
reinforce one another.

Weak Poor
collections

billing

Reduced
maintenance

6.2.1 Utility insolvency and revenue
leakage

T&D losses exceed 30% in some utilities, against about 11% in
South Africa and close to 2% in the world’s best systems. One-
third of utilities collect less than 90% of what they bill, and some
collect below 50%. On the ground this shows up as estimated
‘guess’ bills, bypassed or tampered metre, and connections
that are never billed at all. Unpaid arrears build up until the
utility cannot pay its own generators, which is why several
African single buyers have fallen behind on their obligations to
independent power producers. Nigeria illustrates the scale: of
about 13.3 million registered electricity customers, only some
6.1 million are metred, leaving over 7 million on estimated bills.

The dynamic is self-reinforcing. Weak billing starves
maintenance, service quality falls, willingness to pay drops, and
revenue erodes further. What makes the story recoverable is that
fixing it is entirely within reach. From an investor’s standpoint,
however, the equation is stark: a financially weak utility is an un-
bankable off-taker, and lenders price its payment risk into every
power purchase agreement they sign against it.

Further
revenue
decline

Declining
service
quality

Figure 6.2: The utility revenue-deterioration cycle that digitalisation is designed to break

6.2.2 Blind networks
and low
operational
visibility

High losses are an information problem

before they become an engineering one.

Incomplete asset registers, weak feeder-

level monitoring, and no real-time view

of power flows mean utilities cannot
locate where losses occur, assess
feeder and substation hosting capacity,
or manage the variability that solar
introduces. In practice, a developer
waits many months for a connection
study the utility does not have the data
to complete, and feeders trip because
no one can see where load sits.

Operating blind, utilities interconnect

conservatively, delay approvals,

Source: ISA & RCREEE Analysis

underuse existing capacity and curtail generation, lowering the
system value of solar and raising the returns investors demand.

6.2.3 Procurement

Utility-scale solar often stalls not on resource but on
procurement. The usual failure modes are familiar: repetitive
information requests, inconsistent documents, unclear
evaluation criteria, and long silences between submission and
award. Developers routinely describe evaluation criteria that
shift between rounds and awards that arrive years late. These
conditions push transaction costs up and increase the perceived
risk of discretionary decisions or renegotiation. Serious bidders
respond in one of two ways: they withdraw, or they embed a risk
premium in their price. Either way, solar gets scarcer and more
expensive than it needs to be.

6.2.4 Fragmented planning data

Solar investment is data-intensive: it needs high-resolution
resource data, grid topology and hosting capacity, time-series
demand, land-use constraints, and reliability metrics. In
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many jurisdictions those datasets are
incomplete, siloed across institutions,
or simply not public. Two developers
survey the same village independently.
Ministries plan grid expansion from maps
that duplicate each other. Developers
redo feasibility studies because there
is no trusted baseline. Utilities miss
network constraints and hit them at
connection stage, producing avoidable
curtailment. Planners without credible
forecasts overstate reserve margins
and hold solar penetration below its
economic optimum.

6.3 Mission 300: putting the
enablers to work

6.3.1 What is being done?

Mission 300’s Pillar 1 rests on least-cost, integrated resource
planning, itself a digital exercise. Pillar 3 places distributed
renewables at the last mile: about half of Mission 300’s
connections are expected to come from mini-grids and
standalone solar, each an inherently digital asset. Pillar 4 aims
to crowd in private capital through transparent pipelines and
credible guarantees, and digital procurement is what makes
both credible. And Pillar 5 (financially viable utilities) names
metering, revenue assurance and loss reduction explicitly.

The enablers suggested above are not abstract good practice:
they are the operational content of the compacts.

Table 15 : Mission 300 Digital Enablers and Their Contribution to Energy Access Delivery Pillars

Digital enabler Mission 300 pillar How it is being delivered

Smart metering and
revenue assurance

Forecasting, SCADA and
grid visibility

Geospatial planning and
least-cost electrification

Transparent digital

procurement participation

Digital public infrastructure

and open data 1,4 and5)

Pillar 5: financially
viable utilities

Pillar 1: competitive
generation, T&D (with
Pillar 2 trade)

Pillar 3: last-mile DRE
and clean cooking

Cross-cutting (Pillars

Compact commitments on cost-reflective tariffs, loss
reduction and mass metering; utility turnaround de-risked by
IFC finance and MIGA guarantees.

Least cost and integrated resource planning and grid
rehabilitation written into each compact; regional power
pools (WAPP, EAPP, SAPP) to share surplus solar.

About half of the 300 million connections targeted via mini-
grids and standalone solar; geospatial targeting plus the
Zafiri equity vehicle to crowd in developers.

Pillar 4: private-sector  Transparent project pipelines, guarantees and FX-risk

tools; a ‘one World Bank Group’ model aligning Bank policy
lending, IFC finance and MIGA insurance.

Shared data, payment rails and standardised monitoring;
twice-yearly CDMU progress reports and the Global/Africa
Solar Facility as the financing-and-data layer.

Source: National Energy Compacts submitted by African countries

Guinea commits to reducing
commercial and technical losses
from 30% to 8% by 2030; Ethiopia
sets the most granular loss-reduction
programme on the continent:
distribution 22%->13%, transmission
6%->5.5%, commercial 10%~>4.5%;
Nigeria must close a 7.32-million-metre
gap, and its SCADA and NESIP actions
are flagged as delayed in the Q1 2026
CPR. Comoros pairs smart metres,
mobile-banking payment rails and a

utility ERP with its access targets; Mozambique’s National
Control Centre with regional dispatch is due in 2028; Namibia
commits to robust planning data systems, and the DRC builds
the continent’s largest access programme on geospatial
least-cost electrification. Digital reform is thus no longer a
recommendation to governments: it is a set of signed, dated,
monitored national obligations.

6.3.2 What needs to be done?

The same compact lens yields a digitalisation gap analysis: what
governments have signed, where their systems stand, and what
the phased roadmap below must close.
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The quantification is stark. Losses of
6.2-38% and collection rates from
36% to 100% describe utilities that
lose money on much of what they sell;
closing losses toward South Africa’s
~12% and eliminating collection

leakage would lift utility revenue by up to

Table 16 Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy Where the continent stands | Gap to close Closing enabler
Compact commitments

Pillar 5 loss and metering
targets (Guinea 30%->8%;
Ethiopia distribution
22%->13%; Nigeria’s 7.32
m-metre gap)

Pillar 1: least-cost,
integrated resource
planning in every compact

Pillar 4: transparent,
digitally procured pipelines

Pillar 5 revenue:assurance
commitments across all 35
compacts

CDMU standardised
biannual data reporting

T&D losses of 6.2-38%;
collection rates from 36% to
100%; Nigeria’s SCADA and
NESIP actions delayed at
Q12026

Geospatial least-cost
platforms operational in few
markets (DRC the leading user)

E-procurement still rare;
procurement opacity prices
into capital costs

Closing losses toward ~12%
and eliminating collection
leakage would lift revenue up
to 181% - turning 9 of 15 loss-
making utilities profitable

Fragmented planning data:
paper-based procurement
persists

Source: National Energy Compacts submitted by African countries

6.4 Priority

Digital delivery
capacity - metering
rollout, revenue
assurance, SCADA
execution

The data-
foundations layer of
the roadmap below

The digital-
procurement enabler
above, executed on
compact deadlines

Metering, billing and
collection systems
unfunded in many
utilities

The data-
foundations layer of
the digital stack is
missing

181%, turning 9 of 15 loss-making vertically integrated utilities
profitable. The compacts have converted this into dated national
targets (Guinea’s 30%->8%, Ethiopia’s 22%->13%, Nigeria’s
7.32-million-metre programme), but the Q1-2026 CPR already
flags Nigeria’s SCADA and NESIP actions as delayed. Digital
ambition is signed; digital delivery capacity is the gap.

‘Smart metering and
revenue assurance’ (Enabler
1) + ‘Forecasting, SCADA
and grid visibility’ (Enabler
2); STAR-C digital-skills
tracks

‘Geospatial planning and
least-cost electrification’
(Enabler 3); DRC precedent

‘Transparent digital
procurement’ (Enabler 4);
e-procurement lowers the
cost of capital

‘Smart metering and
revenue assurance’ (Enabler
1): prepaid/AMI rollouts
(Cape Town-Kampala
evidence); IFC/MIGA-
backed utility turnaround

‘Digital public infrastructure
and open data’ (Enabler

5) + the four-layer phased
roadmap below

foundations are laid first, and stall when advanced systems get

bolted onto weak commercial and data fundamentals.

enablers to

accelerate

6.4.1 AMI and revenue assurance:

deployment

Each barrier has a corresponding digital
lever. Together they describe how a
power system moves from fragile and
unbankable to investable. African
utilities and programmes are already
showing, in numbers, what each lever
delivers. Order matters as much as

the tools. Gains compound when the

building bankable offtakers

The most direct lever addresses the most binding constraint.

A utility’s creditworthiness, and with it the price at which it

can sign solar power purchase agreements, depends on one
thing: how much of the electricity it delivers gets converted into
revenue. Digital commercial systems close that gap. Smart and
prepaid metering, automated billing, and integrated payments
narrow the space between energy supplied and revenue
collected, while feeder monitoring and loss analytics locate the
technical and commercial losses that can then be corrected
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rather than absorbed. Metering data
create this value only when linked into
billing, customer management, outage
response and revenue protection:

an enabling layer within the wider
utility system, not a stand-alone fix.

A pilot of 4,000 customers in Cape
Town found that switching to prepaid
metering increased utility revenue even
as consumption fell 14%. Throughout
this chapter, ‘smart metering’ is used
in the sense adopted by Mission 300
and national compact documents; in
technical standards the equivalent term
is Advanced Metering Infrastructure
(AMI), comprising the metres,
communications network and head-
end data systems that together enable

Stronger governance
makes it easier to improve
performance overall

™

Better communication with
stakeholders makes it easier
to explain need for taritf
increases and/or external
funding

Indicator categories

remote reading, prepayment, loss localisation and revenue
assurance.

The gains are already being banked, and the pattern holds
everywhere: results follow when reform starts with the
commercial fundamentals (accurate customer records, high-
loss feeders and large accounts) rather than with technology
for its own sake. Uganda’s Umeme reported a 99.0% collection
rate in 2023, with energy losses down to 16.2%, on the back

of commercial-cycle automation and prepayment. Kenya
Power cut system losses from 23.16% to 21.21% in FY2025

(a seven-year low), driven by a smart-metre rollout targeted at
large consumers and improved energy accounting. Tanzania’s
TANESCO expanded prepayment metering to lift collection and
clear arrears. Ghana’s ECG paired advanced metering with a
commercial management system. The contrast with Nigeria’s
stalled rollout is itself the learning: metre pay off only when the
programme is sustained and wired into billing, payment and
enforcement, rather than installed and forgotten.

Indicator categories
* Cost racovery

« Liguidity

* Profitability

* Capital Structure

/ Better financial performance

allows utilities to make
z ./‘. ] II necessary investments and
Financial maintain the assets

performance

+ Performance Transparency Operational Indicator categories
management & reporting & accountability performance « Reliabllity

* Integrity & internal « Efficiency
controls

= Capital markets discipline
* Stakeholder relations

!

Good service quality and
reliability improves willingness

@
B o pay and ability to charge

Figure 6.3: How stronger operational and commercial performance creates a virtuous cycle of utility creditworthiness

Source: ISA & RCREEE Analysis
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Metering, in other words, is the reform
that most directly turns a loss-making
utility into a creditworthy off-taker: the
single change that does most to make
solar financeable, and the reason it
now sits inside the financial-viability
commitments of every Mission 300
compact.

Uganda’s utility reform
experience

Uganda’s experience demonstrates

that utility improvement should be
approached as a sequenced reform
pathway, rather than as a series of
stand-alone digital investments. The
evidence in this chapter is strongest

for commercial reform, digital payment
systems and prepayment, which
together have supported consistently
high revenue collection. Building on

this foundation, reforms addressing
loss reduction, governance, tariffs

and operational digitalisation can be
introduced progressively. The Uganda
evidence bears this out: Umeme
reported a 99.0% collection rate in 2023
and a five-year moving average of 99.7%,
linked to multiple digital payment
channels, prepayment and an improved
payment culture.

The reform pathway needs to begin
with customer information, billing
and payment systems, as digital
technologies cannot improve utility
performance when the underlying
commercial data are incomplete,
fragmented or inaccurate. Uganda’s
strong collection performance
demonstrates that actions like
expanding payment access,
strengthening prepayment systems and
reinforcing commercial discipline can
deliver early and measurable financial
results.

Once these initial gains are secured,
utilities can direct investment towards
targeted metering, revenue protection
and feeder-level loss reduction.

Subsequently, as commercial and network data become
more reliable, they can strengthen governance, link financing
to verified performance improvements and advance broader
operational modernisation. A digital systems need to be
introduced only after the necessary customer, revenue and
data-management foundations have been established.

Lessons for African utilities

The following lessons provide guiding principles for utility reform,
while Table 17 translates them into a proposed sequence of
practical actions, objectives and expected outcomes.

1. Utilities should strengthen revenue collection before
advancing wider digitalisation, as early commercial
improvements can provide the liquidity and institutional
confidence needed to support subsequent reforms.

2. Metering should be integrated with the wider commercial
system by linking smart and prepaid metres to customer
databases, billing systems, payment platforms and revenue-
protection processes.

3. Digital investments should be prioritised where measurable
financial returns can be achieved, particularly among large
customers, high-loss feeders and areas with weak collection
performance.

4. Digital reform should be supported by clear responsibilities
and tariffs that cover the utility’s operating costs. Without
these measures, new technologies will not deliver
sustainable improvements.

5. Operational modernisation should be introduced
progressively, once reliable data, interoperable systems,
skilled personnel and clear institutional ownership are firmly
established.
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Table 17: Roadmap for Utility Commercial, Financial and Operational Reform Based on Uganda’s Experience

Reform phase | Strategic objective Priority actions Expected outcome

Establish
commercial
foundations

Establish a reliable
commercial and
customer data
foundation.

Accelerate Strengthen revenue
revenue collection and
collection improve utility

liquidity.

Scale targeted Enhance revenue

metering protection through
and revenue targeted metering
protection and consumption
monitoring.
Link Use improved data
commercial to distinguish and
data to loss address technical
reduction and commercial
losses.
Strengthen Institutionalise
governance performance
and cost improvements
recovery and support long-
term financial
sustainability.
Modernise Extend digital reform
utility from commercial
operations functions to network
management,
planning and service
delivery.

Source: ISA & RCREEE Analysis

Verifying and updating customer records
Improving billing accuracy

Clarifying accountability for commercial
performance

Strengthening customer-service and
arrears-management processes

Expanding accessible digital payment
channels

Strengthening payment reconciliation
Promoting payment discipline

and continuing the targeted use of
prepayment systems

Prioritising large customers, high-loss
feeders and areas with weak payment
performance

Integrating prepaid or advanced metre
with billing, customer and payment
platforms

Strengthening metre maintenance and
tamper detection

Establishing feeder-level energy
accounting

Identifying faulty metre, overloaded
assets and billing discrepancies
Directing investment towards the areas
with the highest losses

Introducing transparent performance
reporting

Defining management and regulatory
accountability

Linking investment and financing to
verified results

Aligning tariffs progressively with
efficient service costs

Integrating Advanced Metering
Infrastructure (AMI), Supervisory
Control and Data Acquisition (SCADA),
Geographic Information Systems and
outage-management systems

Linking digital asset registers and
forecasting tools through interoperable
platforms

Strengthening cybersecurity

Building staff capacity to operate and
maintain digital systems

More accurate billing,
improved payment
tracking and a credible
baseline for measuring
revenue leakage.

Reduced arrears, faster
cash conversion and
greater predictability of
utility revenues.

Improved revenue
assurance, better
detection of unmetered
consumption and
stronger control over non-
technical losses.

More targeted loss-
reduction measures,
improved network
efficiency and better
prioritisation of capital
expenditure.

Stronger oversight,
improved financial
planning and greater
capacity to fund
maintenance and
investment.

Improved network
visibility, faster outage
response, predictive
maintenance, better
planning and greater
readiness for renewable-
energy integration.
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The above roadmap highlights that what
matters is not only the installation of
metres but the interconnected chain

of events these metres set in motion:
consumption measured becomes
revenue collected, revenue collected
becomes creditworthiness, and
creditworthiness becomes bankable
offtake. This interconnected chain of
events runs well beyond the utility’s
own accounts. A collecting utility is the
counterparty that makes utility-scale
PPAs financeable without sovereign
guarantees. For mini-grid developers,
itis the credible partner they need for
the day when the main grid arrives at
their site. And it is the billing platform on
which the productive-use customers of
the solar for agriculture chapter (mills,
cold rooms and irrigation pumps) and

tomorrow’s charging loads get metered, tariffed and financed.
Every percentage point of collection recovery translates, at the
system level, into a risk-premium reduction shared across every
solar market in this report.

6.4.2 Forecasting, SCADA and grid
visibility: enabling higher solar
penetration

The second lever determines how much solar a system can
absorb. As solar’s share rises, operators must forecast a more
variable net load, hold voltage and frequency within limits, and
see congestion in real time: capabilities that manual systems
cannot provide. Where that visibility is missing, utilities protect
themselves by interconnecting conservatively and curtailing
output, stranding capacity and reducing investor returns. Where
it exists, the same physical network can host far more solar
without adding a single pole or wire. A large share of Africa’s
near-term solar headroom sits not in new generation butin the
digital capability to run the grid it already has.

Short-term network challenges

Long-term network challenges

= Qutages
= Reliability
= System losses

= Balancing costs
= Power quality issues
= Lack of visibility

= Changesindemand = Intermittency

= Data management
= Resilience

= Capacity constraints
= Reverse power flow

Embedded sensing,

Automated real

Enhanced design

Distributed
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Figure 6.4: Digital solutions addressing short- and long-term grid challenges as solar penetration rises
Source: ISA & RCREEE Analysis

Egypt’s 1.8 GW Benban complex runs
alongside SCADA and digital grid-
control investments that give operators

and steering investment toward the prime Northern, Eastern

and Western Cape resource zones. Kenya’s rising wind and solar
shares toward 2030 have made stronger forecasting and system
real-time command of large variable operation a precondition for maintaining grid stability.

flows. In South Africa, Eskom’s publicly Scaling solar, on the evidence, is as much a matter of the digital

available Generation Connection control of the grid as of the panels connected to it.

Capacity Assessment turns complex
network data into a standard, regularly
updated map of where transmission

What this investment produces is hosting capacity. And hosting
capacity, at system level, is market size. Every megawatt of solar
the grid can absorb without instability is a megawatt the utility
can competitively procure, which is what converts the economics

capacity exists, letting developers
identify feasible connection points early
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of the utility-scale chapter from potential
into pipeline. The same visibility
determines when grid-connected EV
charging becomes dependable, and
therefore the long-term pathway on
which the e-mobility chapter’s buses
and passenger fleets rely. Itis also what
allows regional power pools to trade
surplus solar across borders instead of
curtailing it. A grid that can see itself is
the difference between solar treated as
a complication and solar priced as the
system’s cheapest resource.

6.4.3 Geospatial
planning
and least-cost
electrification:
targeting solar
where it pays

The third lever is digital geospatial
platforms. These platforms move
planning from resource screening

to system screening: a site with
excellent irradiation may still be a

poor investment once interconnection
distance, congestion, land constraints,
and demand are considered. Integrated
tools identify the locations that
minimise total system cost and answer
the prior question of whether grid
extension, a mini-grid, or a standalone
system is the least-cost route for a given
community. That single capability is
what allows resources to be spent on
connections that last rather than on
projects that strand.

Nigeria’s USD750 million, World-Bank-
backed DARES programme shows the
approach end to end: the Odyssey
platform integrates VIDA vulnerability
maps to identify eligible areas, verify
project locations, and calibrate
subsidies, with the programme targeting
17.5 million people, already reaching
5.3 million by 2025, and leveraging over
USD1 billion of private capital. Rwanda’s
National Electrification Plan uses

geospatial algorithms to map existing coverage and least-cost
expansion pathways, and open platforms such as WRI’s Energy
Access Explorer standardise these inputs across markets from
Nigeria and Kenya to Zambia and Tanzania. At continental scale,
ESMAP estimates solar mini-grids could serve roughly 490
million people through more than 217,000 mini-grids by 2030,
with costs falling toward USD 0.20/kWh, the same last-mile
terrain from which roughly half of Mission 300’s connections are
expected to come, and where its Zafiri equity vehicle is being
deployed to crowd in developers.

The private market has already shown the demand is real

when the delivery model is digital: M-KOPA’s pay-as-you-go
solar (metering usage and collecting small daily instalments
over mobile money) has reached over 7 million customers

and disbursed more than USD 2 billion in financing across five
markets, extending formal credit to households that banks had
written off. For a finance ministry, the significance is concrete:
data-driven planning is the difference between subsidising sites
that fail and directing scarce capital to where it unlocks the most
access per dollar.

The deliverable here is avoided misallocation: the single most
shared asset in this report. One national geospatial platform
answers four chapters’ siting questions at once: where grid
extension beats mini-grids and where it never will (the last-

mile chapter’s three-segment logic); where irrigation demand,
groundwater and solar resource overlap into viable Off-Grid
PUE Zones (the agriculture chapter); where swap stations and
charging hubs find anchor demand (the e-mobility chapter); and
where utility-scale plants connect at least cost. The resultis a
dividend every technology that draws on the same map ends up
sharing, not one that accrues to any single programme.

6.4.4 Transparent digital
procurement: lowering the cost
of capital

The fourth lever is transparency. Investors do not price
technology risk alone; they price the risk of a slow, discretionary
or opaque process too, and they respond by walking away or by
adding a premium. Digital procurement platforms remove that
premium by changing the informational structure of tendering:
standardised documents, published timelines and clarification
logs, secure submissions, and auditable award decisions. Every
bidder gets the same information at the same moment, and the
room for discretion or renegotiation shrinks.

The World Bank and IFC’s Scaling Solar programme produced
the effect with standardised, bankable contracts and a one-
stop package of finance, guarantees and insurance; Zambia’s
first auction delivered a then-record USD 0.06/kWh, and the
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programme’s own review identified scale,
transparent competition, a bankable
contractual framework, and repetition as
the decisive factors. Morocco’s MASEN
runs a dedicated e-tendering platform

to the same end, and Uganda’s GET FiT
programme did the same for smaller
projects: using standardised, pre-
approved PPAs and payment guarantees
to push a 122 MW portfolio of small
hydro and solar to financial close and
create roughly 11,700 jobs, showing
that the approach scales down to the
distributed level as well as up.

Transparency, on this evidence, is

not a compliance formality. Itis the

most affordable available instrument

for lowering the cost of capital, and
therefore the tariff that citizens ultimately
pay. Itis also the kind of transparent,
bankable pipeline the compacts now
commit their signatories to build.

This is a cost-of-capital instrument
wearing administrative wrapping.
Opacity in tendering is not free; it is

priced into the risk premiums African clean-energy projects
borrow at, and into the years projects wait for closure.
Transparent, digital procurement compresses that premium

for every asset class at once. Itis how utility-scale auctions
reach affordable tariffs. It is how aggregated mini-grid portfolios
become investable products rather than dispersed pilots. And
itis how the subsidy programmes behind connections, solar
pumps and clean-cooking appliances come to pay for verified
results, not promises. Itis also the compact Pillar 4 commitment
outside investors can verify from their desks, which makes it the
cheapest signal of reform credibility a government can send.

6.4.5 Digital public infrastructure and
open data: trust and
coordination at scale

The last is full-stack digital public infrastructure. Solar markets
require utilities, regulators, ministries, land authorities and
system operators to share data and act in sync. Where they rely
on disconnected systems and opaque interfaces, transaction
costs rise, and confidence falls. Digital public infrastructure
(DPI) (shared identity, payments and trusted data exchange, all
governed by clear rules) provides the common rails on which
sector-specific services can be built, much as digital identity and
payment systems have already reshaped public services more
broadly across the developing world.
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Figure 6.5: The single-buyer PPA model, whose bankability depends on a creditworthy, digitally enabled utility

Source: ISA & RCREEE Analysis
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Egypt’s PV-Hub brings installers,
procedures, costs, certified firms and
grid-connection tracking into one place,
cutting the information asymmetry

that has slowed the small-scale solar
market. Eskom’s open capacity data
turn fragmented datasets into shared
planning inputs. The International Solar
Alliance is assembling this financing-
and-data layer at scale: its Global Solar
Facility deploys payment guarantees and
blended finance to de-risk exactly the
weak-offtaker markets described earlier,
with an Africa Solar Facility (about USD
200 million, managed by Africa50)
aimed at unlocking some USD 10
billion of investment and clean-energy
access for 35-40 million households,
while its STAR-C centres build the local
capacity to operate these systems.
These initiatives are further supported
by the Global Mission on Al for Energy
and the ongoing digitisation of utilities,
which strengthen data-driven planning,
system management, and investment
decisions. Viewed together, mini-grids
and DPI platforms are two expressions
of the same underlying idea: digital
infrastructure that makes trust and
therefore investment possible.

What DPI delivers, ultimately, is trust

at transactional scale: the operating
condition of any distributed energy
economy. Shared payment rails are
what let a smallholder pay for irrigation-
as-a-service, a rider pay per battery
swap, and a household pay off a solar
home system or an electric cookstove
in daily increments. Open data is what
lets thousands of developers, lenders
and regulators transact without bilateral
due diligence. This is the infrastructure
on which the report’s demand-side
markets (productive use, e-mobility,
clean cooking) actually clear, and

on which the CPR’s twice-yearly
monitoring can draw live data instead
of retrospective estimates. Where DPI
exists, every other chapter’s business

model runs cheaper; where it does not, each must build its
own rails, and most never do.

One digital investment, four markets. Each lever above earns

its return outside this chapter as well as within it. Revenue
assurance is what turns a utility into the creditworthy offtaker
that utility-scale power purchase agreements depend on.
Geospatial least-cost planning is the same national dataset that
sites mini-grids and rooftop portfolios, designates productive-
use zones for solar irrigation and cold chains, and identifies
where charging infrastructure will find demand. Grid visibility
and forecasting determine how much solar the system can
absorb and whether electric-vehicle charging can be depended
upon. Transparent digital procurement lowers the cost of
capital for every asset class simultaneously. And digital public
infrastructure (payment rails, identity, open data) is what allows
a smallholder to pay for irrigation as a service, a rider to pay per
battery swap and a household to pay off a solar home system in
daily increments.

Solar-powered electric mobility illustrates the dependency most
clearly: swap networks, depot charging and public hubs all rely
on metering and digital payment platforms to bill customers,

on telematics and charging-management systems to manage
assets remotely, and on customer data to underwrite financing
for operators without formal credit histories. Managed charging
(shifting demand towards the midday solar peak using the same
digital control systems) is also the cheapest way to prevent
clustered charging from stressing weak distribution networks,
turning a potential load problem into system value.

The framing matters for sequencing and for measurement alike.
Digitalisation deployed on its own produces dashboards over

a failing system: metering without tariff reform digitises under-
recovery, and SCADA without governance digitises dysfunction.
Deployed together with tariff reform, utility governance and
investment mobilisation (as the compacts do by design, pairing
Pillar 5 metering commitments with tariff and governance reform
in the same signed document), it is the multiplier that turns
each reform into revenue, and revenue into deployed solar.

6.5 Way forward

The enablers work best in sequence, not in isolation. Digital
capability can be structured in four connected layers:

data foundations (smart metering, feeder monitoring,

SCADA, geospatial datasets); integration (interoperable
platforms, cloud infrastructure, APIs); analytics (forecasting,
optimisation, hosting-capacity analysis); and market interfaces
(e-procurement, digital payments, open-data portals). Each
layer enables the next and building the foundations before

the advanced functions avoids the fragmented, pilot-by-pilot
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investments that rarely produce lasting
system-wide impact.

The reform pathway is therefore phased,
not merely technical. It runs from

data foundations to core systems and
integration, to advanced planning and
market-facing platforms, and finally

to scaled, transparent digital markets.
Each stage creates the conditions for
the next, and the returns compound. The
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DISCOM

Technology
Provider / System
Integrator

Financier /
DFI/ISA

countries moving first are converting the same solar resource

into lower tariffs, faster access and larger flows of private

IMMEDIATE — Establish

foundations
Priority actions to unlock deployment

Declare digitalisation
& cyber resilience as a
strategic priority

Set tier-specific loss targets

Commission utility IT/ OT
digitalisation audit

Smart-metering & SCADA plan
cyber & data baseline

Smart-meter specs, data-
privacy & cyber rules

Interoperability & open-data
standards; loss targets

GIS mapping, SCADA feasibility
& comms assessment

Define 5 tracks (AMI/SCADA/
GIS/ClS/analytics); CDO +
cyber cell

Supply smart meters, SCADA
& GIS to standards

Build comms backbone; local
IT/OT skilling via STAR-C

Activate sovereign-DFI
partnership framework

Design performance-based
smart-meter facility

Approve Smart Grid Regulation
& smart metering mandate

Budget carries loss-reduction
& smart-meter metrics

Gazette Smart Grid Regulation;
mobilise first capital

Launch AMI rollout & GIS
programme

Tariff recovery + time-of-use
& net metering

Smart-grid desk, KPI
dashboard & IEC standards

1M smart meters; SCADA at 3+
substations; GIS 50%

Centralised data platform &
customer app live

Deploy AMI by feeder; integrate
SCADA/DMS

Roll out analytics & solar-
forecasting platform

First tranche tied to verified
loss reduction

Smart Grid Green Bond
framework live

Figure 6.6: Digitalisation pathway for solar deployment
Source: ISA & RCREEE Analysis

capital, while those that delay keep paying the hidden cost of
losses, leakage and investor caution.

The conclusion is direct. Digitalisation is the precondition

that turns Africa’s solar potential into bankable, scalable
deployment, and initiatives such as the International Solar
Alliance and Mission 300 exist to finance and scale it. The
resource is settled; the technology is affordable; what remains is
the institutional and digital capacity to make it investable.

LONG TERM — Sustain &

optimise
Embed enabling environment at scale

Smart-grid performance as a
standing national measurable

Utility financial sustainability
achieved

Digitalisation self-financing
via loss recovery

Data feeds national energy
statistics

Digital consumer address &
data-quality assurance

Annual review; API third-party
access

AT&C losses v5%, revenue
120%, SAIDI ¥+30%

Full smart grid + regional SCADA
integration

Al / ML predictive maintenance
& forecasting

Quantum-safe cyber;
interoperable open data

Repayment self-funded by loss
reduction

DFI exits as domestic capital
takes over
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7.1 Why capacity building matters for Africa?
131
The bottleneck on Africa’s solar programme has shifted. It is no longer

technology: pilots across the continent have shown that every segment
this report examines works and pays back. Itis no longer, at this point,
purely capital either; commitments are being made at unprecedented
scale, and private-sector targets are now written in whole countries
rather than in individual projects. What decides whether that capital
converts into connections is narrower and less visible. It is whether
institutions can plan, procure, regulate, deliver and sustain energy
programmes at national scale.

This chapter argues that institutional driving most of the employment and technician roles making
and human capacity is that binding up the largest share. Whether those jobs are African depends
constraint and that the stakes go beyond on whether the workforce, the training institutions and the
delivery rates. Capacity determines who  manufacturing and service value chains sit on the continent or
captures the value of the transition. ISA’s  are imported from elsewhere. On that reading, capacity building
Solar PV Skills and Jobs in Africa (2025) is not a support function to a solar agenda. It is the mechanism
puts Africa’s potential at 2.5 to 4 million by which a solar agenda turns into an industrial and employment
solar jobs by 2050, with small-scale PV strategy, rather than remaining a procurement exercise.
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7.1.1 Capacity is what
makes replication
possible

Every chapter of this report closes with
a model worth replicating: Nigeria’s
DARES, Uganda’s cooperative agri-solar,
Kenya’s e-mobility ecosystem, Zambia’s
procurement reform. Replication is not
automatic. It requires an institution that
can adapt a model to its own conditions,
procure it credibly, regulate it coherently
and monitor it honestly. Where that
institution exists, a proven model
transfers in months. Where it does not,
the same model gets piloted repeatedly
and never scales. That is the difference
capacity makes: it is what turns a good
idea into a national programme.

7.2 Current barriers
to institutional
and workforce
capacity

Consultations for this report identified
four structural constraints, all of them
common across markets at very different
stages of development.

Responsibilities for renewable
energy are spread across ministries,
regulators, utilities, rural electrification
agencies and investment promotion
bodies. Without clear mandates and
a working coordination mechanism,
decisions stall in the space between
institutions, accountability blurs,
and implementation becomes
inconsistent, a pattern visible in the
delayed reform actions examined
below.

South Africa,
Morocco and Egypt run clear
solar procurement schemes with
the institutional machinery to
make them work. In many other
markets, ambitious solar targets sit

alongside limited technical staff to implement them, limited
procurement capability to tender them, and no regulatory
capacity to license them. Private investors read that
difference immediately.

Regulators set most of the market conditions discussed
throughout this report: tariff structures, licensing regimes,
interconnection rules, net-metering frameworks, quality
standards, consumer protection. Yet regulatory institutions
are typically the least-resourced actor in the sector and

are asked to rule on mini-grid tariffs, battery-as-a-service
arrangements, rooftop aggregation and charging tariffs
without dedicated technical staff for any of it.

Technical and vocational systems are not producing

the volume or the specialisation the transition needs: in
installation and O&M, battery systems, grid integration, data
and geospatial analysis, or the trades that keep distributed
assets running after commissioning. 13 STAR-C centres are
operational against a target of 50.

7.3 Mission 300: capacity as
the binding constraint on
compact delivery

Mission 300 gives the capacity agenda of this chapter a
concrete institutional target. Every National Energy Compactis
executed through a national Compact Delivery and Monitoring
Unit (CDMU) that reports progress twice a year against dated
reform actions.

The pattern of delay is, in effect, a continental capacity map.
The differentiator is rarely money alone. It is planning units

able to run least-cost models, procurement teams able to
execute competitive tenders, regulatory drafters able to convert
commitments into gazetted rules, and data systems able to feed
the monitoring cycle: exactly the policy, regulatory, financial and
data skill areas this chapter prioritises.

The phased roadmap that follows should therefore be aimed
deliberately at compact delivery: CDMU staff and reform-
action owners should be treated as priority training cohorts,
with ISA’s STAR-C network and the train-the-trainer strategy
as delivery vehicles; the proposed Continental Capacity
Building Information System should be interoperable with the
Compact Progress Report cycle so that training supply follows
demonstrated delivery gaps; and every delayed reform action
should be read as a capacity diagnostic: a named institution,
a dated obligation, and a specific skill deficit that a targeted
intervention can close.
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Table 18: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

CDMU delivery
architecture and dated
reform actions in all 35
compacts

Jobs, gender and youth
mainstreamed

Institution-building with
dates (Zimbabwe Energy
Planning Unit by Q2 2026)

Institutional reform
embedded in every
compact pillar

Pillar 2 regional integration
commitments

Actions delayed in
the Q1-2026 cycle;
delays concentrated in
planning, procurement
and regulatory drafting

ISA estimates 2.5-

4 million solar jobs
possible by 2050 - the
pipeline to fillthem
barely exists

Consultant dependence
persists; knowledge
leaves when contracts
end

This report’s
consultations: capacity
is the primary bottleneck;
consultant dependence
hollows out institutions

Fragmented standards:
credentials not
recognised across
borders

Source: National Energy Compacts submitted by African countries

Delivery-unit skills:
least-cost modelling,
competitive
tendering, gazetting,
monitoring data

Training capacity: 13
STAR-C centres today
versus 50 targeted;
TVET curricula lag
technology

Permanent national
delivery structures
(NSDUs) and train-
the-trainer models

Ecosystem-level
capability, not
individual training

Cross-border
certification and
mutual recognition
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‘Training Needs Prioritisation’

+ CDMU/reform-action-owner
cohorts (this chapter); ISA Solar
PV Skills & Jobs in Africa 2025 as
the evidence base

‘Target Beneficiaries’ and ‘Training
Delivery Methods’: STAR-C
expansion 13 to 50, train-the-
trainer, gender-responsive
programmes (AFAWA, ECREEE)

‘Institutional Strengthening for
Delivery’: NSDUs with mandates
and decision access; utilities as
delivery agencies; AFUR/EREA
regulatory partnerships

‘Institutional Strengthening for
Delivery’: utilities as delivery
agencies; national long-term
technical-assistance model

‘Institutional Partnerships’:
ECSES regional certification
model; South-South learning
missions; AFUR/EREA exchanges
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Two things stand out. First, the constraint is not money. Tanzania and the Democratic Republic of the Congo
signed the same instrument, built on the same five pillars, with financing aligned behind both, and one

has four delayed actions while the other has completed none. Second, the delays cluster in identifiable
functions: least-cost planning, competitive procurement, regulatory drafting and gazetting, and monitoring

data. And those are exactly the capabilities a capacity programme can build.

What needs to be done?

Table 19: Summary of actions to be taken for mitigation of Gaps

CDMU delivery
architecture and dated
reform actions in all 35
compacts

Jobs, gender and youth
mainstreamed across
all 35 compacts

Institution-building with
dates

Pillar 2 regional
integration
commitments

Institutional reform
embedded in every
compact pillar

Proper planning
concentrated in
procurement and
regulatory drafting

2.5-4 million solar
jobs possible by 2050;
the training pipeline to
fill them barely exists

Consultant
dependence persists;
knowledge leaves
when contracts end

Fragmented
standards: credentials
not recognised across
borders

Capacity identified in
consultations as the
primary bottleneck
across all chapters

Delivery-unit skills:
least-cost modelling,
competitive tendering,
gazetting, monitoring data

Training capacity and
curricula that track
technology

Permanent national
delivery structures with
mandate and decision
access

Cross-border certification
and mutual recognition

Ecosystem-level
capability, not individual
training courses

Training-needs prioritisation with
CDMU staff and reform-action
owners as the first cohort; ISA
Skills and Jobs evidence base

STAR-C expansion; train-the-
trainer; gender-responsive
programmes

National Solar Delivery Units;
utilities as delivery agencies;
long-term technical-assistance
model

ECSES regional certification
model; AFUR and EREA
exchanges; South-South
missions

Institutional strengthening
across ministry, regulator, utility
and delivery unit

Source: National Energy Compacts submitted by African countries

7.4 Priority
enablers to
accelerate
deployment

Capacity building fails when it is
delivered as a series of workshops.

It works when it is designed as an
ecosystem intervention, with a named
institutional target, a defined cohort,
and a measurable delivery outcome.
Five enablers follow, sequenced from
most immediately actionable to most
structural.

7.4.1 Focus on the delivery
institutions first

The fastest return on capacity investment comes from the
people already accountable for signed obligations. CDMU

and STAR-centre staff, together with the reform-action owners
named in each compact, should be treated as the priority
training cohort, because their own delay data already identifies
which competencies are missing. A country reporting delayed
procurement actions needs procurement training. One reporting
delayed regulatory drafting needs legal-drafting support.

One reporting missing baselines needs data and monitoring
capability. This turns the CPR from a compliance exercise into a
diagnostic that directs training supply to demonstrated demand,
twice a year, in public.
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Sequencing beyond the delivery units
and STAR-C then follows the value
chain: technical experts and engineers
who design and supervise projects;
project developers and financial
analysts who prepare bankable
proposals; and then policymakers

and regulators, whose decisions set
the conditions for everyone else. The
regulatory cohort deserves particular
emphasis. Regulators are asked

to rule on mini-grid tariffs, rooftop
net-metering, battery-as-a-service
structures and charging tariffs, each of
them a novel question, typically without
dedicated technical staff to answer it.
Building regulatory capability is among
the highest-leverage interventions
available, because a single well-drafted
framework unlocks an entire market
segment.

7.4.2 Build the
workforce
pipeline at the
scale the
transition requires

Priorities should follow the identified
gaps rather than the availability of
trainers. Seven skill areas recur across
the chapters of this report.

System
design, installation, commissioning,
grid integration, storage and O&M,
across both utility-scale and
distributed contexts, with hands-on
laboratory and field components.

Procurement frameworks, tariff
design, off-grid and rooftop
regulation, licensing, environmental
and social assessment.

Bankability assessment, blended-
finance structuring, risk analysis,
access to climate funds, and micro
and MSME finance for distributed
entrepreneurs.

Energy data analytics, GIS-based resource
and least-cost mapping, metering and revenue-assurance
systems, SCADA operations: the skills without which the
digitalisation chapter’s levers cannot be operated.

For the
local firms that install, maintain and finance distributed
systems, including the delivery-model capabilities that
determine whether off-grid businesses survive.

Agri-
technicians for irrigation, cold chain and processing; EV
technicians and battery specialists for the mobility segment;
both currently near-absent outside a handful of markets.

The soft capabilities that determine whether technically
sound programmes are delivered.

Delivery format should follow purpose: seminars, workshops,
in-person courses, field placements or online modules. And
scope should follow need, with foundational training prioritised
in markets with limited capability, and advanced grid-integration
and export-oriented programmes for those with mature value
chains. Instruction in Arabic, French and Portuguese alongside
English is a practical precondition, not a courtesy. Through all of

this, the train-the-trainer model is what makes the investment 135
compound: it builds a domestic teaching base rather than a

lasting dependency on visiting instructors.

Gender-
responsive programmes across the value chain are what unlock
that participation: at continental level, IRENA’s Women in
Energy Network, SEforALL’s Gender and Energy Compact and
the African Development Bank’s AFAWA; regionally, ECREEE’s
Women in Sustainable Energy programme and GIZ’s EnDev.
National workforce strategies should embed gender-inclusion
targets backed by mentorship, dedicated scholarships and
partnerships with universities and vocational centres, and, as
Comoros’ compact shows, those targets can be written into
national energy commitments directly.

7.4.3 Move capability into permanent
institutions

Training individuals without strengthening the institutions
that employ them produces skilled staff who leave.
Three institutional shifts turn individual competence into
organisational capability.

Utilities need to develop
internal capability under a national, long-term technical-
assistance model, built with local universities and TVET
centres. In capacity-constrained markets, urgent support
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is needed to develop internal solar
engineering, metering and project-
management functions: the same
functions on which the digitalisation
chapter’s revenue-assurance agenda
depends.

Fragmented mandates
and slow rule-making can be
addressed through structured
regional partnerships: the African
Forum for Utility Regulators as a
coordination platform, alongside
the Energy Regulators Association
of East Africa, and drawing on the
STAR-C network and the Southern
African Power Pool as a working
model of regulatory practice.

National Solar Delivery Units need
three things to function: a clearly
defined mandate, institutional
stability, and direct access to
decision-making authority. Where
they exist, they are the link between
policy and implementation.

Where they are advisory only, they
become another coordination
layer. Zimbabwe’s commitment to
establish an Energy Planning Unit is
the model to watch, and it should
be interlocked with the CDMU rather
than run in parallel.

7.4.4 Make regional
learning the
default, not the
exception

Access rates range from
under 20% to over 90%. Some systems
are grid-dominant and others DRE-led.
Regulatory traditions, languages and
fiscal conditions differ profoundly. The
practical consequence is that the most
transferable expertise is usually regional
rather than international: a regulator in

one African market has typically solved a version of the problem
another faces, in comparable legal and fiscal conditions, more
recently than any external adviser could have.

Structured peer exchange should therefore be a primary delivery
mechanism, matched by market typology rather than geography
(grid-dominant against DRE-led, high-access against low-
access, anglophone against francophone and lusophone), so
that the country being learned from has genuinely faced the
conditions of the country learning. Three mechanisms carry

the exchange: peer-learning missions to operational projects,
regulatory exchanges that move policy and governance
frameworks across borders, and developer matchmaking that
builds cross-border partnerships. A centralised digital portal
should aggregate the tools, data, lessons and programme
resources these mechanisms generate, and it should be
interoperable with the CPR cycle so that training supply follows
demonstrated delivery gaps.

India is the closest analogue
in scale and starting conditions: it took 132 months to install its
first 50 GW of solar and 14 months for the next 50 GW, a nine-
fold acceleration achieved with the same technology and the
same geography. What changed was institutional. A dedicated
central agency aggregated demand and ran competitive reverse
auctions, shifting offtake risk away from individual developers
and driving tariffs to record lows. Financing was engineered
around the end user, with farmers under PM-KUSUM paying
a small share of upfront cost through blended subsidy and
concessional credit. Skills and domestic manufacturing were
built alongside deployment rather than after it. The transferable
content is the sequencing: institutional clarity first, aggregation
and competitive procurement second, end-user finance and
skills in parallel. Moving exactly this kind of applied experience
between member countries is the purpose of ISA’'s Communities
of Practice and STAR-C network.

7.4.5 Measure delivery, and retain the
people who deliver

Trainees,
sessions and geographic coverage are necessary indicators,
but the measures that matter are institutional: reform actions
completed, procurement rounds run without external support,
regulations drafted and gazetted domestically, and monitoring
data submitted on time. Pre- and post-training assessment,
participant feedback and published site-level results turn a
programme into a learning system, and every programme should
be designed against SMART criteria: specific, measurable,
achievable, relevant and time-bound.
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None of this survives brain drain. technical staff, career paths inside delivery institutions, and
Capacity investment must be matched a domestic project pipeline substantial enough to absorb

by the economic and educational graduates. A trained workforce that leaves for another
reforms that retain skilled talent: economy is a direct transfer of Africa’s capacity investment to
competitive public-sector terms for that economy.

7.4.6 Case Study

Senegal faced a critical gap between academic training and labour market needs in the renewable energy

(RE) and energy efficiency (EE) sectors. University curricula were theoretical, producing graduates with limited
practical skills. As a result, the employment rate was low, while the country is still relying on external experts to
plan, install and maintain renewable energy infrastructure.

PESEREE, launched in 2015 with a USD 17 million investment, was designed to bridge this gap. Key
implementation steps included:

= Curriculum reform: Reorienting university programmes toward applied learning, with specialised courses
in solar technologies, energy auditing, and grid integration.

= Certification development: Establishing a ‘Professional License in Renewable Energy and Energy
Efficiency’ to provide industry-recognised credentials.

= Hands-on training: Upgrading laboratories, supporting applied research, and embedding internships into
degree programmes.

= Faculty development: Training educators through ‘Train-the-Trainer’ models and fostering international

academic partnerships to ensure sustainable knowledge transfer.

= Senegalese Ministry of Higher Education: Oversaw programme design and integration into national
education policy.

= German Development Cooperation (GIZ): Provided technical and financial support, ensuring alignment
with international best practices.

= Universities in Senegal: Implemented new curricula, upgraded facilities, and partnered with industry for
internships.

= Industry stakeholders: Collaborated in curriculum design to ensure graduates met practical workforce needs.

= World Bank (African Centres of Excellence Programme): Complemented PESEREE with USD 16 million
in STEM-focused higher education strengthening.

The implementation of this program had an impact on different levels:

= Increase job opportunities: Significantimprovement in job readiness, with graduates entering roles in
solar installation, energy auditing, and efficiency consulting.

=  Workforce development: Implementation of university programme and professional licenses recognised
by the industry sector.

= |nstitutional strengthening: Enhanced university-industry linkages and sustainable faculty capacity
through ToT models.

= National Energy Transition: Contributed to Senegal’s broader energy transition goals under its national
policies and NDC commitments.
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Fragmented standards and quality gaps: A major barrier to solar deployment in West Africa was the lack of
standardised qualifications for technicians and designers. This fragmentation led to inconsistent installation
quality, which undermined consumer trust and made it difficult for financial institutions to invest in projects
with confidence. Furthermore, local professionals lacked credentials that were recognised across national
borders, limiting their mobility and the growth of a regional energy market.

A Unified Competency Framework: To address these gaps, the region implemented the ECSES, a voluntary and
unified certification system recognised across all 15 ECOWAS member states. The implementation focused on:

= Standardised job task analysis: Developing rigorous assessments for off-grid PV technicians, designers,
and inspectors based on specific industry competencies.

= Practical and written examinations: Establishing standardised testing procedures to ensure that certified
professionals possess the hands-on skills necessary for safe and high-quality installations.

= Accredited training networks: Strengthening a regional network of examination and training institutions to
ensure widespread accessibility to certification opportunities.

= ECREEE: The lead regional body overseeing standards development and the exchange of best practices.

= Regional Technical Committee: A body that provides expert oversight and ensures uniformity in
certification criteria across member states.

= National focal institutions: Local entities that provide expertise tailored to specific country conditions
and facilitate upskilling.

= International partners: Organisations such as UNIDO and the ISA, which supported the structuring of
resource centres.

The programme has successfully created a credential that is respected across the ECOWAS region, facilitating
the mobility and employability of certified professionals. By ensuring that solar installations are performed

by verified experts, the system has enhanced the quality, safety, and reliability of renewable energy projects.
Ultimately, this framework bridges the gap between high-level regional energy strategies and practical, local
implementation, fostering a more integrated and competitive sustainable energy sector in West Africa.

Capacity-building initiatives across Africa have produced several success stories, demonstrating how targeted
investments in training, education, and industrial development can strengthen the renewable energy sector
and bridge critical skills gaps. The following table highlights established models and programmes from Nigeria,
Senegal, Ethiopia, and Burkina Faso, showcasing practical achievements that range from specialised training
institutes to large-scale industrial operations. The following table summarises the key capacity-building
success stories and established models.

L g | i
T T L, e



Capacity building: strengthening institutions and skills for scalable solar deployment in Africa

Table 20: Capacity Building: Strengthening Institutions and Skills for Scalable Solar Deployment in Africa

Nigeria Renewable Energy Technology
Training Institute (RETTI)

Senegal African Centre of Excellence

Ethiopia Regional Centre of Excellence

Burkina Faso Energy (Industrial proof of

Faso concept)

Morocco Noor Solar Complex Workforce

Programme
ISA MTech Fellowship Programme
Members in Renewable Energy
States Technologies and Management

at the Indian Institute of
Technology (IIT) Delhi

ISA Establishment of STAR-C
Members (Solar Technology and
States Application Resource Centres)

in Universities and Public
Training Institutions in member
countries

Source: ISA & RCREEE Analysis

7.5 Way forward

The roadmap focuses on a multi-layered
workforce strategy that empowers

local institutions, from universities to
vocational centres, to become primary
delivery partners. It begins in Year 1

with a foundation phase that focuses

Provides tailored training across the renewable value chain,
specifically focused on solar panel assembly skills.

A World Bank-funded programme with USD 16 million invested to
support higher education in science, technology, engineering, and
mathematics (STEM).

A World Bank-funded USD 150 million centre in Addis Ababa is
dedicated to technical and professional training to meet regional
labour needs in the renewable sector.

Successfully established a 30-MW module assembly plantin 2020,
demonstrating the country’s ability to move from training to active
industrial operation.

Built a domestic solar technician and engineering workforce through
IRESEN-linked university programmes, reducing dependence on
external solar consultants.

Provides technical and managerial training for Mid-Level career
professional in government institutions across ISA member
countries. The program has graduated 6 batches with a minimum
of 15 professionals in each batch. Batch 7 and 8 are currently
undergoing in-person trainings at lIT Delhi’ campus in India.

The ISA, through the Country Partnership Framework, is currently
establishing STAR-C in countries that indicate interest with a
minimum target of about 50 countries.

The STAR-C is an ISA-UNIDO project that enhances institutional,
technical and networking capacity of member countries for
accelerated deployment of certified solar energy thereby ensuring
energy security.

on assessment, using capacity identification through data
collection and institutional mapping to prioritise training needs
and address governance fragmentation across Africa’s five
regions. By moving from strengthening national educational

and professional frameworks in Year 3 to advancing regional
integration and South-South learning by Year 5, this plan ensures
that Africa evolves into a self-sustaining hub for innovation, skills
development, and industrial growth.
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Professionals learn from successful regional entities

Establishing formal bilateral agreements and facilitating
expert exchanges

Integrate global frameworks into technical training while creating
standalone programs for community, youth and women

Use a multi-layered approach involving local universities and
international consulting firms to synchronize individual and
institutional skills

Prioritise “Train-the-Trainer” models to ensure sustainable
knowledge replication and reach more localized jurisdictions

Launch a Continental Capacity Building Information System
featuring a unified database of providers and a central
Learning Management System

Implement holistic economic and political reforms to combat
“brain drain.”

Figure 7.1: Phased roadmap overview

Source: ISA & RCREEE Analysis

= These are the crucial first steps and prerequisites. Without these in place, subsequent actions remain

largely ineffective.

= Establish regulatory and legal frameworks: Develop enforceable standards for equipment quality,
safety, installation practices, and grid integration.

= Build administrative infrastructure: Set up dedicated regulatory agencies and reliable data/statistical
systems to monitor market activity and workforce needs.

= Institutional capacity building: Strengthen the competencies of government officials, regulators, and
financial professionals so they can effectively oversee and finance projects.

= Formal certification systems: Implement mandatory systems to validate worker competencies by job
type and skill level to enhance credibility and mobility.

= Formalise the informal sector: Use dedicated frameworks and incentives to upskill and integrate
informal installers into the formal economy.
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Phase 2: Building and scaling capacity

Once foundations are set, these solutions should be implemented in parallel to create positive
feedback between workforce development and market growth.

Public-private partnerships: Leverage combinations of initiatives from the public sector, private
companies, and international organisations to share the training burden.

Innovative financing for training: Mobilise impact investment and blended finance to scale training
efforts and encourage businesses to invest in employee upskilling.

Cross-sector resource pooling: Align efforts between ministries (e.g., agriculture and energy) to
promote gender diversity and link solar PV with other industrial growth.

Market-aligned training content: Co-design curricula with the private sector to ensure graduates have
the ‘job-ready’ technical and non-technical skills (like project management) the market needs.
Resilient market development: Ensure a steady pipeline of projects across all segments (utility and
decentralised) to absorb and retain the trained workforce.

Phase 3: Futureproofing

These are forward-looking measures designed to prepare Africa for emerging technologies and long-
term sustainability.

Align technology roadmaps with workforce planning: Integrate workforce targets for emerging

sectors like battery energy storage (BESS), green hydrogen, and recycling into official national strategies.

Digital and e-learning platforms: Leverage digital tools to overcome geographic constraints and reach

remote areas with training. 141
Effective exit strategies: Ensure that international training programmes prioritise ‘training the trainers’

to build local institutional memory and reduce foreign dependency.

Anticipate advanced technologies: Update curricula to include Al applications, smart grids, and

digital monitoring tools.

Stimulate value chain creation: Target all segments, including local manufacturing/assembly, repair,

and end-of-life management (dismantling/recycling).

Regional and international cooperation: Establish shared regional training hubs and harmonise
certification schemes across borders to improve workforce mobility.
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8.1 Why financing matters for Africa?

8.1.1 Capital and access scarcity

Africa holds 60% of the world’s best solar resources, with energy
demand projected to grow eight-fold by 2050. The continent’s solar
market is scaling rapidly, but total installed capacity remains a small

fraction of what its resources and demand growth could support.
Despite record installations in 2025, Africa continues to attract a
relatively small share of global clean energy investment, even though
electricity demand is growing faster than in most regions.

The economic upside of large-scale
solar power deployment is substantial:
a fully renewable-powered Africa would
save the continent between USD 3 and
USD 5 trillion by 2050 (approximately
USD 150 billion per year on average)

by substituting fossil fuels with
renewables. While this transition would
require greater upfront investmentin
infrastructure, the resulting fuel cost
savings would be more than double
(2.2x) the additional investment
required, halving the continent’s fuel
bills over the next three decades.

However, this required expansion is
met with various barriers, financing

chief among them. Africa’s financing challenge is not simply
about the lack of capital that flows to the continent; it is about

a lack of affordable and accessible capital. The volume gap is
stark: Africa attracts only 3% of global energy investment, and
meeting the continent’s growing energy demand requires more
than doubling annual investment by 2030. Three-quarters of this
would need to be clean-energy focused.

Additionally, investment inflows have been concentrated in
certain countries (the ‘Big Four’ with the largest investment
across sectors: Egypt, Kenya, Nigeria and South Africa), largely
bypassing the rest of sub-Saharan Africa. For example, as of
2025, USD 13.84 billion of tracked energy investment was
concentrated in a handful of countries, with the top ten, led by
South Africa, Egypt, Nigeria and Morocco, accounting for 73% of
the total. This largely reflects how projects are driven by strong
regulatory signals and established infrastructure.
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Figure 8.1: Energy transition investment in Africa

Of the USD 9.1 billion in cumulative
commitments to mini-grid electrification
across the continent, only 14 percent
(~USD 1.28 billion) has actually been
disbursed to date Understanding the full
value chain of finance flows, including
how much is committed, from which
sources, on what terms, and how much
reaches the ground, is therefore central
to designing the financing architecture
Africa’s solar transition needs.

8.1.2 Energy Financing:
The Global Picture

Global investment for energy transition
technologies was estimated at USD
2.4 trillionin 2024, a 20% increase
compared to 2022-23. Investments in
RE, grids and storage (USD 1.19 trillion)
exceeded fossil fuel investment (USD
1.13 trillion). Energy financing globally
combines debt and equity in different
ratios depending on the stage of the
project cycle. Debt is central to capital-
intensive infrastructure, allowing costs
to be spread over long tenors, while

Source: BNEF

equity is essential for smaller, riskier projects and for early-stage
development. Solar PV and solar thermal globally have been
found to be equity-dominated technologies.

Financing has evolved in Africa, as global markets for solar have
become more commercially viable. Between 2012-2024, off-
grid solar has attracted over USD 3.6 billion, made up of grants
(4%), equity (42%) and debt (55%). However, funding has been
limited to certain pockets: East Africa (Kenya, Rwanda, Uganda),
followed by Nigeria (West Africa) and Zambia (Southern Africa).
Additionally, both sides of this structure are compromised.
Equity capitalis limited, with many of the equity funds currently
active in energy project finance funded by development

finance institutions rather than by commercial or institutional
investors. Debt is available but expensive: the cost of capital
for utility-scale clean energy projects in Africa is at least two

to three times higher than in advanced economies and China,
and higher still for smaller-scale projects that can only access
debt from local commercial banks. In Kenya and Senegal, for
example, the weighted average cost of capital for utility-scale
solar sits between 8.5% and 9%, compared with 4.7% to 6.4%
in North America and Europe. Nonetheless, Kenya and Senegal
see lower financing costs than South Africa and other emerging
and developing economies including Brazil, India, Indonesia,
Mexico, and Vietnam, where the WACC is between 9.5% and
11%. Even these figures understate the private-market rates that
domestic businesses face, which often exceed 15%.
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Blended finance, where public and Financial sources and instruments

concessional capital is combined with ) ) ) o ) ) )
Climate finance in Africa is primarily from public sources (82%),

with multilateral DFls and bilateral flows making up 73% of this
share, mostly in the form of market-rate or concessional loans.

private investment to unlock deals
that would otherwise not happen, has
been widely promoted as a solution o B )
) ) Within the energy sector specifically, the share of multilateral
to this cost-of-capital problem. Its
performance in Africa, however, has

fallen well short of expectations. Sub-

funding is 21%. Bilateral DFIs focus more heavily on the energy
sector, particularly solar PV and, increasingly, grid infrastructure.
As of 2024, MDBs committed USD 137 billion in direct climate
finance and an additional USD 134 billion mobilised from the

Saharan Africa’s mobilisation ratio
sits at around USD 1.80 of private
capital for every USD 1 of concessional
finance and falls to just USD 0.37 in the Private sector participation has increased significantly, especially

private sector.

continent’s low-income countries. By with global technologies that have become commercially viable,
contrast, the IEA’s Net Zero Emissions like solar PV. There has been a tripling of private clean energy
Scenario implies that concessional investment, from USD 17 billion to ~USD 40 billion between 2019
finance must mobilise between USD 9 and 2024. However, private finance is also largely concentrated
and USD 13 of private capital for every in mature markets (South Africa, Egypt, Nigeria, Kenya, Ethiopia,
dollar committed in order to reach the Morocco, Burkina Faso, Tanzania, Zimbabwe and Ghana). For the
USD 0.9 to USD 1.1 trillion in annual larger clean energy sector, 40% has come from venture capital
private investment required across firms to start-ups. This flow, however, has been small toward
emerging markets by the early 2030s. off-grid solar (only USD 7 billion). The sectoral focus has also not

been towards residential access, but towards upcoming areas
like EV (USD 70 million in 2023).

145

45.0
33%

40.0
35.0

30.0

25.0 19%

16%
20.0

US$ Billions

15.0 10%

8%
10.0

5% 4% 4%

5.0 I I I

South Egypt Morocco  Kenya Algeria  Senegal Nigeria Rest of
Africa Africa

Figure 8.2: Energy transition investment in Africa (2004-2024)
Source: BNEF



146

Enabling Financing Ecosystem

8.2 The invisible barriers: macroeconomic, regulatory,
market and financial challenges

One of the major challenges observed
in Africa is high upfront costs and a high
cost of borrowing, at 15-18% compared
to developed nations (Europe, US)

at 2-5%. This is the case particularly

for clean energy investment, while
fossil projects (backed by sovereign
guarantees) have interest rates of 4-5%.

For every USD 1 invested in fossil fuels,
only ~92 cents go to clean energy. Itis
important to understand the reasons
that restrict a larger flow of finance to

clean energy investment in Africa. There is a need to unpack the
macroeconomic, regulatory, market and financial challenges.
Invisible costs make solar (and RE in general) more expensive
on the continent, limiting development. The risks (both actual
and perceived) associated with African nations make them

less attractive investment markets. Borrowing costs have
increased and debt servicing costs are double the costs of clean
energy investment. This is compounded by high expenditure

on equipment imports, foreign currency risk and currency
fluctuations, and investors requiring high returns to offset
perceived risks. Credit rating issues and thin capital markets
further inflate premiums above actual market conditions,
making finance harder to access.

Table 21: Summary of challenges and solutions

Challenge _ Potential Solution Africa Case Study

Macroeconomic  Public balance sheet/ debt Debt management Ghana

Supply-side imports
Import Tariffs

Risks
= Off-taker risk
= FXRisks

Regulatory Regulations
Electricity tariffs
Fossil subsidies

Market and Leveraging finance

financial Fiduciary framework

High-transaction costs

Domestic manufacturing Morocco; Egypt
Regulatory restructuring Zambia

= Blended finance Kenya
= Off-taker guarantees

= Sovereign risk insurance

= Local currency lending

Public procurement Ethiopia
Time of use tariffs South Africa
Subsidy removal Nigeria
ARAF
Credit guarantees Nigerian Infrastructure Credit

Enhancement Facility

Portfolio aggregation

Power sector structure (utilities = Unbundling
with large quasi-fiscal deficits) = Regional trading

Source: ISA & CETEX Analysis

8.2.1 Macroeconomic

Macro-economic headwinds, in
form of weak public accounts,
volatile supply chains, energy sector
structural barriers and FX mismatch
affect solar investments. Investing

in solar comes with high upfront cost,
expected from the country’s public
accounts. Public finance for clean

energy investment has fallen by one-third over the last decade
This is driven by high debt distress, with African sovereign
debt reaching ~USD 1.13 trillion. IMF found that median debt
to GDP ratio for sub-Saharan countries increased by about

30 percentage points (between 2012 and 2022). 23 African
countries are in or near debt distress, limiting their ability to
invest in renewables. High subsidies for fossil fuels, USD 85
billion in 2024, are also a major contributing factor to debt
distress. This debt distress not only affects the lack of public
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finances to invest in solar but also puts
arisk element for international or private
investment due to the risk of default.
This adds to the high interest rate offered
to projects.

Debt management is, hence, a
positive signal that governments

can send to investors. Ghana’s

recent energy sector debt clearance
illustrates this principle in practice. By
mid-2025, Ghana’s cumulative energy
sector liabilities had surpassed USD 3
billion. This was a product of decades of
structural imbalances that compounded
into one of the country’s most pressing
fiscal challenges. The 2025 clearance
action reversed this trajectory and
signalled to investors that the country
was prepared to honour its contractual
obligations. By the end of the fiscal year,
the Government of Ghana had paid
approximately USD 1.47 billion in energy
sector debts, including arrears owed

to Independent Power Producers, and
replenished the World Bank Partial Risk
Guarantee. The settlement was paired
with renegotiated PPAs with major IPPs
and a commitment to the disciplined
enforcement of a Cash Waterfall
Mechanism that ensures revenues
collected from electricity consumers
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flow systematically to pay for fuel, generation, transmission, and
distribution costs in a predetermined sequence. Additionally,
the country has launched a USD 4.3 billion renewable energy
investment plans, with the aim of targeting private investment.
The five-year roadmap specifies the need to expand solar-
powered water pumping and 100 charging stations. This debt
payoff and clear long-term plans strengthen investor confidence.

Supply-chain risks, driven by import dependency, are a
major challenge. Africa’s import dependency is due to a lack

of manufacturing capacity for solar panels and battery storage
technology. This leaves solar expansion largely dependent on
other countries, primarily China (see Figure 8.3 below), and
hence at risk of supply-side shocks, trade disruptions and export
policies. The oil price shocks, especially this year, have resulted
in aboom in solar panelimports, exceeding USD 400 million in
the first quarter of 2026 (compared to USD 650 million for 2025).
Chinese exports have increased by 120% year-on-year. Between
2023 and 2025, solar panel imports from China for sub-Saharan
Africa tripled (from 3,734 MW to 11,248 MW). During the Covid
crisis, module prices fell from about USD 0.40 per wattin 2019
to USD 0.25-USD 0.32 per watt in 2021. Further, global trade
barriers (from the likes of the US and EU) on Chinese solar
imports play out favourably for Africa. However, in the longer run,
this overdependence could prove risky once prices rebalance.
Solar and storage costs are expected to increase by 9%. This

is where increasing domestic manufacturing helps: it supports
energy security and protects fiscal space. Countries like Egypt
(through the Suez Canal Economic Zone), Morocco, South
Africa, and Nigeria (to name a few) are increasing their solar

and RE manufacturing capabilities to decrease dependence on
imported solar panels and provide investor confidence.

2020 2021 2022 2023 2024 2025 2026

Bl Cells W Panels B Wafers

Figure 8.3: Chinese solar exports to Africa

Source: Ember Energy
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From a macro-economic lens,
regulatory uncertainty also exists in
form of import tariffs, and domestic
taxes and duties. Countries have
complex tariff structures, especially

to protect domestic manufacturing.
However, balancing regulation is also
important: restrictions should not come
at the cost of immediate solar capacity
expansion. Zambia’s structural reform, by
removing VAT and import duties on solar
panels and fast-tracking agreements
with IPPs, supported the surge of solar
installation in the country. This was
especially necessary given the country’s
dependence on hydropower, which was
affected by the 2023-24 drought. The
easing of regulatory barriers resulted in a
solar panel boom, growing eightfold year-
on-yearin 12 months (2025).

The structure of the power sector
also plays a role in weakening
confidence in investing in African
markets. Power sector markets are
primarily SOE-dominated, whether
unbundled or single-utility models, often
carrying high debt with large expenditure
on servicing it, and locked into long-term
PPAs for fossil energy. Additionally, they
need sovereign backing to issue PPAs

on RE. Structurally, they have weak grid
infrastructure. This impacts uptake of
utility-scale solar, where a weak grid with
good solar would still be a risky project
(with investors fearing it becoming a
stranded asset).

International financing into Africa,
is primarily dollar-denominated
debt from international players and
hence the currency mismatch gets
highlighted as a larger currency risk.
International financing into Africa is
primarily dollar-denominated debt from
international players, and hence the
currency mismatch is highlighted as a
larger currency risk. The FXrisk for solar
arises where revenue generated from
projects (which are dollar-denominated)

is received in local currency. Currency devaluation or weak
currency stability in these African markets affects the risk
portfolio of the project. This is also a cyclical paradigm, where
nations vulnerable to external shocks (whether an oil crisis or
climate risks) are exposed to higher currency volatility. FX risk
plays out not only in finance for implementation but also from
importing solar modules and infrastructure (e.g. battery storage).
Capital cost requirements factor in this FX mismatch throughout
the supply chain, from supplying solar hardware in foreign
currency (mostly USD or EUR), to investing in foreign currency,
while revenues are generated in local currency. Fluctuating
exchange rates further affect the profit margins of investors and
hence increase interest rates. Many climate and hedging facilities
like The Currency Exchange Fund (TCX) and FX Hedging Facility
have been developed to protect investor and developer interests.
To address the larger FX issues, there is a need to:
1. Unlock local currency investments, through stronger policies,
procurement frameworks and PPAs in local currency.
2. Secure credit risk guarantees through DFIs and domestic
institutional investors.

A Kenyan-shilling-denominated securitisation, arranged by Sun
King and structured by Citi and Stanbic Bank Kenya in 2025,
illustrates the model. Following a PAYGO model, customers pay
low amounts (as low as USD 0.19 per day) to get connected to
solar systems. Tying these payments to long-term local-currency
debt reduces the cost to customers, while also securing
investors through predictable revenue streams. This solution not
only covers local-currency risk but also mobilises commercial
bank capital at scale. An important caveat for PAYGO models

is that securitisation depends on companies having a proven
repayment record and robust loss monitoring.

8.2.2 Regulatory

Public finance in the form of concessional finance to Sub-
Saharan Africa has reached about USD 1.38 billion across
87 transactions. This presents a shallow domestic public
finance environment, and hence there is a need for domestic
institutional strengthening.

Regulatory uncertainty translates into perceived risk

of investing in Africa. Less developed regulatory markets
contribute to contractual and project implementation delays,
which in turn impact investor confidence. The principal
regulatory barrier is institutional fragmentation. Solar
deployment cuts across the mandates of the ministries of
water, energy, and agriculture, and resolving this institutional
fragmentation is a precondition for attracting private sector
investment. Several reforms have begun to demonstrate what
coordination can look like in practice.
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For instance, Ethiopia’s Federal Public tariff calculation methodologies, periodic review mechanisms,
Procurement Directive 1073/2025 and independent verification of performance metrics. Where
replaces a series of previously disjointed  these are absent, such disputes often recur at significant cost to
directives with a single unified legal both parties and to broader investor confidence.

instrument, codifying the end-to-end

Regulatory risks, in form of inadequate price signals,

procurement lifecycle from planning to impact the uptake of renewable energy. The design of the

dispute resolution under one framework, . . . ) . A
: ) tariff structures distorts the market, failing to incentivise utilities
mandating electronic procurement
for all public bodies, and embedding
sustainability requirements including

life-cycle cost analysis.

(or consumers) to shift towards cleaner solutions. Electricity
tariff structures in Africa are primarily Increasing Block Tariffs
(IBTs) or flat-rate tariffs, designed to support the economically
vulnerable. IBTs undercut the payback period for solar. Flat

Beyond institutional coordination, tariffs also push for cross-subsidisation, acting as a deterrent to
dispute resolution frameworks are solar adopters (given the large associated upfront costs). More

a critical dimension of regulatory sophisticated tariff designs can create clearer incentives for both
strengthening. Where contractual utilities and consumers to shift toward solar. Time-of-use (TOU)
disagreements between utilities tariffs charge pre-declared rates that vary by peak, standard,

and independent power producers and off-peak periods, while dynamic pricing structures adjust
cannot be resolved through clear in response to actual grid conditions. South Africa’s Eskom has
domestic mechanisms, disputes can developed a tariff structure that integrates several of the design
accumulate over years, damaging features referenced above. Its Megaflex and Miniflex tariffs apply
investor confidence and creatingfiscal  to large industrial and commercial customers. They use three
strain on already-distressed utilities. time-of-use periods, seasonally differentiated, with a peak-to-
Zambia’s Itezhi Tezhi Power Corporation  off-peak ratio of 6:1. They also include fixed capacity charges,
(ITPC) case is a recentillustration. ITPC  npetwork charges, and explicit cross-subsidy contributions for 149
is a 120-MW hydropower plant on the rural electrification, urban low-voltage supplies, and residential
Kafue River, structured as a 50/50 joint  affordability. In 2025, Eskom removed IBT structures from
venture between Tata Africa and ZESCO,  rgsidential tariffs. It also unbundled the domestic Homepower
the Zambian state utility, with a 25- tariff into separate energy, network, and retail charges.

year off-take agreement between the
two parties. Between 2016 and 2022,
ZESCOQO’s arrears to ITPC accumulated
to approximately USD 784 million,

A comparative regulatory assessment of net metering, time-
of-use tariffs, and open-access frameworks across six African
markets, Ethiopia, Uganda, Rwanda, Kenya, Senegal, and The

driven by tariff disputes, mathematical Gambia - is provided in Annex VI.

and financial modelling errors in the Subsidies also distort the market, by making fossil energy
original tariff calculation, and ZESCO’s artificially cost effective. Though the LCOE for solar globally is
inability to service the growing debt. USD 0.04 to USD 0.044 per kWh, compared with USD 0.069 to
After a protracted period of dispute, USD 0.169 per kWh for coal and USD 0.11 to USD 0.228 per kWh
negotiation, and final arbitration, the two  for natural gas, subsidies to fossil fuels cut into the commercial
parties agreed to restate the account: viability of renewables. Subsidies also dig into public coffers,
tariffs were renegotiated and backdated  diverting government funds from necessary social spending and,
to the 2016 commencement of within the energy sector, away from infrastructure upgrades.
operations, ITPC wrote off approximately  The strategic move by Nigeria shows the effectiveness of cutting
USD 453 million in receivables, and fossil subsidies. Nigeria’s 2023 fuel subsidy reform doubled the
ZESCO made USD 152 million in diesel price, in a country dependent on ~28 GW of distributed
additional payments, reducing the diesel. This, complemented by local-currency devaluation,
outstanding debt to approximately USD  compounded dollar-denominated diesel import costs. Further,
179 million. The case underscores the fall in solar costs resulted in rooftop solar installations

the importance of clear contractual falling by ~35% between 2022 and 2025. This also resulted in a
guidelines for African power sector decrease in the payback period, with savings from diesel imports

agreements, including standardised and subsidies. In most African nations (9 out of the top 10 solar
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importers), the import value of refined
petroleum is 30 to 107 times that of
solar panels. Fiscal management and
removal of subsidies is hence another
strategic signal that governments can
send to investors.

8.2.3 Financial and
Market

Creditworthiness is one of the
major challenges for investment in
Africa. Low credit ratings for off-takers,
which are often government-backed
utilities, are risky investments for
private players. Weak utility off-taker
solvency, driven by the existing power
market structure, affects investor
confidence. This is exacerbated by the
country’s sovereign rating. As per S&P
Global, of the 27 sovereigns rated, only
4 were investment grade. The UNDP
estimates that African countries pay a
premium of 2.9 percentage points more
in borrowing costs as a result. Thirty
years of pooled development-bank data
(the GEMs Risk Database, 1994-2024)
shows private-sector loans in Sub-
Saharan Africa defaulting at around
6.05%, the highest of any region, but
recovering roughly 78% of value when

they do default, the highest recovery rate of any region and well
above the global average recovery rate of 72.9% across all 169
countries in the dataset. Taken together with the UNDP premium
figure, this suggests Africa’s borrowing costs are priced against
default frequency alone, without crediting the strong recovery
performance that offsets it. This gap between perceived risk and
actual lender losses is the evidence base for the guarantees
and blended finance instruments this report proposes. The low
credit ratings mark a ceiling for private investors, especially for
long-term investments like solar or grid infrastructure. This also
feeds into the larger fiscal space, where governments backing
investments with higher risk premiums inflate debt costs. Low
credit ratings highlight a much bigger systemic issue with how
Africa’s risk is mispriced.

Local market challenges, given the push for decentralised
solar, are not attractive enough for equity funders or
institutional investment. Domestic institutional investors,
including pension funds, insurance companies, and sovereign
wealth funds, represent a substantial but under-deployed pool
of capital for African renewable energy. The constraints on this
capital are primarily structural and include a lack of appetite for
early-stage projects, fiduciary frameworks that favour low-risk
assets, and the high perceived transaction cost of every deal.
Institutional investors are also constrained in their allocations,
committing ~1-2% of their portfolios to infrastructure and
minuscule amounts to RE. One way to address these issues
without straining public finances is through grants, guarantees
and first-loss protections from multilateral climate funds and
development banks, which would insulate commercial investors
from initial losses. Beyond public balance sheets, estimates
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show that Africa holds ~USD 4 trillion
of domestic capital: USD 1.1 trillion

of institutional capital, USD 2.5 trillion
of commercial banking assets and
more than USD 470 billion in external
reserves. This would lead to an increase
in their willingness to commit capital
to projects which would otherwise
struggle to attract commercial finance.
The Acumen Resilient Agriculture Fund
(ARAF) demonstrates this model. ARAF
is a private equity fund that invests in
agricultural businesses across Africa,
specifically those helping smallholder
farmers cope with climate change. A
USD 23 million commitment from the
Green Climate Fund (GCF) has protected
private investors from downside
exposure and mobilised additional
commitments from FMO (Netherlands’
entrepreneurial development bank)
and private foundations. The fund has
supported early-stage agribusinesses
that have improved resilience for over
3 million smallholder farmers. The model
has since been validated by a follow-
on fund, ARAF Il, which is targeting 20
million additional lives across African
smallholder agriculture, demonstrating
that catalytic equity structures can be
scaled and replicated once their initial
deployment has built a credible track
record.

The second constraint is the fiduciary
framework that governs domestic
institutional investors. Pension funds
and insurers are bound by conservative
capital rules that favour low-risk assets.
Credit guarantees are one way to absorb
the disproportionate risks that fiduciary
frameworks prohibit. The Nigerian
Infrastructure Credit Enhancement
Facility (InfraCredit) is an example.
InfraCredit is a Nigerian institution

that guarantees long-term local-
currency bonds issued by infrastructure
projects, including renewable

energy, off-grid power, transport, and
telecommunications. It was established
in 2017 by the Private Infrastructure

Development Group (PIDG) and the Nigeria Sovereign
Investment Authority. InfraCredit has reported consistent year-
on-year growth, with net investment and net guarantee income
expanding tenfold over the 2017-2022 period. InfraCredit’s
theory of change rests on three pillars: expanding the market
for infrastructure finance, enabling projects to access longer-
tenor capital with high impact, and delivering greater access to
infrastructure for improved livelihoods. Over 1,000 small and
medium-sized enterprises have been supported, and more
than one million people have benefited from improved access
to infrastructure, with InfraCredit projecting growth to USD 500
million in guarantee capacity by 2026. This demonstrates that
locally tailored credit enhancement mechanisms can both
de-risk individual transactions and build a durable institutional
architecture for mobilising domestic capital at scale.

The third constraint is the high transaction costs that raise
the cost of deploying institutional capital into African
renewable energy. Individual mini-grids and small commercial
projects fall below the deal sizes at which institutional investors
can efficiently engage and justify the cost of every due diligence
exercise. Two complementary innovations can address this
constraint: portfolio aggregation that bundles small projects and
local partnerships that enable capital flow. Portfolio aggregation
can be undertaken in several ways. For instance, pooled
procurement by Nigeria’s Demand Aggregation for Renewable
Technologies programme allows solar companies to purchase
equipment jointly and has led to CAPEX savings of 5-20 percent.
Portfolio tendering, used in Zambia, Nigeria, and Madagascar,
packages mini-grid sites into investable bundles with longer
licence terms. Financial aggregation through securitisation,
most notably d.light’s multi-currency social impact receivable
structures in Kenya and Tanzania totalling USD 490 million,
converts future customer payments into tradable securities that
can be sold to institutional investors directly.

Taken together, these innovations constitute a coherent strategy
for mobilising domestic institutional capital and broadly tackle
the market and financial risks.

8.3 Mission 300: matching the
financing ecosystem to
sighed compact targets

8.3.1 What s being done?

The financing ecosystem this chapter describes now has a
defined demand side: the National Energy Compacts quantify,
country by country, the capital the continent has committed

to raise. The asks range from under USD 0.4 billion (Comoros:
USD 390 million, Sao Tome and Principe: USD 297 million) to
USD 37 billion (DRC), and the private components are explicit —
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USD 20 billion for DRC, USD 15.5 billion
for Nigeria, USD 9.5 billion for Zambia,
roughly USD 9.4 billion for Uganda, USD
8.7 billion for Mozambique, USD 7.6
billion for Guinea and USD 7.4 billion for
Burkina Faso.

Reaching the Mission 300 targets
will require the World Bank Group to
increase IDA financing for the energy
sector in Sub-Saharan Africa from
USD 3 billion ayear to USD 5 billion a
year through 2030 to support energy
access, sector and utility reforms, as
well as generation, transmission and
distribution investments. In addition,
IFC has committed to increasing its

financing for Africa’s energy sector to USD 1 billion per year over
the same period.

The first Compact Progress Reports also supply an honest
baseline of how far there is to go. By Q1 2026, Zimbabwe led all
reporters with USD 687.75 million of cumulative private capital
mobilised against a USD 4.42 billion target; Cote d’lvoire had
mobilised roughly USD 1.15 billion against USD 1.94 billion;
Burundi USD 137 million against USD 1.54 billion; Tanzania

USD 643 million against USD 4.04 billion; Malawi just USD 31.3
million against USD 2.47 billion; and Chad and Niger reported
no private capital at all. This gap is not a verdict on the targets: it
is a measure of the missing market infrastructure documented
in this chapter: high cost of capital, FX mismatch, weak off-taker
credit and shallow local financial markets. Closing it is precisely
what the instruments proposed here (guarantees as the default
architecture, local-currency facilities, results-based subsidy and
aggregation vehicles) are for.

Table 22: Current status of financing in select African countries

Private capital target (2030) Mobilised by Q1 2026 Status till date

Zimbabwe USD 4.42 billion
Cote d’lvoire USD 1.94 billion
Burundi USD 1.54 billion
Tanzania USD 4.04 billion
Malawi USD 2.47 billion
Chad/Niger

USD 1.32 billion /~USD 527 million ~ None reported

USD 687.75m
(cumulative 2024-25)

Frontrunner; 50 of 71 actions in
progress

~USD 1.15bn
(cumulative 2024-25)

Well advanced; +3.56 million
people connected in 2025

USD 137.1 million Mobilisation beginning;

renewables on track

USD 643 million
(cumulative 2024-25)

Best reform delivery (4 of 53
delayed)

USD 31.3 million Most actions completed (12),

but 28 delayed

De-risking instruments not yet
in place

Source: Update of National Energy Compacts submitted by African countries

8.3.2 What needs to
be done

The compacts have quantified Africa’s
solar financing challenge with unusual
precision. On the demand side, the
compacts seek from under USD 0.4
billion (Comoros, Sao Tome) to USD
37 billion (DRC), with explicit private
components: USD 20 billion for DRC,
USD 15.5 billion for Nigeria, USD 9.5
billion for Zambia, ~USD 9.4 billion for
Uganda. On the supply side, Mission

300 aligns up to USD 30 billion of World Bank Group financing,
USD 48 billion with the AfDB, USD 6 billion of partner pledges
and Zafiri’s up-to-USD 1 billion equity vehicle. The first Compact
Progress Reports show how far apart the two sides still are:

The mobilisation mathematics do not yet close. The seven

largest compact private-capital targets alone exceed USD 77
billion by 2030; the best performer had mobilised USD 687.75
million by Q1 2026, two reporters had mobilised nothing, and
blended finance, the designated bridging instrument, leverages
USD 1.8 per concessional dollar in SSA (USD 0.37 in low-income
countries) against the 9-13x the IEA’s net-zero arithmetic requires.
Capital that is committed does not flow either: only 14% of USD
9.1 billion in mini-grid commitments has been disbursed.
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Table 23: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy

Compact commitments

Compact private-capital
targets: the seven largest

alone exceed USD 77
billion by 2030

Blended finance as the

compact mobilisation
instrument (Pillar 4)

Committed programme

capital

Pillar 4 aims to compress

Africa’s risk premium

Domestic resource

mobilisation implicit in

compact ownership

Where the continent
stands

Q1-2026 mobilisation:
Zimbabwe USD 687.75
million (the leader), Cote
d’lvoire ~USD1.15 bn, Malawi
USD31.3 m, Chad and Niger
zero

SSA leverage ~USD 1.8 per
concessional dollar - and
USD 0.37 in low-income
countries

Mini-grid reality check: only
14% of USD 9.1 billion
committed has been
disbursed

Clean energy borrowing

at 15-18% vs 2-5%; only

4 of 32 rated sovereigns
investment grade; ratings
penalty ~2.9 pp

Majority of climate finance
is public; domestic pension
capital sidelined by fiduciary
rules and transaction costs

Source: National Energy Compacts submitted by African countries

Gap to close

An order-of-
magnitude shortfall
against 2030 targets
in most markets

High leverage ratio
required

Pipeline conversion:
bankable portfolios,
local-currency
structures,
guarantee cover

Perceived risk
priced above
fundamentals

Domestic
institutional capital
largely untapped

Closing enabler

‘Structuring an Ecosystem

for Finance’ (next section):
segment-specific instruments
for utility-scale, DRE and
productive use; CPR delivery
evidence priced into country
strategies

Guarantee-led and blended
structures designed toward
9-13x leverage; Global/Africa
Solar Facility payment-
guarantee architecture; Zafiri
equity

Aggregation vehicles, local-
currency structures (Sun King
KES securitisation precedent)
and pipeline conversion to
close the disbursement gap

‘Risk-mitigation solutions’:
political-risk insurance, partial
risk guarantees, FX hedging
(TCX-type facilities)

Market/financial enablers (this
chapter): fiduciary reform,
aggregation, standardised
assets, local-currency
securitisation (Sun King
precedent)
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The financing ecosystem set out below
is the closure design for exactly this gap
- segmented instruments by asset class,
guarantees as the default architecture,
local-currency and domestic
institutional capital. ISA’s role is catalytic
on each axis: the Global / Africa Solar

8.4 Way Forward

The financing needs of solar
deployment vary significantly by
project type. For utility-scale clean
power, private capital can take the
lead, but concessional finance still
plays a key de-risking role in less
developed markets. Utility-scale
projects in Africa are still constrained
primarily by off-taker risk, as only about
one in three African utilities are able

to cover their operational and debt-
servicing costs, weakening the case for
investing in capital-intensive, long-lived
infrastructure.

Distributed renewable energy such as
mini-grids, solar home systems, and
off-grid solar for rural access face a
different challenge. These projects are
smaller than utility-scale developments
and the risk associated with the end
consumer can be much higher. Only
around half of new electricity access
connections providing basic energy
services are likely to be commercially
viable without incentives such as
reduced connection charges, lower
tariffs, and subsidised appliances. As

a result, the traditional channels for
energy financing are not well adapted to
these smaller, higher-risk projects, and
mini-grids rely on a distinct capital stack
combining grants and concessional
equity at development, commercial
debt and results-based finance during
operation, and aggregation vehicles to
reach institutional scale.

Productive-use applications where
energy is used towards an economic
purpose, such as solar irrigation, cold

Facility’s payment-guarantee architecture converts perceived
risk into insurable risk; the Communities of Practice generate
the investable national pipelines; and pricing CPR delivery
evidence into country strategies, sequencing guarantees toward
on-track reformers like Tanzania and Cote d’lvoire, turns Mission
300’s monitoring cycle into the continent’s de facto credit-
enhancement mechanism for solar.

storage, and agro-processing, introduce a third profile and
arguably one that makes the other two viable. Demand can
be four times higher per capita than for essential household
services, and this higher consumption is precisely the revenue
base that mini-grids and utilities need to reach commercial
sustainability. This points to a different financing logic than aid
dependency: the goal is repayable lending, structured through
equipment loans and cooperative or aggregator channels, that
customers can pay off from the income the equipment itself
generates. Subsidy still has a role, particularly in de-risking early-
stage uptake and financing the broader economic development
programmes that productive use requires, but it should be
structured to taper as the market deepens and repayment track
records are established, rather than functioning as a permanent
government and donor-funded subsidy.

The implication for financing policy is that a single instrument
cannot serve all three categories, because the binding
constraints differ. Recognising this segmentation is a
precondition for effective financing design.

These large, interconnected issues can also be addressed
through regional coordination. Regional integration through
interconnected power pools has enabled aggregated demand
and the creation of economies of scale in financing, which

are critical for attracting investment in energy infrastructure.
Five regional power pools have been established across the
continent: the Southern African Power Pool (SAPP), the Eastern
Africa Power Pool (EAPP), the West African Power Pool (WAPP),
the Central African Power Pool (CAPP), and the North African
regional grouping (COMELEC/Maghreb). SAPP is currently the
most advanced, with a robust institutional framework, high
grid interconnection, and a transparent electricity market that
has enabled efficient cross-border trading and a diversified
generation mix.

Additionally, collating financing approaches at a larger
continental scale is also being observed. The African Union
and the continent’s Regional Economic Communities have
taken substantive steps towards establishing the African Single
Electricity Market, with the November 2025 AU-ECOWAS
meeting advancing regulatory readiness for continental
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electricity trading, and the West African = Capital markets are increasingly being used for off-grid solar.
Power Pool completing a historic = Government policy and institutional alignment are critical.
synchronisation test connecting the
power grids of all West African countries
simultaneously for the first time. Public-
private partnership models including
Build-Own-Operate, Build-Own-Operate- Drawing on these learnings and various examples, different

= Productive-use solar needs end-to-end financing models.

= Demand aggregation can reduce costs and improve
affordability.

Transfer, Build-Transfer-Operate, and archetypes can be observed across Africa, based on ownership
Engineering, Procurement, Construction  and financing structure. The archetypes can be developed based
and Finance structures are the main on: 1) who holds the asset; 2) who is liable for construction and
models for private sector participation. takes on the operating risk; and 3) how the end-user and off-
Examples include the Kigali Power taker relationship is structured. The ownership-based model can
Transmission Projectin Rwanda andthe  be developed as:

Cote d'lvoire, Liberia, Sierra Leone, and 1. Independent Power producer (IPP)- Public Private

Guinea (CLSG) Interconnector Project.
The CLSG project aims to connect these
four countries with the regional energy
market in West Africa, which would lead
to anincrease in opportunities for trade
and the establishment of a regional
power market.

Partnerships:

= Build-Own-Operate: a private company (or consortium of
private/multilateral players) builds, owns and operates the
power asset, with a long-term PPA with government/state-
owned utility (mitigating the risk of revenue, political and
regulatory uncertainty). Ownership is privately held, with
sovereign guarantee in the form of the government acting as

The strongest financing approaches off-taker (e.g. Utility-scale solar: Benban Solar Plants)

combine public or concessional = Co-development/joint ventures, where an equity stake is

capital with private investment, while taken by government in addition to the private player (e.g. 155
directly addressing specific risks such utility-scale solar: Angola Solar Plant)

as FX exposure, revenue uncertainty,
political risk, technology adoption,
affordability and weak local capital
markets. Business models differ based

2. Portfolio Ownership: ownership type built for scale, across
various countries, is supported by guarantee from multilateral
body like MIGA (e.g. Utility Scale Solar- AMEA Power).

3. Permanent Capital Vehicle: ensures long term financing,
and hence also called evergreen or perpetual funds (e.g.
Off-grid- Zafiri platform; Utility Scale Solar- Spearhead Africa
Infrastructure Fund (SAIF)).

on ownership structure and generation
capacity. Different financial models
that have been adapted across Africa,

under different circumstances and in
4. Consumer ownership through Pay-as-you-go or Rent-to-

Own models: ownership is privately held (be commercial
companies investing in product/ service) but is designed to
transfer to end-user overtime (e.g. Off-grid- d.light, Sun King;
Productive use of Solar)

different regions, provide the following

key learnings:

= Different market segments need
different financing models.

= Risk mitigation is central to attracting
private capital. Hence, the success of a model can be seen by following a

= Local-currency finance is whole-value-chain approach, aligning financial risks with the

revenue stream and ensuring long-term sustainability. Upfront

cost structures should be predictable, stable and long-term. This

would involve managing the invisible barriers (macroeconomic,

regulatory, market and financial risks), as well as defining

the target market or choosing the right operational structure

for revenue and hence long-term stability. The table below

provides examples of cases where specific design features have

addressed the risk and are aimed at long-term sustainability.

increasingly becoming key to attract
domestic finance.

= Blended finance helps move projects
from high-risk to bankable

= (Guarantee structures are especially
important for scaling infrastructure
finance; utility-scale solar

projects, given their larger capital
requirements, need sovereign or Business model archetypes: examples of design features

multilateral guarantee backing. addressing risk and ensuring long-term sustainability
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Table 24: Financial Structures and De-risking Mechanisms Across Solar Market Segments

Type Financial model/ Risks mitigated Conditions
business model ensuring long-term
sustainability of model
Benban Solar Plants:  Blended multilateral = Political and currency risk: MIGA guarantee = BOO contracts
parkincludes 34 finance = Revenue certainty: government-backed long-
solar plants IPP business model, term PPA and FiT programme
using Build-Own- = Financial security through both debt and
Operate (BOO) equity financing
contracts
The Angola Solar Export-credit = Diversifying from China-US exports and = State-utility PPA
project: diversifying financing Swedish solar exports
solar mix State-utility PPA = | ong-term financing and PPAs: 18-year tenure,
85% of project
= = Sovereign guarantee: from the Government of
g Angola, Ministry of Finance
%‘; Tati Solar Project, Blended finance = Off-taker volatility mitigated by structured = To be tested for
9 Botswana (100 MW)  Merchant IPP commercial capital (through RMB) and selling investor appetite:
< to SAPP (rather than a single domestic off- revenue dependent
% taker) on selling into the
= competitive pool
(SAPP)
Kenya: Spearhead Fund structure with = Reducing FXrisk: using local currency (Kenyan
Africa Infrastructure  debt financing shilling)
Fund (SAIF) Local-currency = Attractive to local investors through public
financing listing: the first infrastructure fund listed on the
Nairobi Stock Exchange (NSE)
AMEA Power Guarantee = Geographical diversification across multiple BOOT model
(multiple countries) IPP using Build- countries streamlines risk insurance
Own-Operate- = Streamlined underwriting reduces execution
156 Transfer (BOOT) timelines: in Egypt, the project was completed
model in 6 months
= Enables scaling by attracting private capital
= |ongtenor allowing regulatory/political risk
coverage
= MIGA guarantee mitigates sovereign risk
= | ong-term revenue security through BOOT
model
Off-grid solar Securitisation = Attracting institutional investors Asset ownership plans
company, d.light Asset aggregation = Using capital markets to recycle customer Centralised
; . receivables into new investment capital management
Zsr;ci:rgnfgéjs YOU™ Local currency = Tying payments to long-term local-currency
debt reduces the cost to customers, while also
securing investors through revenue streams;
this solution covers local-currency risk and
mobilises commercial bank capital at scale
= Local-currency loans allow FX risk mitigation
5 InfraCredit Guarantee facilities = Targets institutional investors through a Unlocking patient
5 Nigeria (Nigeria (local currency) guarantee structure that mitigates credit risk capital necessary for
= Infrastructure Credit for infrastructure projects the long term
© Enhancement = FXrisk mitigated by allowing only local-
Facility) currency-denominated debt instruments

Dhamana Guarantee
Company

Large capital inflow (from the likes of PIDG)
allowed InfraCredit to build its capital base
and underwrite long-term local-currency
guarantees

Increased average tenor of bond issuances:
11 years, compared with 3.2 years in markets
without InfraCredit support

Credit wrap lowers perceived risks and
reduces the cost of long-term local-currency
debt
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Conditions
ensuring long-term
sustainability of model

Financial model/
business model

Risks mitigated

Type

Productive use of solar: agriculture

Productive use of solar: EV

Demand Aggregation
for Renewable
Technologies (DART)
Programme, Nigeria

SunCulture

Productive Use
Financing Facility

Malawi: end-to-end
solutions for women
farmers (rent-to-own
scheme)

Demand
aggregation

Pay-as-you-grow
and carbon finance
(PES)

Multi-stakeholder
financing at pilot
stage

Results-based
financing

Contract farming

Economies of scale through demand
aggregation

FXrisk reduced by allowing a mixture of dollar
and local-currency funding

PAYG financing allows smallholder farmers to
avoid large upfront costs

Uses carbon finance innovatively to reduce the
price of solar irrigation through subsidies

De-risks early investment for consumers
through concessional debt and guarantees

Needs policy
integration and
alignment with
ongoing larger
programmes (such as
World Bank DARES in
this case)

Subsidy phase-out
needs to be planned
and complemented by
innovative financing
(such as carbon
credits)

Needs to support
market development
to allow phase-out
of RBF

Revenue guarantee
through rent-to-own
scheme

Uganda: Solar for PPP Diverse capital streams (blended finance) de- = Cooperative
Sustainable Income  proquctive use of risk investment for commercial participation ownership allows
in Dairy (Cooling) centralised

South African EV
firm Zero Carbon
Charge (CHARGE):
a developer and
operator of off-grid
EV charging stations

Battery swapping:
example of Spiro

Source: ISA & CETEX Analysis

energy

Commercial (EV
off-grid)

Commercial

Battery-as-a-Service

(BaaS)

First funding from ABSA (over 2 years) allowed
bankability and investment readiness to be
seen

Long-term project viability through long-term
funding

Patient, blended capital, aiming more for debt
over equity, with swap revenue expected to
repay it

Reduced asset risk (negligible) due to battery
ownership

Battery swapping allows protection from
volatile fuel prices

investment (and
repayment plans)

Uptake by consumers
dependent on pricing
model (time-based,
energy-based, fixed-
rate or hybrid)
Following global
models by building
charging stations

in key freight and
passenger corridors

Substitute to time-
consuming charging
where charging
infrastructure is weak
or grid power is not
reliable

Market structure can
become monopoly-
dominated, dictating
pricing; policy
intervention can help
ensure interoperability
and standardisation of
battery infrastructure
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Local manufacturing and the African solar value chain

Local
manufacturing
and the African
solar value chain

9.1 Why local manufacturing matters for Africa

Every preceding chapter of this report describes energy demand as a
key enabler - for last-mile systems, for irrigation and cold chains, for
charging infrastructure, for utility-scale plants. This chapter asks a
slightly different question: Where does the equipment that meets this
demand get manufactured and what does it mean for Africa when it is 199

made elsewhere?

The answer has changed sharply in the = Cost. The Africa CAPEX premium in the distributed

past two years. Africa’s imports of solar renewables chapter, mini-grids at roughly USD 6,824/
panels from China reached 15.0 GW in kWp against a global benchmark near USD 3,000/kWp,
the 12 months to June 2025, up 60% is largely a logistics, duty and small-order-size premium,
year-on-year, while imports totalled 18.8 not a technology premium. Every USD 1,000/kWp saved
GW across calendar year 2025, a 48% unlocks around USD 4.2 billion in avoided cost, enough
increase from 2024, highlighting the to connect some 10 million more people.

rapid acceleration of solar deployment = Foreign exchange risk and supply security. Equipment is
across the continent. Excluding South priced in dollars while revenue is collected in local currency:
Africa, imports of Chinese solar panels the same mismatch that constrains off-grid and mini-grid
to African countries nearly tripled over companies throughout this report. Dependence on a single
the past two years, increasing from supplier geography adds strategic exposure that could
3,734 MW t0 11,248 MW. Inthe 12 reverse as quickly as it arrived.

months to June 2025, 20 countries set = Value capture and jobs. According to ISA’s Solar PV Skills

and Jobs in Africa (2025) analysis, Africa’s solar workforce
could grow from approximately 226,000 jobs today to 2.5-4.2
million jobs by 2050. Achieving the upper end of this range
will depend in part on expanding local value addition through

record import levels, and the number
of countries importing solar panels of
capacity at least 100 MWp rose from 15
to 25. Three consequences follow, and
each maps to a constraint identified

module assembly, balance-of-system manufacturing, and

elsewhere in this report. . .
solar appliance production.
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The trade argument reinforces all

three. For 9 of Africa’s 10 largest solar
importing countries, refined petroleum
imports exceed solar panelimports by a

factor of between 30 and 107, and a panel in Nigeria repays its
cost in avoided diesel within roughly six months. Solar already
substitutes for far larger fuel imports; manufacturing retains a

growing share of the equipment spend as well.

9.2 Types of equipment procured by different solar
power thematic areas

The solar manufacturing opportunity is
not characterised by a single market.
Each solar thematic chapters covered
in this report generates its own bill of
materials, and the most useful insight
into industrial policy is that the highest-
volume, most localisable items are

usually not solar panels. These are mounting structures, poles
and cabling, meters, pumps, cold rooms, battery packs and
appliances: goods with high weight-to-value ratios, moderate
technical barriers, small production runs and heavy after-

sales content. To be read as a procurement list rather than a
technology list, the report’s own opportunity pipeline showcases
where African industry can compete now.

Table 25: Local and Regional Manufacturing Opportunities in Solar

Solar thematic

Principal manufactured inputs

Where it should be made

(report chapter)

Utility-scale and
interconnection

Mini-grids

Off-grid solar /
SHS

Rooftop solar

Agriculture/
productive use

Solar e-mobility

Digitalisation and
storage

Source: ISA Analysis

Modules, central inverters, mounting and
tracking structures, foundations, cabling,
transformers, switchgear

Poles, distribution cabling, connection boxes,
meters, controllers, power houses, batteries

Kits, PAYGo control units, lights, fans,
televisions, efficient refrigerators

Roof mounting systems, string inverters,
isolators, enclosures, bidirectional meters

Pumps, drip systems, cold rooms, dryers,
mills, agrivoltaic elevated structures

Battery packs, swap-station hardware,
chargers, two- and three-wheeler assembly,
second-life packs

AMI meters, communications modules,
SCADA hardware, BESS containers and packs

Country: structures, foundations, civil
works
Region: modules, inverters, transformers

Country: balance of system, the dominant
cost driver
Region: controllers, batteries

Country: kit assembly, appliances, repair
networks
Region: electronics, cells

Country: mounting to local roof and wind
codes, enclosures
Region: inverters, meters

Country: specification-sensitive and
service-intensive

Country: packs, swap hardware, vehicle
assembly
Region: cells, power electronics

Country: meter assembly, the largest
volume item in this report
Region: electronics, cells
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9.3 Current barriers limiting manufacturing potential

Africa’s manufacturing base has begun across more than fifty markets with separate procurement
to move, but from a low level. Morocco rules and standards. Outside South Africa, Egypt and
recently doubled module capacity to increasingly Nigeria, no national market can underwrite
around 1 GW a year and South Africa a competitive factory, which makes regional integration a
operates at comparable scale, with manufacturing question, not only a trade question.

smaller lines in Egypt, Nigeriaand Kenya.  «  |nput tariffs that invert the incentive: Many countries levy
The significant recent additions are higher duties on cells, glass, junction boxes and inverter
cell-level: Ethiopia’s Hawassa industrial parts than on finished modules, taxing local assembly and
park now hosts multi-gigawatt cell subsidising the imported finished product.

production. Five barriers explain the gap. Power, logistics and finance: Factories need reliable,

" Scale and cost competitiveness: competitively priced electricity, working ports and
A sub-gigawatt African line importing predictable customs. At 15-18% borrowing costs against
cells, glass and frames cannot 2-5% in advanced economies, the payback math rarely
match integrated Chinese producers closes without concessional support or an anchor offtake.

on price alone. Without aggregated = Skills and quality infrastructure: Assembly needs

demand, new lines run below

production engineers, quality controllers and accredited
capacity and fail.

testing laboratories; without recognised certification a

= Fragmented demand: Africa’s 2.4 factory cannot export into neighbouring markets at all.
GW of annual installation is spread

161
9.4 Mission 300 and the manufacturing agenda

9 4.1 What iS being order book: the first time African equipment demand can be
done? articulated in a way manufacturers can plan against.

A parallel industrial architecture is emerging around critical
minerals. Sub-Saharan Africa holds approximately 30% of the
world’s proven critical mineral reserves, while the DRC accounts
for more than 70% of global cobalt production. In 2022, the
DRC and Zambia signed a cooperation agreement to develop a
regional battery value chain, followed by a UNECA-Afreximbank

Mission 300’s national energy compacts
create the demand certainty on which
manufacturing investment depends.
Across the Compacts, governments have
committed to connecting a large share of
300 million people by 2030, roughly half

o framework to establish battery and electric-vehicle special
through mini-grids and standalone solar,

economic zones, including planned battery-precursor production

with quantified equipment implications: e .
q quip P facilities in the two countries.

Zambia’s 3,000 MW solar programme,
Uganda’s ~2,712 planned mini-grids, 9.4.2 What needs to be done?
Gabon’s 300 MW of solar-plus-storage,

, The gap is one of translation: demand exists, and minerals exist,
Madagascar’s 893 MW of new renewable . . . ) . Lo

i o i but neither is being converted into manufacturing capacity in the

capacity. Aggregated, this is a multi- continent

gigawatt, multi-year and now visible
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Table 26: Mission 300: Progress, Gaps and Priority Enablers for Scale-Up

National Energy Compact Where the continent Gap to close Closing enabler
commitments stands

Compacts commit to multi-

gigawatt deployment by 2030

~30% of global critical mineral
reserves; >70% of cobalt from

the DRC

Pillar 4 private-capital
mobilisation across all
compacts

Jobs and skills mainstreamed

in every compact

Regional integration under
Pillar 2 and the AfCFTA

~18.8 GW of solar panels
were imported from China in
2025; domestic capacityis a
small fraction of that

Minerals exported largely
unprocessed; precursor
and cathode value captured
offshore

Industrial finance at 15-18%
cannot support capital-
intensive factories

Jobs per GW of capacity that
Africa currently forgoes

50+ fragmented markets;
input duties often exceed

Demand not aggregated or
signalled to manufacturers
in procurable form

Refining, precursor and
cathode capacity and the
power to run it

Long-tenor, competitively
priced finance with anchor
offtake

Production engineering,
quality control and testing
skills

A single regional market
with harmonised standards

Regional aggregation
and multi-year
framework
procurement

DRC-Zambia SEZ
framework; ECA-
Afreximbank corridor;
clean power

Blended industrial
finance; guarantees
applied to offtake

STAR-C and TVET
manufacturing tracks;
regional testing

AfCFTA tariff
alignment; mutual

finished-goods duties

recognition of
certification

Source : ISA Analysis, IRENA and National Energy Compacts submitted by African countries

9.5 Country-level and regional manufacturing:
matching segment to scale

The question is not whether to localise
but at what scale each segment of

the solar power value chain should be
localised. A country that attempts cell
manufacturing for a 200-MW domestic
solar energy market builds a plant that
never reaches viable utilisation; a region
that imports mounting structures and
solar pumps forgoes the jobs most
readily available for it. The distinction is
economic, not political: each segment of
the value chain has a minimum efficient
scale, and the right jurisdiction is the
smallest one that can supply it.

Solar value chain segments that are
weight-intensive, service-intensive or
sensitive to local specification belong
close to the customer: shipping a steel
mounting structure across an ocean
makes no sense, shipping a wafer does.
Four categories of manufacturing qualify
for localisation almost everywhere:
= Balance of system (mounting and
racking, cabling, junction boxes,
enclosures, poles)

= Productive-use equipment assembly (pumps, cold rooms,
dryers, mills), where small runs and after-sales presence are
advantages rather than costs.

= |nstallation, O&M and refurbishment services, the largest
single source of domestic employment in the chain.

= Final assembly and kitting to national programme
specifications.

Module assembly and battery pack integration become viable
nationally once demand reaches several hundred megawatts
ayear or an anchor public programme exists: a threshold
that countries like Morocco and South Africa have passed at
roughly 1 GW each.

The upstream segments cannot be justified by a single
national market outside the largest three or four economies.
Cells and wafers, inverter electronics, glass and encapsulant,
battery cells, and precursor and cathode processing each
require gigawatt-scale throughput, very low-cost firm power,
or proximity to processed minerals. Pooled under the African
Continental Free Trade Area, Africa’s 2.4 GW of annual solar
power capacity installation supports competitive plants.
Regional integration is a manufacturing precondition, not

an adjunct, and comparative advantage is already visible in
regions/ countries where investment has arrived.
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Table 27: Potential Regional Hubs for Solar and Battery Manufacturing in Africa

Region / corridor | Anchor markets Comparative advantage Realistic manufacturing focus

Morocco, Egypt

Industrial base, deep ports, proximity Modules and cells at export

) to Europe; Morocco ~1 GW module scale; inverters and electronics
North Africa ) : )
capacity, Egypt hosting gigawatt-scale
cell projects
West Africa Nigeria, Ghana, Largest demand pool in Sub-Saharan Module assembly and battery
(ECOWAS) Céte d’Ivoire, Africa (Nigeria alone ~1.7 GW in packs for the ECOWAS market;
Senegal ayear) plus ECREEE and ECSES productive-use equipment;
standards architecture balance of system
East Africa (EAC / Ethiopia, Kenya, Ethiopia: lowest-cost clean firm Cells in Ethiopia; modules,
Horn) Tanzania power and working industrial parks, appliances, e-mobility
already producing cells at Hawassa. components and battery packs
Kenya: 200 MW module plant, mature in Kenya and Tanzania
off-grid and e-mobility markets
Southern Africa South Africa, Deepest industrial and engineering Modules, inverters, storage
(SADC / SAPP) Zambia, Namibia, base, an integrated power pool, integration, mounting systems;
Botswana adjacency to the mineral belt; largest industrial supply into the mineral
single import market (~3.8 GW) corridor
Central mineral DR Congo, Over 70% of world cobalt and ~10% Mineral refining, precursor and
corridor Zambia of copper; clean hydro power; ECA- cathode materials, battery cells,
Afreximbank battery and EV special the highest-value opportunity on
economic zones the continent

Source: ISA Analysis

The principal risk of local manufacturing
is not under-ambition but duplication-
ten governments each announcing a
national module factory produces ten
sub-scale plants, each protected by
tariffs against the others, none of them
are competitive. Three instruments
prevent this: (i) Solar-specific rules of
origin under AfCFTA, phased upward
as capability deepens, are the single
most important technical instrument

in this chapter; set too low, repackaged
imports qualify; set too high, the
preference is worthless. (ii) Regional
specialisation agreements, hosted by
the power pools and RECs that already
coordinate electricity trade, let states
take complementary segments rather
than compete for the same factory.

(iii) And harmonised standards with
mutual recognition - the ECSES model
from the capacity chapter, applied to
equipment - open neighbouring markets
to compliant producers while excluding

sub-standard imports. Sequenced this way, every country builds
the labour-intensive segments of the solar value chain at home
while regions build the capital-intensive segments/ equipment
and trade them.

9.6 Priority enablers to
accelerate deployment

Manufacturing policy fails when it begins with factories. It
succeeds when it begins with demand and then removes the
frictions that stop a competitive plant from serving it.

9.6.1 Aggregate demand before
building supply

The most powerful instrument African governments hold is
their own procurement. Compact targets, rural electrification
programmes, public-building rooftop portfolios and pump
schemes together represent a predictable multi-gigawatt
pipeline. Converting it into multi-year framework contracts,
rather than annual project-by-project tenders, gives a
manufacturer the volume certainty needed to finance a line and
the Utility Aggregator Model from the distributed renewables
chapter does the same on the rooftop side. Aggregation works
best regionally: under the AfCFTA a manufacturer faces a

163
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demand base an order of magnitude
larger than any national market outside
South Africa and Egypt.

9.6.2 Fix the tariff
inversion and
sequence the
value chain
realistically

The immediate reform is to ensure
duties on inputs never exceed duties on
finished goods. Zambia’s removal of VAT
and import duties on solar components,
which preceded an eightfold rise in
imports, shows how fast fiscal signals
move this market. Sequencing matters
as much as tariffs, and most markets
should begin well upstream of cells:
balance of system is low-capital
intensive and viable immediately
almost everywhere; appliance and
productive-use assembly follows closely
behind; module assembly and battery
pack integration are medium-term,
needing several hundred megawatts

of aggregated annual demand; cells,
wafers and precursor materials are long-
term and belong only where very low-
cost firm power or processed minerals
are close at hand; and polysilicon and
ingots sit beyond the current horizon.

9.6.3 Broaden the
definition beyond
PV modules

Framing local manufacturing as a
question about panels understates the
opportunity. Three adjacent segments
are commercially closer and more
employment-intensive: productive-
use appliances, assembled from
widely available components in runs
small enough for African firms and sold

where after-sales presence decides the sale; electric-mobility
components, where two- and three-wheeler assembly, battery
packs and swap-station hardware are already within reach and
where battery weight favours production close to the market;
and repair, refurbishment and end-of-life, which turns the
maintenance constraint identified in the distributed renewables
chapter into spare-parts production, recycling and second-life
packs feeding mini-grid and rooftop storage.

9.6.4 Solve the industrial finance and
power problem together

A factory needs two things African markets supply poorly: long-
tenor capital at reasonable cost, and reliable competitively
priced electricity. The guarantee architecture built for generation
- payment guarantees, FX cover, local-currency facilities and
ISA’s Global and Africa Solar Facility - can be extended to
industrial offtake, since a manufacturer holding a guaranteed
multi-year order from a national electrification programme

is far more bankable than one selling into a spot market. On
power, captive and corporate-PPA solar is the fastest route

to competitive industrial electricity and makes the factory a
demonstration of its own product. Special economic zones
can bundle both provided they are tied to a real offtake pipeline
rather than offered as a general incentive.

9.6.5 Build the quality infrastructure
that makes regional trade
possible

A manufacturer confined to one national market will struggle

to reach competitive scale, while regional trade depends

on recognised testing, certification and mutual-recognition
frameworks. Regional testing laboratories and accredited
certification systems are therefore industrial infrastructure,

not merely consumer-protection mechanisms. The leading
markets show how the pieces combine: Morocco anchored
manufacturing within a broader industrial-development strategy;
Egypt demonstrates how market scale can attract further
investment; Ethiopia shows that cell-level manufacturing can
locate in a lower-income economy with competitive power costs
and functioning industrial infrastructure; and the DRC-Zambia
corridor points to the highest-value opportunity of all, processing
minerals closer to where they are mined, with regional integration
as the enabling framework rather than an afterthought.



Conclusion

This report examines four solar thematic chapters and four
cross-cutting enabler chapters that are critical for accelerating
solar energy deployment across Africa. The technical chapters
focus on distributed renewable energy for last-mile access,
solar-powered agriculture, solar-powered e-mobility, and
utility-scale solar and regional interconnections. These are
complemented by four cross-cutting enablers (digitalisation of
utilities, institutional capacity building, financing ecosystems,
and local manufacturing pathways) that are essential for
moving from scattered pilot successes to scalable, replicable,
and continent-wide deployment models.
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Conclusion

Across all four solar thematic areas,
the report finds that solar is no longer
constrained primarily by technology
or cost (costs have fallen sharply and
Africa’s resource base is exceptional),
but by a recurring set of non-technical
barriers: underdeveloped policy and
regulatory frameworks, high financing
costs driven by currency mismatch and
weak power utility creditworthiness,
and limited institutional capacity,
which in turn constrains technical
and managerial delivery. Lessons
drawn from successful cases, such as
Nigeria’s DARES, Uganda’s agri-solar
pilots, Egypt’s Benban and Morocco’s
Noor complexes, and Rwanda’s and
Nigeria’s digital planning platforms,
share a common pattern: a clear policy
mandate, an innovative financing
structure that blends concessional
and commercial capital, and de-
risking mechanisms that make solar
investment bankable.

The consistency of this pattern

across different sub-sectors (off-grid
access, agriculture, electric mobility,
utility-scale generation, digital
infrastructure) indicates that Africa’s
solar transition is best understood

as a single interconnected system
rather than separate markets. Weak
utility digitalisation undermines the
bankability of utility-scale projects;
currency risk and high WACC constrain
DRE, agriculture, and utility-scale
financing alike; and capacity gaps cut
across every sector. This means that
gains made in one area (e.g., digital
revenue-assurance tools) directly
improve outcomes in another (e.g.,
utility-scale project bankability), and
conversely, that an isolated intervention
in only one sector is unlikely to achieve
transformational scale.

From a policy and regulatory
perspective, clear solar policy mandates
covering licensing, tariff design, land
allocation and water governance (for

agri-solar), and procurement transparency are key prerequisites.
Regional bodies also need to support harmonisation to enable
regional interconnection and cross-border replicability.

On finance, the blended-finance architecture, including
concessional capital, local-currency instruments, risk
guarantees, and carbon finance, should be built as shared
financing infrastructure, rather than treated separately for

each sector. Early-stage concessional support needs to also

be directed toward missing middle companies, those with a
track record but not yet able to access commercial capital, and
utility-scale projects constrained by the sovereign ceiling, paired
with explicit subsidy exit strategies to ensure long-term market
sustainability.

Innovative digital tools (geospatial planning, digital
procurement, PAYGO platforms, digital public infrastructure)
are cross-cutting market-making infrastructure that needs to be
sequenced early, since they directly determine the bankability
and transparency on which financing decisions in every other
chapter depend.

Effective capacity-building intervention in parallel with financing
and policy reform efforts, using sector-specific training plans
coordinated through a phased roadmap, is crucial, since
institutional and human capacity is the bedrock of the success
of solar energy deployment.

Local manufacturing represents a strategic opportunity for
Africa to move beyond being a consumer of solar technologies
and become an active participant in the global clean energy
value chain. By aligning industrial policies with growing solar
demand, regional integration, and investment, the continent
can strengthen energy security, create jobs, and capture greater
economic value.

Overall, the report’s findings support a single overarching
recommendation: Africa’s solar transition will scale rapidly

not through additional standalone pilots, but through effective
policy reform, blended finance, digital infrastructure, and
capacity building as one coordinated package, applied

across DRE, agriculture, utility-scale, and digitalisation, with
international and regional institutions playing a central role in
harmonising standards, mitigating risk, and enabling replication,
especially across the African countries that have so far seen the
least solar investment.

Finally, none of these recommendations need be built from a
blank page. Mission 300 and its 35 National Energy Compacts
already provide the political mandate, the five-pillar reform
architecture, the financing envelope, and the twice-yearly
monitoring rhythm that this report’s agenda requires. The
report’s thematic chapters align closely with the Compact



Conclusion

pillars: distributed renewable energy
and solar-powered agriculture support
last-mile access (Pillar 3); utility-scale
solar and One Grid Africa contribute

to competitive generation and regional
power integration (Pillars 1 and 2); the
financing ecosystem advances private-
sector participation (Pillar 4); while utility
digitalisation, institutional capacity
building, and local manufacturing
strengthen financially viable utilities,
domestic industrial capabilities, and the
institutional foundations underpinning
all five pillars, particularly Pillar 5.
African governments have already
signed the commitments, and more
than 50 million people have already
been connected. What this report adds
is the ‘how’: a sequenced, stakeholder-
assigned playbook translating national
commitments into scalable solar
deployment, strengthened local
industries, and continent-wide clean
energy transformation.

Way Forward

Based on the current pace of policy and
financing reform across the continent,
Africa is estimated to be capable of
reaching approximately 1,000 GW of
installed solar PV capacity by 2050, up
from roughly 22 GW today, with solar’s
share of total generation rising from
about 3-4% to roughly 40%. Achieving
this requires three sequenced phases,
backed by the actions proposed in the
roadmaps for each thematic area:

2025-2030: Lay the foundation.
Installing 100-200 GW of solar by

2030 means building three things at once: stable policy and
regulatory frameworks (clear licensing, fair tariffs, transparent
tenders); blended finance to lower Africa’s high cost of capital;
and stronger utility digitalisation (in metering, billing, revenue
collection). Distributed solar and agri-solar should scale
alongside utility-scale projects in this phase, since they reach
people and remote areas that utility-scale alone cannot.

2030-2040: Scale systemically. Growing from 200 GW to 500
GW means turning early financing innovations (e.g., aggregation,
securitisation) into standard practice and connecting power
grids regionally so countries can pool risk and demand rather
than relying solely on their own limited capital markets. This
phase should bring in the many underserved countries that
currently receive only a small share of solar investment.

2040-2050: Consolidate solar as the backbone. Reaching
1,000 GW shifts the challenge from building generation capacity
to managing it: storage, grid flexibility, and skilled institutions
become as important as the generation projects.

Throughout all phases, policy, finance, innovation and
digitalisation must move together. International and regional
bodies should lead this coordination: aligning policies, pooling
financial risk, and replicating proven models across the
continent so Africa’s solar transition functions as one connected
system rather than scattered national efforts.

The first horizon of this trajectory is deliberately co-terminous
with Mission 300: the 2025-2030 foundation phase is the
compact delivery window, and its 100-200 GW ambition
should be pursued through the compact machinery rather than
alongside it. The twice-yearly Compact Progress Report cycle
offers the continent a ready-made accountability rhythm for this
phase; ISA's Communities of Practice and the proposed Africa
Solar Facility should plug into that machinery, so that every
blueprint in this report lands on a signed national commitment
with a delivery unit, a reporting date and a financing line
already attached. The milestone of more than 50 million people
connected by mid-2026 demonstrates that the required pace is
achievable: the task for the decade is to hold it.

Table 28: Africa’s’ phased solar energy target

Yer MM-E_M

Total generation capacity (GW)
Total RE capacity (GW)

Solar PV capacity (GW)

RE share of generation (%)

Solar share of generation (%)

Source: RCREEE Analysis

1,200 2,000
62 200-300 750 1,400
22 100-200 ~500 ~1000
26% 40-50% 62.5% >70%
~3-4% 10-12% 15-16% ~40%
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Annex I: Economic Assessment of Solar Water Pumping
Systems: Comparative Case Studies from Ethiopia and
Uganda

This annex presents the detailed economic assessment underpinning the analysis of solar-powered
irrigation systems discussed in the report. Using representative case studies from Ethiopia and Uganda,

it compares conventional diesel-based irrigation systems with solar-powered alternatives across key
technical, financial, and environmental parameters. The assessment evaluates capital and operating
expenditures, life-cycle costs, levelised cost of electricity (LCOE), greenhouse gas emissions, fuel savings,
and investment payback periods under country-specific operating conditions. The results demonstrate the
long-term economic viability and environmental benefits of solar water pumping technologies and provide
gquantitative evidence to support policy formulation, investment planning, and large-scale deployment

of solar irrigation systems across Africa. The annex also presents an illustrative scenario assessing the
potential impacts of replacing one million diesel irrigation pumps with solar-powered systems.

In Ethiopia, the project implements an innovative lease-to-own business model where private solar
vendors cover 100% of the initial capital investment, and the community repays them through monthly
instalments over three to five years. A typical system, such as the one at the Chiri Sirba pilot site, features

a 27.3-kWp solar array powering alternating current (AC) pumps, with an expected system life of over 25
years. Financially, the model requires a 10% down payment from the community. To de-risk private sector
investment, the project provides results-based grants to developers, which have ranged from USD 2.00/
m*to USD 0.70/m* based on hydraulic duty. The economic analysis utilises a real discount rate of 4% and
accounts for a significant 12% differential fuel inflation rate, making solar highly competitive with a payback
period of less than two years.

In Uganda, the case study focuses on a Solar-Powered Water Pumping (SPWP) system optimised for rural
needs, utilising a 3.6-kW photovoltaic (PV) array (comprised of twelve 300W panels) coupled with a 10-
kWh battery storage system. This system is designed to meet a daily demand of 5,000 litres at a 25-meter
total pumping head, achieving an overall efficiency of approximately 68%. While the initial capital cost is
higher at USD 12,000 compared to USD 7,500 for diesel, the annual operating cost is drastically lower at
just USD 150, resulting in a 52% reduction in long-term expenditure over a 20-year service life. The model
demonstrates a payback period of approximately five years. To support scaling, the study recommends
government-led subsidies, grants, and tax incentives to lower the barrier for rural adoption.

Table A1: Comparative economic assessment of diesel and solar water pumping systems in Ethiopia and Uganda

System Description

Solar Irradiance kKWh/m?/day 5.52 5.2f
Power kW 27.3 27.3° 3.6 3.6
System efficiency % 68%:°

Days per year days/year 365°

CAPEX usD 53,000° 68,000° 7,500 12,000
Replacement 1* USD 11,177 2,892
Replacement 2** USD 8,329

OPEX maintenance USD/year 907° 429° 2,400 150
Diesel consumption L/year 18,217° 1,455

Diesel price USD/L 1.139¢ 1.649

OPEX fuel cost USD/year 20,749 2,400
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| Emiops | Ugnda

Parameter
Diesel | Solar __[Diosel _|Solar+BESS |

Life Cycle Cost (LCC)
Nominal Discount rate % 22%°
Actual discount rate % 49%° 10%:¢
Depreciation rate % 0.5%° 0.5%¢
Fuel escalation rate %/year 12%° 1.5%¢
NP_OPEX usD 210,454 6,536 22,856 1,583
LCC usD 282,960 74,536 33,247 13,583
% reduction usSD 74% 59%
Levelised Cost of Electricity (LCOE)
Annual energy kWh/y 37,267 4,646
Net present energy kWh 543,741 42,755
LCOE USD/kWh 0.520 0.137 0.778 0.318
Emission Savings
Emission kg CO2/L 2.66¢ 2.66
Emission saved kg CO2/year 48,485 3,874
Emission/kWh kgCO2/kWh 1.3 0.83
Tax and subsidies savings

170 OPEX savings USD/year 478 2250
Fuel Subsidies % 60%*®
Tax Excise Duty % 17%"
Subsidies savings USD/year 31,124
Diesel tax usSD 408
Total savings USD/year 31,602 2,658
Incremental cost usSD 15,000 4,500
Payback
SPB for new w/ subsidies years 0.3 1.7
SPB for new w/out subsidies years 0.7 2.0
SPB for rep w/ subsidies years 1.3 4.5
SPB for rep w/subsidies years 3.2 5.8

a case study in Ethiopia1
b Case study in Ethiopia 2

¢ Global petrol prices
d DEFRA 2025

e Ethiopian Subsidies

f Uganda Case Study 1
g Discount rate

h Tax rate in Uganda

** Note: For Ethiopia, the diesel generator service life is 7.5 years; thus, two replacements have been considered for the LCC analysis through 20 years.
While for Uganda, the diesel system service life is 10 years, only one replacement is considered.

Source: ISA & RCREEE Analysis


https://www.researchgate.net/publication/401188406_Solarizing_Community_Water_Supply_in_Ethiopia_Sustainable_Private_Sector_Development_Model 
https://www.globalpetrolprices.com/diesel_prices/
https://www.researchgate.net/publication/396925407_Design_And_Performance_Analysis_Of_A_Solar-Powered_Water_Pumping_System_For_Rural_Communities
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Benchmarks

Switching from diesel to solar systems results in significant total cost reduction of 59% to 74% over the
project lifetime. LCOE is significantly lower, ranging from 0.137 to 0.318 USD/kWh. The payback period for
solar integration remains highly attractive, falling between 1 year and about 5.5 years. The emissions intensity
of the baseline diesel generation ranges from 0.83 to 1.3 kg CO_/kWh.

Table A2: Economic and environmental comparison of replacing 1 million diesel pumps with solar pumps

Replacing million diesel pumps with solar pumps

Parameter Unit Diesel Solar
CAPEX billion USD 7.5 12
OPEX billion USD/year 2.4 0.15
LCC billion USD 33 14
LCOE USD/kWh 0.778 0.318
Emission saved kton COz/year 3,874
SPB Years 5.8
Productivity # Irrigated land is 3.2 times more productive than rainfed land
Water saved % 20% to 47% for Agrivoltaics
Job creation # 80,861

Source: ISA & RCREEE Analysis

Annex Il. Strategic Roadmap for Scaling Agrivoltaics in
Africa

Agrivoltaics, the co-location of solar photovoltaic systems with agricultural activities, offers a transformative
opportunity to simultaneously address Africa’s energy, food, water, and climate challenges. However,
scaling agrivoltaic systems requires more than technological readiness; it depends on coordinated policy
reforms, institutional capacity, enabling regulations, innovative financing, technical standards, and active
participation from public and private stakeholders. This annex presents a phased implementation roadmap
that outlines the key actions required across immediate, medium-term, and long-term time horizons. It
identifies the roles and responsibilities of major stakeholders, including governments, regulators, farmers,
private developers, financial institutions, and development partners, to support the systematic deployment
of agrivoltaic systems across the continent. The roadmap is intended to serve as a practical reference

for policymakers and practitioners seeking to establish an enabling ecosystem for large-scale agrivoltaic
adoption in Africa.
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Head of State /
Cabinet

Ministry of
Agri - Water

Ministry of
Energy &
Regulator

Farmers
Cooperative &
Smallholders

Developers &
Private Sector

Ministry of
Finance /
Financier /
DFI/ISA

ACTOR IMMEDIATE — Assess Potential &
Establish Foundations

Conduct a national Agri-PV
potential assessments.

Undertake policy, regulatory
and institutional gap
assessment.

Develop a national Agri-PV
roadmap/strategy.

Assess crop, livestock and
agro-climatic suitability.

Identify suitable agro-climatic
zones using GIS.

Assess irrigation infrastructure
and water availability.

Conduct farmer consultations
and needs assessment.

Assess grid proximity and
hosting capacity.

Assess grid, off-grid and hybrid
deployment options.

Clarify land-use and electricity
regulations.

Develop preliminary
interconnection guidelines.

Participate in pilot projects,
awareness programmes and
stakeholder consultations.

Identify operational
constraints and willingness
to adopt Agri-PV.

Form producer groups and
cooperatives.

Conduct site screening and
feasibility assessments.

Generate cost benchmarks
for different business models.

Evaluate suitable Agri-PV
configurations (height,
spacing, tracking, GCR).

Partner with farmers and
research institutions.

Support feasibility and
resource assessment studies.

Leverage the Africa Solar
Facility (ASF) to support
pilot financing and project
preparation.

Provide grants for pilot
preparation and technical
assistance.

Introduce Agri-PV policy
incentives.

Establish national Agri-PV
monitoring and evaluation
framework.

Set national deployment
targets.

Develop crop-specific Agri-PV
cultivation guidelines.

Train agricultural extension
officers.

Establish crop yield, water-use
and soil health monitoring
protocols.

Develop grid integration
standards for Agri-PV.

Strengthen distribution
infrastructure where required.

Develop model PPAs and
regulatory guidelines.

Develop farmer-led
demonstration sites.
Strengthen technical skills
for system operation and
maintenance.

Collect operational and
performance data from pilot
projects.

Develop standardized
engineering designs.

Expand EPC and service
networks.

Introduce viability gap
funding where required.
Develop risk-sharing
instruments for early-stage
projects.

Mobilise private investment.

Figure A1: Strategic roadmap for scaling agrivoltaics in Africa

Source: ISA Analysis

LONG TERM — sustain

& optimise

Periodically review and
update Agri-PV policies
based on implementation
experience.

Position Agri-PV as a core
climate-smart agriculture
strategy.

Develop national Agri-PV best
practice manuals.

Embed Agri-PV within national
agricultural programmes.

Institutionalise long-
term productivity and
environmental monitoring.

Periodically update technical
standards and grid codes.

Establish certification
and quality assurance
mechanisms.

Facilitate regional
cooperation on Agri-PV
standards, capacity building
and knowledge sharing.

Develop farmer-led Agri-PV
enterprises.

Integrate Agri-PV into local
value chains.

Participate in Agri-PV
knowledge-sharing networks.

Develop local technology
innovation and digital
monitoring solutions.

Invest in local manufacturing.

Strengthen after-sales service
ecosystem.

Create dedicated Agri-PV
investment facilities.

Develop green bonds and
climate finance mechanisms.

Promote results-based
financing and carbon finance
opportunities.
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Annex lll: Selected national electric mobility policies

and incentives in Africa

Policy or incentive description Type of policy m

Ethiopia

Rwanda

Ghana

Kenya

Nigeria

Egypt

Morocco

South
Africa

Mauritius

Zambia

Zimbabwe

Cameroon

Cote
d’lvoire

Ban on imported ICE vehicles (fully built units from January
2024; expanded to SKD/CKD kits May 2025); broad tax
exemptions for EVs including duty-free assembly kits

0% import duty on EVs and charging equipment; VAT waivers
for locally assembled EVs; ban on new petrol motorcycle
registrations in Kigali from 2025

National Electric Vehicle Policy launched at COP28; phased
targets aiming for 35% EV penetration by 2035 and an end to
new petrol and diesel vehicle sales by 2045

National Electric Mobility Policy to accelerate EV adoption and
infrastructure deployment; zero-rated VAT on electric buses,
motorcycles and lithium-ion batteries

National Automotive Industry Development Plan 2023 includes
EV provisions targeting 30% local EV production by 2033;
Electric Vehicle Transition and Green Mobility Bill passed
second Senate reading October 2025 but is not yet law

Vision 2030 strategy targets phase-out of petrol and

diesel vehicles by 2040; customs duty exemptions on EV
components under Ministerial Resolution 255/2018; subsidies
of up to EGP 50,000 for locally produced EVs

VAT exemptions and reduced customs duties; plans for 5,000
charging stations by 2028; USD 15 billion in EV and battery
manufacturing investment including BYD facility in Kenitra

150% tax deduction on qualifying EV manufacturing
investment (Section 12V of the Income Tax Act); USD 54
million committed to support local EV and battery production

Duty-free imports and excise duty rebate of up to Rs 200,000 for
EV purchases introduced in 2022; incentives partially reversed
from June 2025 with reintroduction of excise duty on EVs

0% customs duty on EVs and related equipment; excise duty
reductions for hybrid vehicles

Import duty on EVs reduced from 40% to 25%; ICE vehicles
remain subject to 40% import duty

Finance Law 2025: 50% reduction in taxable value for EVs,
motorcycles, batteries and charging stations for 24 months;
exemption from excise duty and road tax

Decree No. 326/2024 promoting electric mobility establishes
conditions for EV import, assembly and production, and
development of charging infrastructure; target of 10% EV fleet

share by 2030

Import restriction
and tax incentives

Fiscal incentives
and regulatory
restriction

National EV policy

National EV
policy and fiscal
incentives

Automotive

development plan

with EV provisions;
pending legislation

National strategy
and fiscal
incentives

Manufacturing
incentives and
industrial policy

Manufacturing tax
incentive

Fiscal incentives

(partially reversed)

Fiscal incentives

Fiscal incentives

Fiscal incentives

National EV
decree

January 2024
(expanded
May 2025)

Active by 2025
and ongoing

2 December
2023

4 February
2026

2023 (plan);
2025 (bill, not
yet enacted)

Ongoing from
2018; Vision
2030 target

Ongoing from
2023

Effective 1
March 2026

From 20283;
partial reversal
2025

From 2024

From 2024

Effective 1
January 2025

Adopted May
2024

173



174

Annexure

Annex IV: Kenya Battery Swapping with RE: behind the
meter, swap station model/ pathway

Kenya’s EV market is growing rapidly with annual registrations increased from 796 in 2022 to 24,754 in 2025.
There are cumulatively 35,000+ EVs in 2025 dominated by electric two-wheelers (e-2W) with ~33,000+ units
representing nearly 94% market. To meet this growing demand of e-2Ws, Kenya’s battery-swapping network
has expanded across urban and rural areas and has ~630+ public battery-swapping stations/cabinets
across key market players including Spiro, Ampersand, ARC Ride, Roam, Ecobodaa, Kiri EV, STIMA Mobility,
eWAKA, FIKA Mobility and Powerhive. Kenya’s battery-swapping network is expected to expand significantly
to at least 3,000+ stations by 2030.

Case Study 1: Battery Swapping Station with Solar

= Atypical urban battery-swap station serving around 150 riders/swaps per day is configured with 30
battery-charging slots resulting in an estimated daily energy demand of around 486 kWh/day (each battery
capacity is 3.24 kWh)

= Typical solarinstallation is around 30% of the station’s total demand (in this case 30 kWp rooftop solar
system generating 150 kWh/day)

= Under grid-connected operation, the electricity tariff to Charge Point Operator (CPO) is KES 16/kWh during
peak hours and KES 8/kWh during off-peak hours. With solar integration, the tariff can be up to KES 10/
kWh, thereby improving economic viability mainly by reducing dependence on peak-hour grid electricity.

= As ascalable solar-powered charging solution, a CPO with multiple battery-swap stations can aggregate
EV charging demand and explore RE power sourcing through open access. Kenya’s open access eligibility
requires a minimum load of 1 MVA on the distribution system subject to regulatory approval, wheeling
charges, network-use charges and the final commercial structure.

= |n addition to grid-connected urban battery-swap stations, rural and county-level battery swap stations
are also emerging as an important growth opportunity in Kenya’s e-mobility market, especially in areas
where boda-boda (2W) is popular for commercial transport but grid access is weak or unreliable. These
rural stations are primarily powered by mini-grid or off-grid solar systems and several players have
successfully deployed these solutions and are expanding.

= Wi gy

— - 3
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Credit: Roam Electric Battery Swap Station




Annexure

Annex V: Kenya e-Bus charging with RE: grid connected
solar charging model/ pathway

Kenya has over 100 electric buses operating on public transport and school routes, primarily in and around
Nairobi. The leading local manufacturer, BasiGo, leads this sector and has a fleet of 152 buses across

two countries Kenya and Rwanda, operates one of the region’s largest DC fast-charging networks with

11 charging stations in Kenya and is targeting 1,000 e-buses by 2027. In addition, Roam is also adding to
Kenya’s e-bus market with a plan to deploy 200 e-buses across Kenya by end-2026.

BasiGo supports public transport operators such as Royal Express and KBS through its Pay-As-You-Drive
model, offering two business options: (i) Full Electric Bus Lease and (ii) Battery Lease. Under the Full Electric
Bus Lease, operators lease the entire e-bus with a KSH 1 million security deposit and pay KSH 70/km. Under
the Battery Lease model, operators purchase the e-bus without the battery at around KSH 7.5 million and
lease the battery from BasiGo at KSH 44/km. Both models include services such as charging at BasiGo depots,
night inspection and cleaning, free maintenance/service at every 15,000 km intervals, roadside assistance,
comprehensive insurance, bus monitoring and analytics through PAYD and a 90% monthly uptime guarantee.

Case Study 2: e-Bus Charging Station with Solar

= Atypical e-bus charging hub has 6 DC fast chargers with charger capacity up to 160 kW, resulting in an
estimated daily charging demand of around 4,600 kWh/day including 10% charging losses for a hub serving
20 buses/day (each e-bus have a battery capacity of around 176-210 kWh)

= Atypical solar-integrated e-bus charging hub can install 300 kWp rooftop/canopy solar generating around
1,500 kWh/day (based on 1 kWp = 5 kWh/day) and can meet ~30% of daily charging demand. This can
be paired with BESS to shift daytime solar energy, reduce peak-grid draw, improve charging reliability and
support buses returning outside solar-generation hours.

175

= Under grid-only operation, these charging hubs use Kenya’s e-mobility tariff of KES 16/kWh during peak
hours and KES 8/kWh during off-peak hours. With partial solar integration, the blended tariff can be
reduced around KES 13-14/kWh. Solar integration is most financially attractive when it offsets daytime or
peak-period charging and night charging can still use off-peak grid tariff, creating a hybrid operating model
where it uses solar during the day and low-cost grid electricity at night.

= Alarger charging hub with 10 chargers x 160 kW can have a connected charging load of 1.6 MW, which
may allow renewable power sourcing through open access as Kenya’s open access eligibility requires a
minimum load of 1 MVA (~0.9 MW) on the distribution system, subject to approvals, wheeling charges and
commercial structure.

= Solar-integrated charging can improve operational and financial viability by reducing peak-grid
dependence, lowering energy cost per bus-km, supporting larger fleet deployment and strengthening the
climate-finance case for scaling electric public transport in Kenya.

Credit: BasiGo e-Bus Charging Station
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Annex VI: Comparative Electricity-Sector Regulatory
Analysis

Background

Electricity markets across Africa are evolving as governments seek to expand renewable-energy deployment,
improve grid efficiency and enable greater consumer participation. Against this background, this Annex
compares the operative regulatory and tariff frameworks in Ethiopia, Uganda, Rwanda, Kenya, Senegal and
The Gambia, focusing on net metering, time-of-use tariffs, green open access or equivalent arrangements,
and high-tension/low-tension classification thresholds. It identifies established mechanisms and remaining
regulatory gaps based on legal instruments, tariff decisions and other publicly available information current
to August 2026.

Method and Important Qualifications

=  “Operative” means that a specific law, regulation, tariff decision or implementation instrument has
commenced. A general power to regulate, a renewable-energy target or a proposal does not qualify.

= “Net metering” means an arrangement in which exported electricity generates bill credits. A feed-in tariff
or cash purchase of surplus electricity is reported separately.

= USD conversions are indicative and rounded. They do not alter the legally applicable local-currency tariffs.

FX rates used for USD conversions

Ethiopia ETB 159.9833/USD — National Bank of Ethiopia, 7 Aug 2026

Lo UGX 3,777t81/USD — Bank of Uganda reference dated 29 May 2026, reproduced in ERA’s Q3-2026
determination

Rwanda RWEF 1,468.93/USD — midpoint of NBR’s 6 Aug 2026 buy/sell quotes, NBR exchange-rate portal

Kenya KES 129.39/USD — Central Bank of Kenya, 7 Aug 2026

Senegal XOF 568.25/USD — midpoint of BCEAO’s 7 Aug 2026 buy/sell quotes, BCEAO

The Gambia  GMD 73.01/USD — Central Bank of The Gambia, current quote at the cutoff

Comparison across the six countries

Headline comparison across the six countries

Direct renewable
Country | Net metering ToU retail tariff Practical HT/LT split
procurement / open access

No operative ToU LV 230/400 V; industrial
L . o schedule identified; No end-consumer open- categories historically
Eth N tif
. one identified smart-meter/ToU work access framework LV, 15/33 kV MV, and
remains developmental above 66 kV HV
Operative Operative for Operative bulk direct-supply LV 415V through 500
Uganda beplovv 50(; W commercial and regime; 21,500 kVA and up to kVA; HV 11/33 kV above
industrial customers 30% direct procurement 500 kVA
Operative industrial Enabling law exists, but LV 230/400 V; MV
Rwanda None identified ToU maximum-demand  no operational customer- principally 15/30 kV; no

tariff switching/wheeling framework  universal load threshold


https://api.nbe.gov.et/api/filter-exchange-rates?date=2026-08-07
https://www.era.go.ug/era-approves-electricity-tariffs-for-the-third-quarter-of-2026/
https://www.era.go.ug/era-approves-electricity-tariffs-for-the-third-quarter-of-2026/
https://www.bnr.rw/exchangeRate
https://www.centralbank.go.ke/forex/
https://www.bceao.int/
https://www.cbg.gm/indicative-exchange-rates
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Direct renewable
Country | Net metering ToU retail tariff Practical HT/LT split
procurement / open access

Operative,

Kenya below 1 MW

No credit-based
net metering;
regulated
surplus sale
exists

Senegal

The Under
Gambia development

Operative 2026 open-
access regulations; 21 MVA
distribution or 210 MVA
transmission

Operative commercial/
industrial and
e-mobility ToU

Operative third-party
transmission access; current
eligibility threshold 50 MW

Operative BT/MT/HT
two-period tariff

None identified; IPP/FIT sales
to NAWEC are not consumer
open access

None identified

Overall Conclusions

= Strongest operative combination: Kenya has both net metering and a newly operative open-access
regime. Uganda also has both, although its direct-supply regime is limited to very large consumers and

30% procurement.

240/415 V LV; tariffed
MV/HT starts at 11 kV

Tariff classes BT/MT/HT;
no universal connected-
load threshold
published

LV 230/400 V, MV
11/30/33 kV; retail
tariff not voltage-
differentiated

= ToU maturity: Uganda, Rwanda, Kenya and Senegal have operative differentiated tariffs. Rwanda uses
time-differentiated maximum-demand charges; Kenya and Senegal have no shoulder period; Uganda’s
current public tariff table omits reliable clock definitions.

= Surplus sale is not net metering: Senegal permits licensed cash sale of limited surplus but does not

provide bill-credit net metering. The Gambia’s FIT likewise concerns sales to the utility.

= No verified net metering: Ethiopia, Rwanda, Senegal in the strict credit-based sense, and The Gambia.

= No operational consumer open access: Ethiopia, Rwanda and The Gambia.

= HT/LT classifications are mostly voltage-based: Uganda provides the clearest load-linked transition

at 500 kVA. Kenya starts MV/HT tariff service at 11 kV. Ethiopia, Rwanda, Senegal and The Gambia do not
publish a single universal connected-load boundary applicable to all consumers.

1. Ethiopia

1.1 Net Metering

No operative regulation identified as of August 2026.

The Energy Proclamation No. 810/2013—Federal Government, published 27 January 2014 and effective on

publication—and the Council of Ministers Energy Regulation No. 447/2019 provide the general licensing,
tariff and network-service framework. Neither establishes retail net metering, export-credit accounting or a

right for a customer-generator to offset imports.

1.2 Time-of-Use (ToU) ariffs

No operative regulation identified as of August 2026.

The Ethiopian Energy Outlook 2025, describes ToU pilots and prospective implementation for large
commercial and industrial consumers. EEU’s 500,000-smart-meter programme’ announcement, dated 26
March 2026, provides implementation infrastructure but does not itself establish a ToU tariff.

" EEU Implementing 48.8 million USD worth project to install 500 thousand Modern Energy Meters
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https://justice.gov.et/en/law/energy-proclamation/
https://justice.gov.et/en/law/council-of-ministers-energy-regulation-council-of-ministers-regulation-no-447-2019/
https://www.ea-energianalyse.dk/wp-content/uploads/2025/06/Ethiopian-Energy-Outlook-2025.pdf
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1.3 Green Open Access or Equivalent
No operative regulation identified as of August 2026.

The 2013 Proclamation and 2019 Regulation allow licensed private generation, PPAs, network-service
agreements and sales into the national system. In practice, IPPs contract with Ethiopian Electric Power. That
framework does not give an end consumer a right to select an off-site renewable generator, wheel electricity
through the public network or form a group-captive arrangement.

1.4 HT versus LT Threshold

Ethiopia’s classifications are primarily voltage-based, rather than defined by one universal connected-load
threshold:

Technical definition Older EEU industrial tariff category

LV Up to 400V LV industry, generally supplied at 220/380 V
MV Above 400 V up to 33 kV Industry supplied at 15 kV or 33 kV
HV Above 33 kV Tariff category described as supply “above 66 kV”

Ethiopia’s statutory electricity classifications are voltage-based: low voltage is up to 400 V, medium voltage
is above 400 V and up to 33 kV, and high voltage is above 33 kV. Separately, the older published EEU
industrial tariff schedule classified industrial consumers as low-voltage industry, medium-voltage industry
supplied at 15 kV or 33 kV, and high-voltage industry supplied above 66 kV. These tariff categories should not
be treated as the statutory boundaries between LV, MV and HV. No single nationally prescribed connected-
load threshold separating these voltage classes was identified.

2. Uganda
2.1 Net Metering

Uganda has a legally operative net-metering framework under the Electricity (Net Metering) Regulations,
20242 (S.1. No. 14 of 2024), made by the Electricity Regulatory Authority on 9 January 2024 and published in
the Uganda Gazette on 2 April 2024.

Under Uganda’s Electricity (Net Metering) Regulations, 2024, all customers supplied by a distribution
licensee—including residential, commercial and industrial consumers—may participate using eligible
renewable-energy technologies. Installed capacity must be below 500 kilowatts (kW), must not exceed the
customer’s maximum demand recorded during the preceding 12 months (or the allowed demand where
maximum demand is not recorded), and remains subject to network constraints and an aggregate cap of 5%
of system peak demand.

A bidirectional meter verified by the Uganda National Bureau of Standards (UNBS) and capable of time-of-
use (ToU) metering is required. The prosumer bears the metering and interconnection costs. Exports receive
an 80% kilowatt-hour (kWh) credit against energy charges only, with no cash compensation. Credits roll over
monthly but lapse at financial year-end, upon ownership change or termination.

2.2 Time-of-Use Tariffs

Uganda has operative ToU retail tariffs for commercial and interval-metered industrial customers. ERA’s Q3-
2026 tariff approval wasissued 7 July 2026 and applies to meter readings or prepaid purchases from July through
September 2026. UEDCL publishes the detailed approved schedule. Rates are energy-only rates in UGX/kWh;

2 The Electricity (Net Metering) Regulations, 2024


https://www.era.go.ug/era-approves-electricity-tariffs-for-the-third-quarter-of-2026/
https://www.era.go.ug/era-approves-electricity-tariffs-for-the-third-quarter-of-2026/
https://www.uedcl.co.ug/approved-tariffs/
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Uganda Q3-2026 ToU retail tariff (UGX/kWh, USD equivalent)

Commercial, three-phase LV <100 A UGX 666.5 ($0.1764) 562.1 ($0.1488) 429.7 ($0.1137)
Medium manufacturing, 415 V, <500 KVA 436.7 ($0.1156) 363.8 ($0.0963) 284.3 ($0.0753)
Medium service, 415V, <500 kVA 508.6 ($0.1346) 423.9 ($0.1122) 331.5($0.0877)
Large manufacturing, block 1 378.2($0.1001) 308.1 ($0.0816) 239.3 ($0.0633)
Large manufacturing, declining block 2 356.7 ($0.0944) 290.6 ($0.0769) 225.8 ($0.0598)
Large service 428.8 ($0.1135) 357.0 ($0.0945) 286.5 ($0.0758)
Extra-large manufacturing 233.2($0.0617) 207.7 ($0.0550) 188.7 ($0.0499)
Extra-large service, 210,000 kVA 310.3 ($0.0821) 207.7 ($0.0550) 188.7 ($0.0499)

The latest retail schedule does not reproduce the clock-time definitions. Older primary and utility documents
use differing descriptions, and a generation-PPA block definition cannot safely be substituted for retail billing
periods. Consequently, reliable August 2026 retail peak/shoulder/off-peak clock times were not identified.

2.3 Green Open Access or Equivalent

Uganda’s equivalent is the Electricity (Supply of Electricity in Bulk to Specified Consumers) Regulations,
2022, Statutory Instrument 136 of 2022, made 27 December and gazetted 30 December 2022.

Eligibility

= Seller may be a generation licensee, bulk supplier or generator with uncontracted capacity.

= Capacity already committed under an existing PPA is unavailable unless that PPA expires or is amended.
= Aconsumer may also use an off-site owned generator.

= ERA’slatesteligible-consumer notice register retains an average-demand threshold of at least 1,500 kVA.

= Aneligible national-grid customer may directly procure up to 30% of its demand.

2.4 HT versus LT Threshold

The current UEDCL tariff schedule provides the clearest operative boundary:

= Domestic LV: single-phase, 240 V.

= Commercial LV: three-phase, not exceeding 100 A.

= Medium LV: 415V, maximum demand up to 500 kVA.

= Large HV: 11 kV or 33 kV, demand above 500 kVA and up to 1,500 kVA.

= Extra-large HV: 11/33 kV, average demand at least 1,500 kVA for manufacturing; the service subclass

begins at 10,000 kVA.

Thus the practical tariff threshold is above 500 kVA, when service moves from 415-V LV to 11/33-kV HV.
HV customers require demand/interval metering, dedicated transformation and switchgear, protection
coordination and grid-code-compliant connection facilities.
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https://www.era.go.ug/download/the-electricity-supply-of-electricity-in-bulk-to-specified-consumers-regulations-2022/
https://www.era.go.ug/download/the-electricity-supply-of-electricity-in-bulk-to-specified-consumers-regulations-2022/
https://www.era.go.ug/notices/
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3. Rwanda
3.1 Net Metering
No operative regulation identified as of August 2026.

The RURA electricity regulatory-instrument register lists the Electricity Law, licensing rules, Grid Code and quality-
of-service instruments but no net-metering regulation, credit formula or standard net-metering agreement.

A 2024 Rwanda C&l solar regulatory guide similarly notes the absence of specific solar-PV/net-metering
regulation. Itis corroborative, not the source of law.

3.2 Time-of-Use Tariffs

Rwanda’s current tariffs were adopted in RURA Decision No. 01/BD/ER-ENERGY/RURA/2025, dated 14
September 2025 and effective 1 October 2025. REG/EUCL publishes the same rates on its current tariff page.

ToU operates through time-differentiated maximum-demand charges for smart-metered post-paid industrial
customers; the energy rate itself is constant across periods.

Rwanda industrial ToU maximum-demand tariff (effective 1 October 2025)

Industrial class Peak MD Shoulder MD | Off-peak

Small, 5,000-100,000 kWh/year RWF 175/kWh  RWF 11,017/kVA/ 4,008 ($2.73)
($0.1191) month ($7.50)

Medium, >100,000-<1 million kWh/year 133 ($0.0905) 10,514 ($7.16) 3,588($2.44) O

Large, =1 million KWh/year 110 ($0.0749) 7,184 ($4.89) 2,004 ($1.36) O

Steel, mining and cement, =1 million kWh/year 97 ($0.0660) 7,184 ($4.89) 2,004 ($1.36) O

Time periods: Peak: 18:00-22:59, Off-peak: 23:00-07:59 and Shoulder: 08:00-17:59.

3.3 Green Open Access or Equivalent
No operative regulation identified as of August 2026.

The Electricity Law No. 21/2011, published in 2011 and effective on Gazette publication, permits licensing
for production, supply and sale and contains high-level concepts under which large customers might
eventually procure directly.

However, RURA’s current market description states that EUCL retains transmission, distribution and sale
functions for national-grid customers.

3.4 HTversus LT Threshold?®

Rwanda does not publish one universal connected-load threshold separating LT from HT consumers.
Current technical classifications are:

= LV:nominal 230/400 V.

= MV: principally 15 kV and 30 kV.

= Higher transmission voltages apply to bulk-network connections.

3 REG’s Distribution Reticulation Standards, Version VII, issued in 2025, and RURA’s Electricity Quality of Service Regulations


https://www.rura.rw/sectors/energy/sub-sectors-and-services/electricity
https://www.giz.de/en/downloads/giz2024-en-rw-pdp-regulatory-guide-rz-bf.pdf
https://www.rura.rw/fileadmin/user_upload/RURA/Documents/Sectors/Energy/Regulatory_Instruments/Energy_Board_Decisions/Decision_revising_the_end_user_electricity_tariffs_in_Rwanda_effective_October_2025.pdf
https://www.reg.rw/customer-service/tariffs/
https://www.rura.rw/fileadmin/user_upload/RURA/Documents/Sectors/Energy/Regulatory_Instruments/Laws_and_Orders/ELECTRICITY_LAW_RWANDA_01.pdf
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4. Kenya
4.1 Net Metering

Kenya’s framework is the Energy (Net-Metering) Regulations, 2024, Legal Notice 104 of 2024. It commenced
on 18 July 2024 and was published in the Kenya Gazette on 26 July 2024.

Eligibility and limits

= Renewable-energy systems below 1 MW.

=  Domestic single-phase: maximum 4 kW.

= Domestic three-phase: maximum 10 kW.

=  Commercial and industrial: maximum 1 MW, but not above the customer’s maximum demand in the
preceding 12 months or contracted demand.

= Multiple meters at one facility are aggregated.

= National programme cap: 100 MW for the first five years, subject to regulatory review.

4.2 Time-of-Use Tariffs

The operative basis remains Gazette Notice No. 3899, Schedule of Tariffs 2023, issued by EPRA on 24 March
2023, effective 1 April 2023. Its Part |l rates took effect on 1 July 2025. No replacement schedule had taken
effect by 7 August 2026.

Applicable base and off-peak energy rates are:

Kenya ToU energy and demand charges by category

Category / voltage Off-peak rate Demand charge

SC3, 100-15,000 kWh/month KES 19.00/kWh ($0.1468)  9.50 ($0.0734)  None
E-mobility 16.00 ($0.1237) 8.00($0.0618)  As applicable to connection
ClI1, 415V, >15,000 kWh/month 13.44 ($0.1039) 6.72 ($0.0519)  KES 1,100/kVA/month ($8.50)
Cl2, 11kV 12.16 ($0.0940) 6.08 ($0.0470) 700 ($5.41)
CI3, 33 kV 11.68 ($0.0903) 5.84($0.0451) 370 ($2.86)
Cl4, 66 kV 11.42 ($0.0883) 5.71($0.0441) 300 ($2.32)
CI5, 132 kV 11.16 ($0.0863) 5.58 ($0.0431) 300 ($2.32)
Cl6, 220 kV 10.00 ($0.0773) 7.42($0.0573) 200 ($1.55)
Cl7, special economic zones 10.00 ($0.0773) 7.42 ($0.0573) 200 ($1.55)
Periods:

= Weekdays: 22:00-06:00.

= Saturdays and public holidays: 14:00-08:00 the following day.
= Sundays: all day.

= No shoulder period.

For SC3 and most Cl customers, the off-peak discount applies only to consumption exceeding the
prescribed baseline—normally the prior six-month average plus 6%; special initial rules apply to new
consumers. Cl6 and Cl7 are not on a 50% discount, despite general descriptions of Kenya’s ToU programme
as “half price.”
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https://new.kenyalaw.org/akn/ke/act/ln/2024/104/eng%402024-07-26/source.pdf
https://www.tatucity.com/wp-content/uploads/2023-EPRA-KPLC-Tariff-Gazette-Notice-Special-Issue.pdf
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= Participation: automatic for an eligible ToU-metered customer when qualifying off-peak consumption
occurs; not a separately contracted green tariff.

= Authority/utility: EPRA approves; Kenya Power meters and bills.

Kenya Power’s 2026 e-mobility transition notice confirms continuing implementation.

4.3 Green Open Access or Equivalent

Kenya enacted the Energy (Electricity Market, Bulk Supply and Open Access) Regulations, 2026, Legal
Notice 79 of 2026, commenced and published 8 May 2026. EPRA also hosts the official PDF.

The regulations are technology-neutral but permit renewable corporate procurement.
Eligibility

= Distribution-connected consumer: contracted capacity of at least 1 MVA.

= Transmission-connected consumer: at least 10 MVA.

= Consumer may contract with a licensed generator for bulk supply.

Implementation: the legal right is operative, but the market was only three months old at the cutoff. No
authoritative register of completed corporate renewable PPAs was located.

4.4 HT versus LT Threshold

Kenya’s current tariff and connection classes are voltage-based:
= Domestic/small commercial: 240 or415V.

= CI1:415V, generally above 15,000 kWh/month.

= Cl2: 11 kV.
= CI3:33kV.
= Cl4: 66 kV.
= CI5: 132 kV.
= Cl6: 220 kV.

There is no universal statutory connected-load threshold that converts every customer from LT to HT. In tariff
practice, supply above 415V begins at 11 kV and is treated as MV/HT service.

5. Senegal
5.1 Net Metering and Surplus Sale

No operative regulation identified as of August 2026 for credit-based net metering.
Senegal instead has an operative surplus-sale/net-billing framework under:

= |aw No. 2021-31 of 9 July 2021 establishing the Electricity Code, Government of Senegal, effective on
publication; and

= Decree No. 2023-286 concerning electricity self-generation, issued in 2023 and effective on publication.

Eligibility and capacity

Self-generation is subject to declaration below:
= 500 kW for thermal, hydro or wind;

= 1 MW for solar thermal/PV;

= 2 MW for biomass/waste; and

= 2 MW for other technologies.

Above those levels a self-generation licence is required. Any sale of surplus requires a surplus-sale
licence, irrespective of the self-generation declaration threshold.


https://newsroom.kplc.co.ke/articles/kenya-power-kicks-off-customer-transition-to-e-mobility-tariff
https://kenyalaw.org/akn/ke/act/ln/2026/79/eng@2026-05-08
https://www.epra.go.ke/sites/default/files/2026-05/Electricity%20Market%2C%20Bulk%20Supply%20and%20Open%20Access%20Regulations%202026.pdf
https://energie-mines.gouv.sn/sites/LOIS-DECRETS-ARRETES/ENERGIE/LOIS-ENERGIE/Loi-n%C2%B02021-31-du-9-juillet-2021-portant-Code-de-l_Electricite.pdf
https://energie-mines.gouv.sn/sites/LOIS-DECRETS-ARRETES/ENERGIE/DECRETS-ENERGIE/D%D0%92cret-2023-286-%20Activite-autoproduction-Energie.pdf
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For a surplus-selling installation:

domestic installed capacity may not exceed 120% of peak demand;

professional/industrial capacity may not exceed 110% of equipment nominal demand; and

annual exports may not exceed 10% of annual consumption.

5.2 Time-of-Use Tariffs

CRSE’s Senelec tariff schedule dated 26 December 2025 took effect 1 January 2026.

Periods:
Off-peak: 23:00-24:00 and 00:00-19:00.

Senegal Senelec ToU tariff (effective 1 January 2026)

Peak: 19:00-23:00.

No shoulder period.

XOF 956.13/kW/month

BT domestic, high-power option

BT professional, high-power option

MT short-use/TCU
MT general

MT long-use

HT general

HT backup

XOF 118.37/kWh
($0.2083)

140.74 ($0.2477)
155.50 ($0.2736)
111.91 ($0.1969)
91.93($0.1618)
71.43 ($0.1257)

95.12 ($0.1674)

170.53 ($0.3001)

232.23 ($0.4087)
248.28 ($0.4369)
184.65 ($0.3249)
151.72 ($0.2670)
108.52 ($0.1910)

144.49 ($0.2543)

($1.68)

2,868.39 ($5.05)
961.76 ($1.69)
4,093.60 ($7.20)
9,880.54 ($17.39)
10,028.90 ($17.65)

4,458.61 ($7.85)

Participation: mandatory within the selected/subscribed high-power, MT or HT tariff option. Itis not a

casual opt-in discount.

Authority/utility: CRSE sets the tariff; Senelec implements it.

5.3 Green Open Access or Equivalent

Senegal now has an operative transmission third-party-access framework.

The Electricity Code, particularly its eligible-customer and network-access provisions, allows an eligible
consumer to buy from an independent producer at a bilaterally negotiated energy price. The contract is
submitted to CRSE; the network-access tariff remains regulated.

Eligibility and inconsistency between official instruments

An older Order No. 006242 of 29 March 2024 used a 75-MW starting threshold and a staged reduction. It
was superseded by Order No. 027819 of 5 November 2024, which reduced the current threshold to 50 MW.

The later order is referenced in CRSE’s official 2024 opinion and subsequent decisions, including CRSE
Opinion No. 35/2024 and Decision No. 2026-06. The continued availability of the 75-MW instrumenton a
ministry webpage is therefore misleading; the later 50-MW order is legally controlling.

The customer must be connected to the transmission system and receive eligible-customer status.

HT versus LT Threshold

The operative Senelec tariff uses three supply groups:

5.4

BT — basse tension: low-voltage retail service.

MT — moyenne tension: medium-voltage service.

HT — haute tension: high-voltage service.
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https://www.crse.sn/wp-content/uploads/2025/12/Grilles-tarifaires-Senelec-et-CER-applicables-a-compter-du-1er-janvier-2026.pdf
https://energie-mines.gouv.sn/lois-decret-arrete-energie/
https://www.crse.sn/wp-content/uploads/2025/04/AVIS-N%C2%B035-2024.pdf
https://www.crse.sn/wp-content/uploads/2025/04/AVIS-N%C2%B035-2024.pdf
https://www.crse.sn/wp-content/uploads/2026/02/DECISION-N%C2%B0-2026-06.pdf
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The current tariff schedule does not prescribe a universal connected-load number separating them.
Senegal’s network operates standard LV around 230/400 V, distribution MV including 6.6/30 kV
configurations, and transmission principally at 90 and 225 kV. The precise connection voltage is determined
through Senelec’s connection study and the network configuration.

6. The Gambia
6.1 Net Metering

No operative regulation identified as of August 2026.

The Renewable Energy Act 2013, enacted in 2013, supplies general powers for renewable generation, grid
connection and tariff support but does not establish a complete net-metering mechanism.

PURA held a distributed-generation and net-metering stakeholder process on 24-25 March 2026. This
confirms that the substantive framework was still being developed.

The draft PURA Unified Fees Regulations 2026 define “net-metering operator” and propose a registration
fee of GMD 5,000 ($68.48). However, the instrument states that it commences only on a date appointed by
ministerial Gazette notice; no such commencement notice was identified; and a fee regulation alone would
not establish capacity, metering, credit or settlement rules.

6.2 Time-of-Use Tariffs

No operative regulation identified as of August 2026.

PURA’s current electricity tariff page shows flat or consumption-block tariffs, without peak, shoulder or off-
peak periods and without ToU demand charges.

6.3 Green Open Access or Equivalent
No operative regulation identified as of August 2026.

The Electricity Act and Renewable Energy Act permit licensed generation and sales to the national utility.
The government’s National Energy Policy discusses market development and possible open access, but
no implementing regulations were located that give an end consumer a legally enforceable right to buy
renewable electricity from a third-party generator through NAWEC’s network.

6.4 HT versus LT Threshold

No current statutory connected-load threshold separating LT and HT retail consumers was identified.

The system’s principal voltage classes are approximately:

= LV:230/400 V.

= MV: 11kV, 30 kV and 33 kV depending on network area.

= Regional/bulk transmission: 225 kV on the OMVG interconnection.

The current PURA retail tariff is based on consumer use—domestic, commercial, hotel/industry, agriculture

and government—rather than connection voltage. It does not prescribe separate LT and HT energy or
demand tariffs.

The government’s Electricity Sector Strategic Roadmap describes these network levels, but it does not
create a statutory kW/kVA boundary for consumer classification.


https://faolex.fao.org/docs/pdf/gam134879.pdf
https://pura.gm/pura-hosts-stakeholders-on-distributed-generation-and-net-metering/
https://pura.gm/wp-content/uploads/2026/04/PURA-Unified-Fees-Regulations-2026.pdf
https://pura.gm/economic-regulations/tariff/electricity-tariff/
https://www.mope.gm/download-file/2cf01aab-d270-11ea-94db-022a5fa1767e
https://policies.gov.gm/d/f146244b-8629-11ef-b086-029254d29bb1
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