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EXECUTIVE SUMMARY

The global imperative for universal energy access, particularly within the African continent, necessitates the implementation
of innovative, resilient, and inclusive strategies. This roadmap delineates a strategic framework for the sustainable financing
of decentralised energy systems (DES), aligning precisely with Mission 300’s ambitious objective of extending electricity
access to 300 million individuals by 2030.

This document has been prepared by the Outcome 2 team under Priority Area 1 of the Group of Twenty (G20) Energy
Transition Working Group (ETWG). It is methodically structured into three interrelated sections to ensure coherence and
clarity. Furthermore, international organisations have contributed either as a resource and/or peer review capacity, and their
support is duly recognised in the Acknowledgements section. The roadmap is summarised in the figure below.

The three sections of the roadmap are:

e  Section A: A Sustainable Funding Roadmap,

e  Section B: A Guideline for Scaling Decentralised Energy in Africa and Other Regions, and
e Section C: G20-Africa-Focused Knowledge Hub.
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Figure A: A roadmap for sustainable DES in Africa

Each section makes a significant contribution to shaping a coherent and actionable roadmap for Africa’s energy future,
outlining a clear path toward a just and equitable energy transition. This short chapter provides an overview of how Section
B integrates into the broader roadmap, highlighting its connections with both Sections A and C.

SECTION A: A SUSTAINABLE FUNDING ROADMAP

Section A outlines a strategic financial framework to support the widespread adoption of DES in Africa. It proposes a
phased approach—starting with feasibility studies and planning, followed by pilot testing, and culminating in commercial
deployment—to ensure technical viability and alignment with national goals. This structure helps overcome investment
barriers such as risk perception and currency volatility by guiding the use of blended finance, combining public and private
capital to de-risk projects and close funding gaps.
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The section also explores innovative tariff models such as Pay-As-You-Go (PAYG), which spreads costs into affordable
payments, and Results-Based Financing (RBF), which ties funding to measurable outcomes. It emphises the role of Public-
Private Partnerships (PPPs) and credit enhancement tools, such as guarantees and insurance, to attract investment and
ensure long-term financial sustainability for DES across the continent.

SECTION B: A GUIDELINE FOR SCALING DECENTRALISED ENERGY IN AFRICA AND OTHER REGIONS

Section B functions as the pragmatic implementation component of this roadmap. It operationalises the theoretical financial
strategies articulated in Section A through their practical, on-the-ground execution. This section furnishes a comprehensive
guideline for the effective, inclusive, and sustainable expansion of DES by addressing critical institutional, policy, technical,
and market preconditions. Section B directly operationalises the financial frameworks established in Section A by
demonstrating how targeted investments and supportive policies translate into tangible DES projects.

For instance, the concessional finance and guarantees discussed in Section A can directly underwrite the geospatial
analysis and feasibility studies, that are critical for identifying optimal DES locations as detailed in Section B. Furthermore,
it accentuates the importance of human capital development and proactive community engagement as essential cross-
cutting enablers. These elements are demonstrably vital for ensuring that scaling endeavours are not merely technically
robust and financially viable, but also profoundly anchored in social acceptance, sustained by localised expertise, and
genuinely transformative for the communities they serve.

SECTION C: G20-AFRICA FOCUSED KNOWLEDGE HUB

Section C augments the financing mechanisms outlined in Section A and scaling guidelines in Section B by establishing a
critical and dynamic ecosystem for knowledge dissemination, capacity enhancement, and collaborative action. This digital
platform functions as a centralised, readily accessible repository of DES expertise, specifically designed to assist African
nations and G20 markets in aligning and harmonising policies, technical knowledge, and funding mechanisms. Its primary
objective is to proactively address significant impediments such as fragmented information, persistent skills deficits within
the energy sector, and circumscribed access to pivotal professional networks.

CONCLUSION: A COHESIVE PATH FORWARD

Collectively, Sections A, B, and C constitute a cohesive and comprehensive roadmap, meticulously designed for maximal
impact and enduring sustainability.

e Section A furnishes the strategic financial framework, precisely articulating the mechanisms for attracting, structuring,
and deploying requisite investments.

e Section B translates the framework into actionable, ground-level guidelines for effective implementation and scalable
deployment, detailing the essential policy, technical, and market conditions required for success.

e Ultimately, Section C serves as the indispensable, dynamic enabler, fostering the critical knowledge, cultivating the
requisite skills, and forging the collaborative networks vital for the sustainable growth and long-term transformative
influence of DES across Africa.

By integrating these three interconnected pillars—finance, implementation, and knowledge—this roadmap presents a
holistic, pragmatic, and ambitious strategy for attaining universal energy access, fostering inclusive economic development,
and building lasting climate resilience throughout the African continent.
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R&D Research and Development
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SSA Sub-Saharan Africa
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ToT Training of Trainers
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VRE Variable Renewable Energy
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GLOSSARY

DES (Decentralised Energy systems that generate and distribute power independently from centralised
Energy Systems) grids, often using renewable energy sources such as solar photovoltaic (PV), mini-
grids, or solar home systems.

G20-Africa Knowledge A digital platform envisioned to support the deployment of DES in Africa and the
Hub Global South by centralising access to knowledge, tools, networks, and finance.

C&l Sector Commercial and Industrial sector; includes businesses and industries that require
reliable, cost-effective energy for operations.

Off-Takers End-users or purchasers of electricity generated from decentralised energy systems,
including residential and business consumers.

Mini-Grids Small-scale electricity grids that can operate independently or in connection with the
main grid, often powered by renewable sources.

Solar PV (Photovoltaics) Technology that converts sunlight into electrical energy using solar cells. Common in
decentralised systems.

Productive Use Utilisation of electricity for income-generating or livelihood-enhancing activities, such
as agricultural processing or digital services.

Capacity Building Initiatives aimed at developing skills, knowledge, and institutional capabilities to
support the deployment and management of decentralised energy.

South-South Collaboration among countries of the Global South to share experiences, technology,
Cooperation and knowledge for mutual development.

Indexing Systematically cataloguing and organising knowledge, resources, or case studies for
ease of access within the Knowledge Hub.

Peer Learning A collaborative process where stakeholders share experiences and knowledge to
build collective capacity.

Technical Assistance Support provided to countries or organisations to help design, implement, and
manage decentralised energy solutions.

Blended Finance Financial instruments that combine public or philanthropic funds with private
investment to mitigate risks and attract more capital into energy projects.

Workforce Development Strategies aimed at preparing individuals with the necessary skills for employment in
the decentralised energy sector.

Project Marketplace A feature of the Hub envisioned to connect DES developers with investors,
policymakers, and end-users to accelerate project implementation.

Enabling Environment The policy, regulatory, and institutional frameworks that support the growth and
sustainability of decentralised energy systems.

Hub Streams Thematic areas of focus within the Knowledge Hub, including Access to Finance,
Access to Technology, Access to Markets, Skills Development, and Networks.
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IEA (International Energy
Agency)

An autonomous intergovernmental organisation that works to ensure reliable,
affordable, and clean energy.

IRENA (International
Renewable Energy
Agency)

An international organisation that promotes the widespread adoption and sustainable
use of renewable energy.

SEforALL (Sustainable
Energy for All)

A global initiative that aims to ensure universal access to modern energy services,
improve energy efficiency, and increase the use of renewable energy.

CEM (Clean Energy
Ministerial)

A high-level global forum to promote policies and programmes that advance clean
energy technology.

EPRI (Electric Power
Research Institute)

An independent, non-profit organisation that conducts research and development
related to the generation, delivery, and use of electricity.

SAPP (Southern African
Power Pool)

A regional organisation that coordinates the planning and operation of electricity
generation and transmission across Southern Africa.

APUA (African Power
Utilities Association)

A continental association representing African utilities and stakeholders in the power
sector.

Vocational Training

Education that prepares individuals for specific trades or careers, especially in practical
or technical fields related to DES.

Just Energy Transition

A framework ensuring that the shift to sustainable energy systems is fair and inclusive,
leaving no one behind.

Digital Literacy

The ability to effectively use digital tools and technologies—crucial for DES operation,
maintenance, and innovation.
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SECTION A: EXECUTIVE SUMMARY

ection A of the roadmap outlines a comprehensive strategy to facilitate the widespread adoption of decentralised
energy systems (DES) across Africa. This integrated framework encompasses all critical stages, from initial feasibility
assessments to full-scale commercialisation and monetisation, ensuring a sustainable and scalable energy transition.

Key Components of the Framework:

e Phased Development Approach: The roadmap delineates essential phases of technical advancement, ranging
from preliminary feasibility evaluations to comprehensive commercialisation and monetisation of DES.

e Tailored Financial Mechanisms: Each phase incorporates customised financial solutions designed to address
specific funding needs, ensuring that projects are financially viable and attractive to investors.

e Performance Metrics and Risk Mitigation: Clear performance indicators are established to monitor progress,
while robust financial risk mitigation strategies are implemented to safeguard investments and ensure project success.

e Addressing African Contextual Challenges: The roadmap directly tackles key challenges unique to the African
context, including high upfront costs, undeveloped grid infrastructure, and currency volatility.

e Leveraging Renewable Resources and Entrepreneurial Spirit: By harnessing the continent’s abundant
renewable energy resources and dynamic base of young entrepreneurs, the framework aims to foster innovation and
local ownership in energy solutions.

This roadmap presents a comprehensive strategy for accelerating the widespread adoption of DES across Africa. It
addresses the critical challenge of energy access for over 600 million people, recognising that centralised grids alone are
insufficient. The framework integrates four key phases to ensure a sustainable and scalable energy transition.

The journey begins with meticulous planning and feasibility assessments, utilising advanced tools and fostering robust
stakeholder coordination to de-risk early-stage investments. This groundwork transitions into pilot projects that validate the
technical, economic, and social viability of diverse DES solutions through rigorous monitoring and evaluation. Scaling these
successful pilots requires overcoming significant investment barriers, including high upfront costs, inconsistent regulatory
frameworks, and currency volatility. The roadmap proposes innovative blended finance mechanisms, standardised
approaches, and robust risk mitigation tools to attract substantial public and private capital for commercial deployment.
The final phase focuses on creating sustainable revenue models through flexible tariffs and leveraging emerging financial
instruments such as carbon credits and climate bonds to ensure long-term viability.

Ultimately, this roadmap aims to transform DES from niche solutions into mainstream, commercially viable, and socially
inclusive energy markets that foster local ownership and innovation. Its successful implementation hinges on a unified
vision, transparent governance, and sustained collaboration among all stakeholders.
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To effectively drive the sustainable financing and widespread adoption of DES across Africa, the following five key
recommendations, each with actionable implementation steps, are crucial. These recommendations are designed to
address identified barriers, leverage opportunities, and foster a robust ecosystem for DES development and scale.

RECOMMENDATION 1: CREATE A BLENDED FINANCE FRAMEWORK

Develop a standardised approach to aggregate DES projects into a scalable investment platform.

e  Step 1: Structure layered financing with grants absorbing first losses.
e  Step 2: Standardise investment templates and legal agreements.

e  Step 3: Set up a programme management entity for oversight and coordination.

RECOMMENDATION 2: IMPROVE REGULATORY AND POLICY ENVIRONMENT

Establish clear, consistent policies to attract private investment.

e  Step 1: Provide technical assistance (TA) for licensing, tariffs, and interconnection rules.
e  Step 2: Introduce guarantees to protect mini-grid operators from grid expansion risks.

e  Step 3: Align policies across jurisdictions and with national plans.

RECOMMENDATION 3: DEPLOY RISK MITIGATION TOOLS

Address currency and credit risks to unlock commercial capital.

e Step 1: Use currency hedging tools.
e  Step 2: Offer Development Finance Institutions (DFls)-backed credit guarantees.

e  Step 3: Provide poalitical risk insurance via agencies.

RECOMMENDATION 4: BUILD DEVELOPER CAPACITY

Support local developers and improve project bankability.

e  Step 1: Fund project preparation facilities for early-stage support.
e  Step 2: Run training and acceleration programmes for developers.

e  Step 3: Strengthen local financial institutions’ capacity to assess and co-finance DES projects.

RECOMMENDATION 5: USE RESULTS-BASED FINANCING AND CARBON CREDITS

Tie funding to outcomes and monetise environmental benefits.

o Step 1: Design RBF schemes linked to verified impact metrics.
o Step 2: Include performance incentives and penalties.
. Step 3: Enable carbon credit trading to generate additional revenue.
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1. INTRODUCTION

he global energy transition requires inclusive, resilient, and innovative approaches to ensure universal access to

energy. In Africa, DES play a pivotal role in realising this objective. This concept note presents a comprehensive

roadmap for sustainable financing of DES, aligned with Mission 300, and driven by the G20 ETWG under Priority Area
1, Outcome 2. The roadmap is built around three core pillars: a strategic funding framework, mechanisms for knowledge
sharing and capacity building, and a guideline tailored for the unique context and needs of the African continent.

2. BACKGROUND

espite notable progress in the clean energy sector, over 600 million Africans still lack access to electricity. Centralised

systems alone cannot bridge this gap. Decentralised energy solutions—powered by solar, wind, battery storage,

and mini-grid technologies—present a scalable and sustainable alternative. Yet these systems continue to face
significant financial, technical, and regulatory barriers that require coordinated action and strategic interventions. The
proposed roadmap seeks to consolidate existing initiatives, address critical market gaps, and align with global commitments
like Mission 300.

At the heart of the roadmap is the development of a sustainable funding framework designed to accelerate the adoption
of DES. Anchored in the principles of Mission 300 — a global initiative aimed at accelerating universal energy access by
2030, — this funding framework emphasises the creation of blended finance models that leverage both public and private
capital. Its objectives include de-risking investments, reducing the high upfront costs associated with DES, and establishing
financial mechanisms that can attract scalable, long-term investments.

To ensure a haolistic and actionable approach, this core initiative is complemented by two critical supporting interventions:

The second supporting activity involves the development of a guideline for scaling decentralised energy in Africa and
other regions. This guideline will be instrumental in translating financing frameworks into on-the-ground implementation. A
framework that will enable customisation for local context.

This digital platform will serve as a centralised resource for decentralised energy system expertise, with the mandate
to support African countries and G20 markets in aligning and harmonising policies, technical knowledge, and funding
mechanisms.
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3. PHASE 1: FEASIBILITY AND STRATEGIC

PLANNING

hase 1 focuses on the critical early-stage activities necessary for the successful development of DES across Africa.

Not all African countries start their journey implementing DES from the same standpoint. The strength of institutions,

policy and regulatory frameworks, financing conditions for DES projects, availability of data, clarity and firmness of
electrification plans, or how advanced the enabling regulatory framework is, all vary — and roadmaps for DES need to fully
reflect this from the local project level to the national strategies and plans.

Globally, best practices show that when governments and partners invest in early-stage studies and frameworks —
through grants, concessional financing and coordinated planning — the result is a dynamic DES market. Africa’s emerging
programmes, Asian models in India and South-East Asia, and those in more developed contexts all demonstrate that front-
loading efforts to assess needs and build capacity pays off. By rigorously planning projects, aligning them with national
goals, and funding their preparation, policymakers can turn DES from pilots and niche markets into mainstream solutions.

A robust, impactful and long-lasting DES roadmap needs to develop in parallel a) feasibility assessments that show where
critical opportunities for DES financing and implementation lie; and b) strong, integrated strategic planning exercises
that integrate DES into policy, regulation and planning with other infrastructure, ensure replicability and scalability of DES
feasibility assessments, and integrate cross-border cooperation.

Feasibility assessments ensure that projects are technically sound, bankable and financially viable. In parallel, strategic
planning ensures these are integrated into priority investment plans and pipelines to leverage further investment; that
plans and projects are aligned with national development priorities, regional priorities and Sustainable Development Goals
(SDGs); and that benefits of individual projects are adequately shared.

This early-stage planning is particularly crucial in the African context, where energy access challenges intersect with rapid
population growth, climate vulnerability, and infrastructure deficits. By rigorously assessing the viability of DES initiatives
and integrating them into strategic frameworks, governments can de-risk investments and create a conducive environment
for public-private partnerships (PPPs) and blended finance models.

Strategic planning for clean energy and electrification should align DES aims with a country’s long-term development, socio-
economic and climate strategies. Within the frameworks, a strong connection should be made with concrete feasibility
assessments for DES that identify critical needs and bankable opportunities and articulate robust coordination structures
to engage government agencies, utilities, regulators, finance and the investment community and subnational and national
actors in a way that scales projects from feasibility to pilots to market creation. This involves:

¢ Aligning DES development with National Development, Infrastructure and Climate Agendas

i, Integration with national strategies for electrification and other infrastructure. A range of best-practice tools
exist that ensure any DES projects identified in the feasibility stages directly advance national targets.

e Embedding with climate and development strategies: Plans for DES development should support climate
and development targets. But more importantly, projects should be able to quantify their contribution to
emission reduction, access targets, or socio-economic benefits so that they can be embedded in policies
and plans

i Link DES planning to broader development and infrastructure agendas, including SDG goals. Embedding
electrification goals into national strategies for development can facilitate financing, replicability and scalability
of DES projects.

e Stakeholder engagement and institutional coordination

i. Best practices include creating multi-stakeholder planning bodies, for example, establishing committees or
task forces that include all relevant ministries, regulators, utilities and development partners. For instance,
Kenya’s Integrated National Energy Planning Committee’s members co-ordinate horizontally and advocate
with key stakeholders. These bodies can help clarify roles and responsibilities, set timelines for DES expansion
and roadmap development, and maximise the use of data and resources between institutions that are key for
DES expansion but had weaker interactions. This ensures a unified vision and harmonised implementation.
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i Robust stakeholder engagement for DES also requires formal mechanisms to consult and get feedback from
utilities, IPPs, the finance sector and civil society. DES integration into utility planning is key for its scale-up.
Data-sharing platforms and knowledge-sharing initiatives can help utilities and investors in DES align pipelines.
At the same time, involving community organisations and subnational stakeholders can ensure that local
needs are understood and heard in DES development.

i, A common vision needs to be established and maintained through the roadmap. All stakeholders should have
a common understanding of DES solutions, technologies, terminology, and the overall strategy. Standardised
modelling and planning tools, joint TA trainings, and common database development are key best practices
from other geographies that are beginning to be implemented in Africa (e.g., in the African Continental Master
Plan).

¢ Ensuring regional integration and cross-border synergies for DES

i. National policies, plans and strategies to support DES should be designed with an eye toward regional
and continental integration. Supportive frameworks like the African Union’s Agenda 2063 and the African
Single Electricity Market (AfSEM) offer a broader, connected vision for infrastructure but need to be linked to
DES development. This includes development of unified grid plans, ideally reflecting on the African Union’s
Continental Power System Master Plan. Aligning national energy strategies with these regional ambitions
not only supports coherence but can also unlock access to technical support, investment platforms, and
economies of scale for DES.

i Integrating national electrification plans and DES strategies with regional master plans (such as those
developed by WAPP or the Gambia River Basin Development Organization, OMVG) allows for coordinated
development that maximises regional synergies. According to the World Bank, such collaborative infrastructure
planning could reduce electricity investment costs across sub-Saharan Africa (SSA) by tens of billions of
dollars. Governments can strengthen these outcomes by setting up joint planning mechanisms and formal
coordination structures with neighbouring countries to manage shared assets and align project timelines.

A step-wise approach for a strategic planning framework for DES:

While acknowledging regional and country differences, a robust strategic planning framework for developing DES involves
the following tasks across feasibility assessments and priority investment plans.

1. Establish a baseline
e  Assess electricity access rate and the quality of service.
e Map high-priority areas for electrification, including health, education, and productive-use zones.

e Evaluate institutional, technical, and financial capacities and identify key gaps.

2. Estimate resource potential and demand

e Use geospatial tools e.g., the World Bank’s Energy Access Explorer, IRENA's Solar and Wind Resource Atlases) to
assess renewable energy potential and settlement patterns.

e Estimate current and future energy demand in off-grid areas, accounting for household, social, and economic uses.

e |dentify the most cost-effective technologies (mini-grids, solar home systems (SHS), etc.) per geographical zone and
their broader development benefits.

DECENTRALISED ENERGY SYSTEMS 6




Evaluate policy & Strengthen
regulatory frameworks institutional capacity
Build coordination, planning,
and technical capacity across
relevant national and local
institutions.

Review existing regulations and
benchmark readiness to identify
legal and policy barriers.

Design a DES strategy
and roadmap

Sel national DES targets and
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Establish a baseline

Assess electricity access,
service quality, and partnerships and attract private
institutional, technical, and finance through risk mitigation
financial capacities. and streamlined permitting.

Figure 1 Key components

[

. Evaluate policy and regulatory frameworks

e Review policies and regulations linked to DES: licensing, tariffs, quality standards and grid connections.

e Benchmark national readiness using tools such as the SEforALL Integrated Electrification Planning Tool or IRENA's
Renewable Readiness Assessment (RRA).

e Leverage peer-to-peer learning to identify regulatory bottlenecks and take advantage of best practices.
4. Strengthen institutional capacity

e Build coordination and planning capacity across energy ministries, rural electrification agencies, regulators, and local
governments.

e  (Clarify mandates, streamline procedures, and invest in training to support decentralised system design, procurement,
and monitoring.

5. Design a DES strategy and roadmap
e  Set national DES targets aligned with national clean energy, climate and development goals.

e |dentify cost-effective and locally appropriate technologies for each area (e.g., grid extensions close to the existing
grid, mini-grids for densely populated remote areas and productive uses, and SHS for scattered households).

e  Create a step-by-step-based roadmap to achieve the targets.

6. Mobilise stakeholders

Scale up PPPs to incentivise developers.

Create an enabling environment to attract private sector investment by introducing and including risk mitigation
instruments, simplifying permitting procedures, and ensuring regulatory transparency.
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Strategic planning that follows these principles ensures that DES projects are not isolated interventions but part of a
comprehensive and scalable energy transition agenda.

EMERGING EXAMPLES THAT CONNECT STRATEGIC PLANNING TO ENABLING FINANCE FRAMEWORKS

The Desert to Power Initiative — G5 Sahel Financing Facility supports solar energy development across Burkina Faso,
Chad, Mali, Mauritania, and Niger. By mobilising utility-scale solar plants, implementing energy storage, and providing
TA, the facility aims to add 500 MW of solar capacity, connect 65,000 households, and avoid over 14.4 million tons
of CO, emissions. Financing is provided through DFls, commercial banks, and private sector partners using blended
finance to de-risk and catalyse private sector investments in solar generation in fragile countries of the region.

Comprehensive feasibility assessments serve as the analytical backbone of DES project development. Rigorous feasibility
assessments for DES projects must be linked to coherent strategic planning to de-risk investments and align them with
development goals. For example, satellite-based geospatial tools now allow planners to conduct least-cost electrification
analyses at a fraction of the traditional cost. In Nigeria, World Bank studies showed that initial site screening costs dropped
by a factor of ten per site by using satellite and GIS tools. Such tools can rapidly identify high-potential locations and even
establish readiness for mini-grid portfolios (bills of quantities, bid documents, etc.) for detailed feasibility work.

These assessments evaluate a wide range of factors, including:

e Technical viability: Assessing resource availability (e.g., solar, wind, and biomass), load demand profiles, existing
infrastructure, and the suitability of various technology options for different geographical and socio-economic contexts.
For example, modern geospatial tools let developers overlay disaggregated load data with resource maps and other
key determinants to select promising sites. This can drastically reduce cost and development times. Technical
advances on both the technology (e.g., designs hybridising solar, batteries and fossil energy, bioenergy, small turbines)
and assessment fronts (much more accurate assessment of the underlying context) now make it possible to reach
markets that would otherwise be unviable or uneconomic.

¢ Regulatory and policy environment: Reviewing existing legislation, including licensing, tariffs, and subsidy regimes;
broader regulatory frameworks, and permitting procedures to identify potential barriers or enablers for DES deployment.
Unclear or onerous regulation or processes are common, including lack of clarity on tariffs or grid infrastructure
development. Several countries (e.g., Zambia and Ethiopia) have flexible licensing frameworks and mini-grid enabling
regulations. Feasibility for projects should fully align with international commitments and broader national strategies
(e.g., Nationally Determined Contributions and SDGs).

¢ Financial and economic analysis: Determining capital expenditure (CAPEX) and operational expenditure (OPEX)
requirements, revenue models, tariff structures, and return on investment (ROI) projections. Feasibility studies evaluate
costs and revenues under a range of conditions and technology combinations, as well as business models and
financing schemes. Best practices incorporate portfolio analysis and blended finance options (grants, concessional
finance, and climate finance) into the modelling and assessment.

e Social and environmental impact: Evaluating the potential socio-economic benefits and risks, including job creation,
environmental sustainability, and community acceptance. Best practices include gender and social assessments, local
livelihoods and the potential to link DES implementation to productive uses and pathways for increased energy service
and economic development. Multiplying productive appliances and services can compound demand growth and raise
further revenues. Environmental components (e.g., land use, local ecosystems, and links to nature-based solutions)
should be integrated from the earliest stage to facilitate permitting processes and ensure local community support —a
key enabler of DES.

Best practice feasibility assessments holistically demonstrate the viability and sustainability of DES projects and are
essential to build confidence among investors, development partners, and implementing agencies by providing a detailed
understanding of project risks and mitigation strategies.
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Phase 1 includes the identification and mobilisation of financial mechanisms that support these foundational tasks:

e Grants and TA: Sourced from bilateral donors, DFls, or multilateral climate funds to underwrite project preparation
costs and capacity building. Development partners and climate funds often provide grants to cover feasibility studies,
regulatory support, and early project design. Programmes like Sustainable Energy Fund for Africa (SEFA) and the Africa
Minigrids Programme (AMP) help governments reduce planning costs and risks, enabling them to issue competitive
tenders. TA platforms, such as the World Bank’s Mini-Grid Help Desk and United Nations Development Programme
Accelerator, also offer model contracts and advisory services to support project preparation.

e Concessional financing instruments: Including low-interest loans, RBF, and risk mitigation tools to attract private
sector participation in early-stage DES development. Low-interest loans, guarantees, and RBF are used to attract
private capital once projects are ready. Examples include blended finance packages in Kenya and Nigeria, where
concessional loans were paired with output-based subsidies to scale mini-grid deployment. These instruments reduce
risk and can leverage several times more investment from private and public sources.

* Project development facilities: Establishing or leveraging existing regional or national project preparation facilities
(e.g., the Africa Climate Change Fund and SEFA) that provide structured support for early-stage DES projects. Project
development facilities can help establish and build strong links between project-level feasibility assessments and
strategic planning. Institutions such as the World Bank and African Development Bank (AfDB) support dedicated
facilities to help build pipelines of investment-ready DES projects. Initiatives like the Global Facility on Mini-Grids and
the Africa Mini-Grid Market Acceleration Programme provide standardised planning tools, small-scale grants, and
advisory services to multiple countries. These platforms combine financial support and technical expertise to de-risk
investments and enable large-scale implementation.
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4. PHASE 2: PILOT DESIGN AND

DEMONSTRATION

hase 2 marks the critical juncture at which DES transitions from conceptual frameworks and strategic plans into

tangible, operational realities through carefully selected pilot projects. It is crucial to validate the technical feasibility,

economic viability, and social acceptance of DES solutions, thereby establishing a credible foundation for their
scalable replication and integration into broader national and regional energy landscapes.

The successful execution of pilot projects demands meticulous site selection, ensuring that each location embodies the
heterogeneity of Africa’s energy access challenges and resource endowments. Prioritising regions that reflect a spectrum
of geographic, institutional, and socio-economic contexts allows for a comprehensive evaluation of the adaptability and
resilience of DES technologies.

Technological deployment within these pilots must be contextually tailored, incorporating an array of decentralised
solutions such as solar PV and wind mini-grids, hybrid renewable-fossil systems, biomass-powered microgrids, and solar
home systems. The design parameters must emphasise system reliability, robustness against climatic and operational
stresses, and modular scalability, enabling iterative enhancements and contextual customisation.

Business model innovation is equally imperative. Pilots should explore diverse operational frameworks, including
community-owned systems, private sector-led initiatives, and hybrid public-private governance models. These experiments
will illuminate optimal tariff structures, innovative payment mechanisms like PAYG schemes, and revenue collection
strategies that balance affordability with financial sustainability.

Critical to long-term success is capacity building: comprehensive training programmes targeting local technicians,
operators, and community stakeholders must be integral components of pilot design. These initiatives foster operational
autonomy, enhance local employment prospects, and cultivate an enabling environment for sustained project management.

Risk management frameworks must be proactively used to anticipate and mitigate potential technical failures, financial
shortfalls, regulatory uncertainties, and community acceptance challenges. Adaptive management practices must be
embedded to enable dynamic responses to evolving conditions and lessons learned during pilot operation.

Robust M&E systems underpin the capacity to measure pilot outcomes accurately, providing empirical evidence essential for
investor confidence and policy formulation. Key performance indicators must comprehensively cover technical performance
metrics such as system uptime and capacity utilisation, financial indicators including cost recovery ratios and revenue streams,
and socio-economic parameters like beneficiary reach, improvements in education and healthcare, and income generation
effects.

Advanced digital tools, encompassing smart metering, remote sensing, and data analytics platforms facilitate near real-time
data acquisition and control via System Control and Data Acquisition (SCADA) systems. Such systems empower implementers
1o engage in data-driven decision-making, refining operational approaches and continuously enhancing project effectiveness.

Impact assessments must extend beyond immediate technical and financial parameters to include evaluations of social
inclusivity, gender equity, environmental sustainability, and community empowerment. Quantifying emission reductions and
other environmental benefits will further enable the mobilisation of carbon finance, linking environmental stewardship with
economic incentives.

Crucially, M&E processes should focus on extracting replicable lessons and identifying scalability enablers and constraints,
thereby informing policy adjustments, regulatory reforms, and investment strategies that accelerate DES deployment at scale.

Transparent and regular dissemination of findings to all stakeholders, including governments, investors, communities, and

development partners, strengthens trust, facilitates knowledge exchange, and catalyses broader sectoral transformation.
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A participatory approach to stakeholder engagement is vital to ensure that DES pilot projects are contextually relevant,
socially accepted, and sustainable. Early and sustained involvement of local communities enables projects to reflect genuine
energy needs, fosters a sense of ownership, and mitigates risks related to social resistance or operational discontinuities.

Engagement strategies must prioritise the inclusion of marginalised groups, particularly women and vulnerable populations,
to promote equitable access and harness the full socio-economic potential of DES.

Alignment with local and national governmental entities is paramount. This includes harmonising pilot activities with national
electrification roadmaps (e.g., INEPs), streamlining regulatory processes, and securing institutional support to remove
administrative bottlenecks.

The active participation of private sector actors including developers, financiers, technology providers and civil society
organisations in pilot design and implementation promotes innovation, ensures commercial viability, and facilitates capacity
building.

Establishing multi-stakeholder platforms, such as advisory committees or technical working groups, fosters coordination,
transparency, and conflict resolution, while enabling the pooling of expertise and resources critical to pilot success.

Securing adequate and appropriate financing is a pivotal determinant of pilot project success. Innovative financing
instruments that blend concessional and commercial capital are essential to bridge the gap between early-stage project
risks and long-term investment returns.

Blended finance can leverage concessional funds, grants or low-cost loans from DFls alongside private sector investment.
This structure reduces risk exposure for private investors, making DES projects more attractive and financially viable.

RBF mechanisms align financial disbursements with pre- agreed performance milestones, thereby incentivising
accountability, efficiency, and outcome-oriented implementation.

Concessional loans, characterised by below-market interest rates and flexible repayment terms, further improve project
bankability, enabling developers to undertake capital-intensive pilot initiatives with reduced financial strain.

Revenue generation from carbon markets presents an increasingly viable avenue to offset operational costs and
enhance investment appeal. By quantifying and monetising emission reductions, pilots can attract carbon finance, linking
environmental impact with fiscal sustainability.

The issuance of climate bonds dedicated to green infrastructure investments signals strong commitment from issuers and
attracts institutional investors seeking environmentally responsible portfolios, thus expanding the capital pool for DES pilots.

PPPs represent a cornerstone for mobilising private capital and expertise while leveraging public sector support to mitigate
risks inherent in early-stage DES projects.

By clearly delineating roles, responsibilities, risk-sharing arrangements, and benefit distribution, PPPs frameworks create
transparent and predictable environments conducive to investment.

Governments play a pivotal enabling role, creating conducive regulatory environments, providing guarantees or subsidies,
and streamlining administrative procedures to reduce barriers for private partners. Robust contractual agreements underpin
the mutual accountability and performance expectations necessary to sustain PPPs over the project lifecycle.

The PPPs model provides a structured pathway for pilots to evolve into operational, financially sustainable DES projects
that contribute meaningfully to national energy transitions.
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5. PHASE 3: SCALE-UP AND COMMERCIAL

DEPLOYMENT

commercialisation of DES in Africa requires a strategic, multi-layered approach that combines innovative financing
mechanisms, risk mitigation tools, and alignment with local development priorities. Figure 2 summarises the four
steps for the scale-up and commercial deployment of DES in Africa.

This chapter discusses the scale-up and commercial deployment of DES in Africa. Structuring investment for the

Identify and assess Design appropriate
investment barriers blended finance
instruments

Establish sustainable
financing framework

Establish blended
finance framework

-~

Scale-up and
Commercial

Deployment

Figure 2: Scale-up and commercial deployment of DES in Africa

The four steps are:

1. Establishing a blended finance framework,
Identifying and assessing of investment barriers,

The design of appropriate blended finance instruments, and

Ea S AN

Establishing a sustainable financing framework.

Blended finance models will be developed using a programmatic approach. Further, a sustainable framework for accessing
broader financing sources will need to be established. Different credit enhancement instruments will be employed to
mitigate the risk associated with funding programmes.

The transition from pilot projects to commercial-scale deployment of DES in Africa hinges on robust investment strategies,
risk mitigation frameworks, and scalable financing models. This phase will mobilise both public and private capital through
blended finance mechanisms, structured investment models, and effective partnerships. The goal is to ensure long-term
financial viability and contribute meaningfully to energy access, economic development, and climate resilience across the
continent.

Blended finance combines concessional funding with private capital to de-risk projects and attracts investment. This
involves strategically combining concessional and commercial capital to mobilise private investment while addressing
sector-specific barriers. The development of blended finance models using a programmatic approach marks a shift from
isolated, project-by-project funding toward a strategic, systematised, and scalable model for financing DES in Africa.
This approach allows for the coordination of multiple stakeholders, financial instruments, and investment pipelines
under a unified framework that enhances efficiency, reduces transaction costs, and maximises developmental impact. A
programmatic approach refers to the creation of a structured financing programme or platform that can support a portfolio
of DES projects rather than addressing them individually. This model leverages common project preparation processes,
due diligence criteria, risk mitigation tools, and performance tracking mechanisms to streamline investment and achieve
economies of scale. The benefits of the programmatic approach are:
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e  Scalability: Enables funding of multiple projects through a single, streamlined platform.
e Efficiency: Reduces duplication of effort, cuts transaction costs, and accelerates timelines.

e Attractiveness to Investors: De-risks investment by pooling risk across a diversified portfolio and leveraging professional
management.

e Policy Alignment: Ensures all funded projects support national development priorities, rural electrification goals, and
climate commitments.

e Impact Maximisation: Integrates social, environmental, and gender outcomes across all funded interventions, improving
overall developmental returns.

Concept of an Off-Grid Electrification Programme (OGEP) covering multiple African countries:

e DFls provide concessional loans and grants to fund early-stage development.

e A TA facility helps local developers design bankable projects and comply with regulatory standards.
e Agreen bond is issued on capital markets to raise commercial funds backed by pooled revenues.

e The programme tracks performance using unified indicators across all micro-grids installed.

PORTFOLIO-BASED DESIGN

This approach groups multiple DES projects (e.g., solar mini-grids, battery storage, and PAYG systems) into a single
investment programme. It aggregates demand from different regions or sectors (e.g., rural electrification, agriculture, and
healthcare) to attract institutional investors who prefer scale.

STANDARDISATION

Develop standardised investment templates, risk-sharing agreements, legal contracts, and financing structures to lower
transaction costs.

Standardisation is a critical enabler in scaling DES through blended finance. By establishing common frameworks, tools,
and procedures, standardisation significantly reduces the complexity, cost, and time associated with financing and
implementing DES projects. It fosters investor confidence, ensures consistency, and improves replicability across multiple
geographies and project types.

Risk-sharing .-~ ~ b?iﬁﬂ Legal
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Figure 3: Standardisation summary
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Figure 3 highlights the four standardisation recommendations to establish a blended finance framework, which includes
the standardisation of investment templates, risk-sharing agreements, legal contracts and establishing uniform financing
structures.

The benefits of standardisation are:

e Lower Transaction Costs: Reduces the time and legal fees required for contract drafting and negotiations.
e Accelerated Deployment: Enables faster deal closures, especially in underserved and remote regions.

e Investor Familiarity and Confidence: Standardised documents and processes reduce perceived risk and attract more
institutional capital.

e Replication and Scale: Facilitates the rollout of large-scale, multi-site or regional DES programmes with consistent
financial and legal frameworks.

e Ease of Aggregation: Allows bundling of smaller projects into investment portfolios or vehicles like green bonds or
securitised assets.

STANDARDISED INVESTMENT TEMPLATES

e Develop pre-approved investment templates that outline typical financing terms, expected returns, risk allocation, and
reporting requirements.

e  Enable quicker deal structuring by reducing the need to negotiate bespoke financial terms for each project.

e  Provide templates for various use cases, like mini-grids, rooftop solar, and energy-as-a-service models, to support a
wide range of DES applications.

STANDARD RISK-SHARING AGREEMENTS

e Design model risk-sharing frameworks that clearly define how risks are allocated among stakeholders, developers,
financiers, governments, and communities.

e Include pre-negotiated terms for common risk types such as currency volatility, payment default, off-taker risk, and
construction delays.

e Promote the use of industry-accepted instruments such as guarantees, insurance, and first-loss capital with
standardised trigger conditions and payout rules.

STANDARDISED LEGAL CONTRACTS

Create legal document templates, such as:

e  Power Purchase Agreements (PPAs): With standard clauses for tariffs, termination, dispute resolution, and performance
obligations.

e Lease and Land-Use Agreements: To simplify land access and tenure arrangements in rural and semi-urban areas.
e O&M Contracts: Covering service level agreements for O&M providers.

e Loan and Security Agreements: For uniformity across lenders and borrowers, improving the bankability of DES
projects.

UNIFORM FINANCING STRUCTURES

e Establish consistent capital structuring guidelines (e.g., debt-to-equity ratios, subordinated debt layering, and interest
rates) tailored to different project types and risk profiles.

e Encourage financiers to adopt harmonised due diligence criteria and financial metrics (e.g., Debt-Service Coverage
Ratio (DSCR), Internal Rate of Return (IRR), and Net Present Value (NPV)) to streamline evaluation processes.

e Use modular financing blueprints to accommodate different scales (e.g., community microgrids versus commercial/
industrial rooftop solar) while maintaining a standardised format.
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LAYERED CAPITAL STRUCTURE

To effectively mobilise and deploy climate and development finance at scale, a layered capital structure can be used to
blend different types of funding—public, concessional, and commercial—within a pre-agreed framework. This approach
helps to balance risk and return expectations across investor types, while ensuring long-term sustainability and impact.
The recommendations include:

e  Combining diverse capital sources,
e Establishing a dedicated programme managment entity, and

e Embedding a TA facility to support implementation and capacity building.

COMBINE PUBLIC, CONCESSIONAL, AND COMMERCIAL CAPITAL IN A PRE-AGREED FINANCING STRUCTURE

Public or grant funding should be provided at the bottom layer of the capital structure to absorb the first losses and reduce
risk for other investors. Concessional loans from DFls or climate funds should be used to offer affordable financing terms.
Commercial capital should be placed at the senior levels of the capital stack to ensure the financial sustainability and
scalability of the investment structure.

DEDICATED PROGRAMME MANAGEMENT ENTITY

A centralised entity or secretariat should be established to coordinate the flow of funding across various stakeholders and
initiatives. This entity should also be responsible for managing procurement processes and overseeing the disbursement
of funds. It should conduct regular monitoring and evaluation to assess the effectiveness and impact of funded activities.
Additionally, the entity must ensure that all efforts are aligned with national policies and the goals of donor organisations.

EMBEDDED TECHNICAL ASSISTANCE

A TA facility should be included to support project preparation and the development of feasibility studies. It should also
provide capacity building for local implementers and regulators to strengthen institutional and operational capabilities.
Additionally, the facility should assist in policy reform and the development of an enabling environment to facilitate successful
project implementation.
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A key prerequisite for unlocking private sector investment in DES is a thorough and context-specific understanding of
the challenges impeding investor participation. Unlike traditional grid-based infrastructure, DES projects often face a
combination of technical, financial, regulatory, and market-specific barriers, particularly in emerging African markets. Figure
4 highlights the five identified barriers of investment in the scale-up and commercial deployment of DES, which includes
high upfront capital requirements, unclear and inconsistent policies and frameworks, volatility of currency and exchange
rates, infrastructure limitations, and lack of bankable projects and developer capacity.

Currency and exchange rate
volatility

Unclear and

inconsistent policy Limited
and regulatory =M, infrastructure
framework Investment
Barriers
High upfront Lack of bankable
P projects and
capital

requirements developer capacity

Figure 4: Identification and Assessment of Investment Barriers

Conducting a comprehensive investment barrier analysis enables stakeholders to design tailored blended finance
instruments that directly address investor concerns, reduce perceived risks, and improve project bankability. Tailoring
blended finance instruments to address these specific barriers is crucial for mobilising commercial finance effectively.

HIGH UPFRONT CAPITAL REQUIREMENTS

DES projects generally require substantial CAPEX during the initial phases. This funding is primarily used for technology
procurement, system installation, and infrastructure development. However, the revenue generated from these projects
tends to accumulate gradually over time, typically through user payments or energy sales. This creates a mismatch
between the immediate capital requirements and the slower revenue inflows.

The long payback periods associated with DES projects make them less appealing to commercial financiers. Additionally,
the relatively small investment sizes — particularly in rural electrification initiatives —often do not justify the high costs of due
diligence.

To address these challenges, it is advisable to introduce concessional funding or first- loss capital to absorb early-stage risks.
Furthermore, providing grants or RBF can help cover the costs of feasibility studies and upfront infrastructure investments.
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UNCLEAR AND INCONSISTENT POLICY AND REGULATORY FRAMEWORKS

The absence of clear licensing procedures, unpredictable tariff-setting mechanisms, and a lack of long-term policy support
discourage private sector participation in the energy sector. Additionally, there is uncertainty about whether mini-grid
operators will receive compensation if the central grid is extended to their areas. The inconsistent enforcement of PPAs
further undermines investor confidence. Moreover, regulatory fragmentation between national and subnational authorities
creates confusion and inefficiencies.

To address these issues, it is important to invest in regulatory capacity building and promote policy harmonisation through
TA facilities. Establishing guarantees or compensation mechanisms can also help mitigate the risk of stranded assets
resulting from grid expansion.

CURRENCY AND EXCHANGE RATE VOLATILITY

DES projects in Africa often generate revenue in local currencies, while their debt servicing obligations and capital inputs,
such as imported solar panels or batteries, are typically denominated in hard currencies like the US dollar ($) or the euro.
This currency mismatch exposes projects to exchange rate risks.

Depreciation of local currencies can significantly erode profitability and may even lead to loan defaults. To mitigate these
risks, it is advisable to use currency risk hedging mechanisms, such as those provided by institutions like The Currency
Exchange Fund (TCX) or MFX Solutions. Additionally, promoting local currency lending through national development
banks or concessional finance partners can help reduce exposure to foreign exchange volatility. Incorporating revenue
indexation mechanisms can also protect income streams against inflation and currency shocks.

LIMITED INFRASTRUCTURE TO SUPPORT DES

In many rural or peri-urban areas, the absence of basic infrastructure, such as roads, logistics networks, and
telecommunications, significantly increases the cost and complexity of deploying and maintaining DES. These infrastructure
gaps often lead to supply chain inefficiencies, delays in equipment delivery, and challenges in providing timely technical
support and system servicing.

To address these barriers, energy access investments should be paired with complementary infrastructure development
programmes. Offering concessional support for bundled services—such as combining energy access with digital
connectivity and productive use applications—can enhance the overall impact and sustainability of DES projects.
Additionally, supporting local capacity building and workforce development is essential to reduce dependence on external
technical expertise and to ensure long-term operational resilience.

LACK OF BANKABLE PROJECTS AND DEVELOPER CAPACITY
Many local developers lack the technical expertise, financial literacy, or proper documentation required to present their

projects in a manner that aligns with investor expectations. This often leads to uncertainty regarding the viability, scalability,
and governance of their DES initiatives.

To overcome these challenges, it is important to fund project preparation facilities that can help improve the technical,
legal, and financial documentation of DES projects. Supporting incubation and acceleration programmes for early-stage
developers can also strengthen their capacity and readiness for investment. Additionally, offering credit enhancements,
such as partial risk guarantees, can help de-risk investments and build confidence in less experienced operators.
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To attract private capital and de-risk investments in DES, it is essential to develop a financing approach that combines
both concessional and commercial capital sources. Grants or low-interest loans from DFIs can be used to absorb early-
stage risks, making projects more attractive to private investors. In addition, implementing risk mitigation tools, such as
guarantees, insurance, and currency hedging mechanisms, can help protect against political, exchange rate, and credit-
related uncertainties.

Support should also be provided for capacity building, regulatory reform, and project preparation to enhance the overall
bankability of DES initiatives. These efforts contribute to a more stable and investable environment for long-term energy
solutions.

To enable the commercial viability of solar energy solutions in Africa, a blended finance facility should be designed that
integrates concessional capital with risk mitigation instruments and capacity-building support. Mobilising substantial private
sector participation in DES, particularly solar-based systems, requires blended finance instruments that not only reduce
investment risks but also strengthen the broader ecosystem. This includes improving regulatory stability, enhancing project
bankability, and ensuring the long-term success of energy access initiatives.

COMBINE CONCESSIONAL AND COMMERCIAL CAPITAL SOURCES

Leverage limited public and philanthropic funds to catalyse significantly larger volumes of private capital.

e Concessional Capital: This type of financing includes grants, soft loans, first- loss equity, and subsidised credit lines.
These financial instruments are typically provided by DFls, multilateral development banks (MDBs), bilateral donors,
or climate funds. They are used to absorb early-stage risks, support unproven technologies or innovative business
models, and accommodate longer project development timelines.

e Commercial Capital: This type of capital is sourced from commercial banks, private equity firms, infrastructure
funds, corporations, and institutional investors. It offers access to larger and more sustainable flows of financing,
but it typically requires strong risk-adjusted returns to be viable. Commercial capital is usually attracted only after
concessional funding has been used to improve the investment’s risk-return profile, thereby making the opportunity
more appealing to private investors. Example: Blended Structure: A solar micro-grid developer receives a grant
for project preparation, a low-interest loan for infrastructure development, and secures senior debt from a
commercial lender with a partial credit guarantee backing repayment.

UTILISE GRANTS AND CONCESSIONAL LOANS FROM DFls

Grants can play a crucial role in reducing the financing burden and enhancing the viability of early-stage or high-risk
projects. They are often used to fund essential preparatory activities such as feasibility studies, environmental and social
impact assessments (ESIAs), community engagement efforts, and early-stage technical design. Grants can also be used
to subsidise end-user connections or to lower capital costs in remote or marginalised areas, thereby improving access and
affordability.

Concessional loans, on the other hand, are typically offered at below-market interest rates and may include longer
repayment tenors and grace periods. These favourable terms help reduce the weighted average cost of capital (WACC),
making projects more affordable and financially sustainable over the long term.

Example: A rural solar PAYG company secures a $200,000 concessional loan at 2% interest over 10 years from a
DFI to support customer acquisition and distribution infrastructure.
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IMPLEMENT GUARANTEES, INSURANCE, AND HEDGING MECHANISMS

These instruments are critical for protecting investors against macro-level and project-specific risks, thereby unlocking
commercial capital.

The different types of instruments are:

Palitical Risk Guarantees are offered by institutions such as the Multilateral Investment Guarantee Agency (MIGA), the
African Trade Insurance Agency (ATl), and the Green Climate Fund (GCF). These instruments are designed to cover
a range of risks, including expropriation, political violence, and currency inconvertibility, thereby providing greater
security for investors operating in uncertain environments.

Credit guarantees are financial instruments that protect lenders against the risk of borrower default. By reducing the
perceived credit risk, these guarantees enable local banks to extend loans to DES projects, even when the borrowers
may not meet traditional creditworthiness criteria. This support helps unlock domestic financing for energy access
initiatives.

Construction Risk Guarantees provide financial protection against delays or failures that may occur during the
construction phase of a project. These guarantees are particularly valuable for projects with limited developer track
records or those that involve high upfront capital costs. By mitigating construction-related risks, they help build investor
confidence and facilitate project financing.

Currency Risk Hedging mechanisms are designed to protect project cash flows from exchange rate volatility. These
tools include financial instruments such as forward contracts, currency swaps, and local currency debt instruments.
By stabilising cash flows, they help ensure the financial viability of projects exposed to foreign exchange fluctuations.

Liquidity Facilities provide backup funding to cover periods of delayed revenue collection or unexpected operational
shortfalls. These facilities are especially useful during the early stages of a project or in situations where revenue
streams are unpredictable. By maintaining stable cash flow, they help ensure the continuity of operations and financial
stability.

Example: A mini-grid project denominated in Communauté Financiére Africaine (CFA) francs uses a currency
hedging facility backed by a development partner to stabilise USD loan repayments.

PROVIDE SUPPORT FOR CAPACITY BUILDING, REGULATORY REFORM, AND PROJECT PREPARATION

Even the best-designed finance instruments will fail in the absence of a strong enabling environment. Therefore, non-
financial support is crucial. These include capacity building, regulatory reform and project preparation support.

CAPACITY BUILDING

Support local developers with training in:

Financial modelling,
Project structuring,
Investor pitching, and

Build capacity of local banks to assess DES risk and participate in co-financing arrangements.

REGULATORY REFORM

Fund legal and policy advisory services for:

19

Mini-grid licensing frameworks,
Tariff-setting mechanisms,
Compensation rules when the main grid expands, and

Help establish independent regulators and transparent permitting systems.
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PROJECT PREPARATION SUPPORT
Create Project Preparation Facilities (PPFs) that:

e Fund pre-feasibility and feasibility studies,
e Support community consultations, and

e Conduct technical due diligence.

Example: A PPF supports a developer in Nigeria to conduct feasibility studies for ten mini-grid sites, backed by
concessional funding and supported by a streamlined licensing toolkit provided by the regulator.

DESIGN A DEDICATED BLENDED FINANCE FACILITY FOR SOLAR SOLUTIONS IN AFRICA

To achieve scalability, a dedicated programmatic facility must be created to aggregate projects, streamline financing, and
offer tailored support across the continent:

e Layered capital structure including: grants for TA and early-stage costs.

e First-Loss Capital from Philanthropic Sources: senior debt from commercial banks or institutional investors,
equity capital from impact and infrastructure funds.

¢ Risk Mitigation Instruments: embedded guarantees, insurance, hedging facilities, and credit lines backed by partial
guarantees to de-risk local lending.

e TA Window: supports developers, utilities, and public agencies with training, M&E tools, regulatory support, and
knowledge exchange.

e Geographic and Technological Scope: covers different solar applications: mini-grids, SHS, Commercial and
Industrial (C&l) rooftop solar, and hybrid solutions for public services (e.g., health clinics and schools).

e Performance-Based Disbursements: conditional funding based on project milestones (e.g., customer connections,
service uptime, and financial sustainability).

Blended finance instruments, when thoughtfully designed, play a transformative role in unlocking private capital for solar
and decentralised energy deployment in Africa. A well-structured, combination of financial tools and ecosystem support
can address the root causes of underinvestment, scale commercially viable solutions, and accelerate progress toward
universal energy access and climate resilience on the continent.
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To ensure the long-term financial sustainability and scalability of DES projects across Africa, it is essential to establish a
comprehensive financing framework. This framework must address the unique challenges of DES deployment, such as
high upfront costs, currency risks, and limited local capacity, while also creating the conditions necessary to attract and
retain private sector investment.

Key components of this framework, as highlighted in Figure 5, outline the steps required in establishing a sustainable
financing framework. These include the development of sustainable revenue models, alignment with national policy
objectives, and the implementation of robust monitoring and evaluation systems. PPPs play a critical role in sharing risks
and leveraging complementary strengths, while credit enhancement instruments can significantly improve the bankability
of projects.

Credit enhancement
instruments

Robust monitoring
and evaluation

Sustainable
financing framework

SYStEmS
_—
Green bonds and
Foster PPPs Sustainable financing
Financing frameworks
Framework

Figure 5: Establishment of a sustainable financing framework

Integrating blended finance approaches with tools such as green bonds and climate financing can unlock new sources of
capital. By engaging local stakeholders, ensuring transparent governance, and aligning with broader development goals,
this framework can support the growth of resilient, inclusive, and impactful DES initiatives across the continent.

To ensure the long-term financial sustainability and scalability of DES projects, it is essential to establish a comprehensive
framework that addresses key operational and strategic elements.

e  First, sustainable revenue models must be developed to ensure both affordability for end-users and financial viability
for project developers and investors. These models should be tailored to local market conditions and designed to
generate consistent income over the project’s lifespan.

e  Second, DES projects should be closely aligned with national development goals and renewable energy targets. This
alignment helps secure government support, policy incentives, and regulatory backing, all of which are critical for long-
term success.

e Third, robust monitoring and evaluation mechanisms must be implemented to track project performance and impact.
These systems ensure transparency and accountability, enabling continuous improvement and building trust among
stakeholders.
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FOSTER PUBLIC-PRIVATE PARTNERSHIPS

Encourage collaboration between government entities and private investors to share risks and leverage expertise:

e Joint Ventures: Partnerships should be established in which both parties contribute resources—such as funding,
expertise, or infrastructure—and share in the project's risks and successes. This collaborative approach fosters mutual
accountability and strengthens the long-term viability of the initiative.

e Co-Financing Agreements: Agreements should be established in which both the public and private sectors co-
invest in DES projects. Through these co-financing arrangements, each party contributes financial resources and
shares in the risks and benefits, thereby enhancing project feasibility and leveraging complementary strengths.

IMPLEMENT ROBUST MONITORING AND EVALUATION SYSTEMS

Develop systems to assess the effectiveness and impact of blended finance interventions:

e Performance Metrics: It is important to define clear and measurable indicators to assess the financial performance,
social impact, and environmental outcomes of DES projects. Financial indicators may include metrics such as RO,
payback period, and revenue stability. Social impact can be measured through indicators like the number of households
electrified, improvements in quality of life, or job creation. Environmental outcomes should be tracked using metrics
such as greenhouse gas (GHG) emissions avoided, renewable energy generation capacity, and improvements in local
air quality.

¢ Regular Reporting: Reporting mechanisms provide stakeholders with timely, accurate, and relevant information.
These should ensure regular communication on project progress, financial performance, and impact outcomes,
thereby promoting transparency, accountability, and informed decision-making.

e Feedback Loops: The creation of structured channels allows for feedback to stakeholders to share insights,
concerns, and suggestions throughout the project lifecycle. These feedback mechanisms should be designed to
inform continuous improvement and support adaptive management, enabling project teams to respond effectively to
emerging challenges and opportunities.

IMPLEMENT CREDIT ENHANCEMENT INSTRUMENTS

Utilising credit enhancement tools can improve the credit profile of DES projects, making them more attractive to investors:

¢ Political Risk Guarantees: Protect against risks like expropriation, currency inconvertibility, and civil unrest.
e Credit Guarantees: Cover debt service obligations, mitigating payment default risks.

e Construction Risk Guarantees: Secure investors against risks jeopardising project completion.

e Currency Risk Hedging: Provide protection against currency fluctuations.

e Local Currency Lending: Aligns debt repayments with project revenues in local currencies.

¢ Liquidity Facilities: Offer backup liquidity during construction and operational phases.

¢ Subordinated Debt Instruments: Enhance credit ratings by absorbing initial losses.

DEVELOP A SUSTAINABLE FINANCING FRAMEWORK

Developing a sustainable framework involves the following steps:

e Aligning Projects with National and Regional Development Goals: Projects should be designed to align with
national and regional development priorities, ensuring that DES initiatives contribute to broader objectives such as
expanding energy access, promoting economic development, and supporting climate resilience.

e Engaging Local Stakeholders: It is important to involve local communities, governments, and other stakeholders
in the design and implementation of DES projects. Their participation helps ensure that the solutions are contextually
appropriate, socially accepted, and sustainable over the long term.

DECENTRALISED ENERGY SYSTEMS 22



e Establishing Transparent Governance Structures: Clear and transparent governance structures should be
implemented to manage project funds and monitor outcomes effectively. This includes setting up well-defined policies
and procedures that promote accountability, build stakeholder trust, and support successful project execution.

LEVERAGE GREEN BONDS AND CLIMATE FINANCING

Issuing green bonds is an effective way to mobilise capital for environmentally sustainable projects, including those focused
on renewable energy and climate resilience. These bonds attract investors seeking both financial returns and positive
environmental impact. Additionally, the Green Climate Fund (GCF) offers a range of credit enhancement instruments, such
as credit guarantees and liquidity facilities, to support infrastructure projects in developing countries. These tools help
reduce investment risks and improve the bankability of climate-aligned initiatives.
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6. PHASE 4: MONETISATION

n this critical phase, a comprehensive suite of innovative monetisation strategies and financing mechanisms will be

explored and implemented to ensure both the financial viability and scalability of decentralised energy solutions. The

focus will be on creating sustainable revenue models that align with the socioeconomic context of target communities
while also unlocking private sector investment.

Financing mechanisms not limited to RBF and transition/climate bonds will be explored to mobilise resources. Alternate
funding will also be explored to unlock private capital. Derisking vehicles will be incorporated into the framework.

Availability Based Tarriffs
(ABT)

Feed-in-Tarrif

(FiT)

Tiered Pricing

Time of Use

Pay As Y\
y As You ~ (TOU)

Go (PAYG)

Implementing flexible and context-specific tariff models is essential to ensure affordability while attracting investment:

e PAYG Systems: Widely adopted for off-grid and mini-grid solutions, PAYG allows users to purchase energy in small,
affordable increments, typically through mobile money platforms. This approach reduces upfront costs, expands
energy access, and ensures recurring revenue streams for service providers.

e Feed-in Tariffs (FiTs): This option offers fixed payments to independent power producers (IPPs) for the electricity
they supply to the grid. This provides long-term revenue certainty, mitigates investment risk, and encourages the
development of renewable energy projects, particularly in rural and underserved areas.

e Availability-Based Tariffs (ABT): ABT charges consumers based on the guaranteed availability of electricity rather
than actual consumption. This encourages more efficient energy use and reduces demand during peak hours,
benefiting both utilities and consumers.

e Tiered Pricing: Designed to enhance affordability for low-income users, tiered pricing involves different pricing
brackets based on consumption thresholds. While basic energy needs are subsidised, higher consumption levels are
charged at a premium rate, ensuring overall cost recovery.

¢ Time-of-Use Tariffs: These tariffs vary electricity prices according to the time of day, incentivising users to shift their
energy consumption to off-peak periods. This helps to smooth out demand curves and optimises grid performance,
especially in areas with variable renewable energy (VRE) generation.
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To catalyse private sector participation and accelerate project rollouts, diverse financing options will be mobilised beyond
traditional models:

RESULTS-BASED FINANCING (RBF)

RBF is a performance-driven approach that directly ties financial disbursements to the achievement of predefined,
independently verifiable results. By shifting the focus from inputs and activities to tangible outcomes, RBF enhances
accountability, ensures cost-effectiveness, and drives a strong focus on project impact and sustainability. This option
is increasingly used in the energy sector to attract both public and private capital for high-impact projects, especially in
underserved markets. RBF reduces the risks for funders by only releasing payments once specific results are verified,
encouraging innovation, operational efficiency, and customer-centric solutions.

OUTCOME-BASED PAYMENTS

Funding is disbursed upon meeting specific targets, such as the number of installed systems, households electrified, or
reduction in carbon emissions. Under this mechanism, financial resources are released only after the successful delivery of
measurable outcomes.

EXAMPLES OF TYPICAL PERFORMANCE TARGETS IN THE ENERGY SECTOR CAN INCLUDE:

e The installation and operationalisation of a defined number of solar home systems or mini-grids.
* Include the number of households, schools, or businesses connected to clean energy sources.
e Disclose the quantifiable reductions in GHG emissions or fuelwood consumption.

e Clearly show measurable improvements in service reliability or quality.

This approach ensures that service providers are only paid after delivering results that have a direct positive impact on
end-users and broader development goals. It also reduces the risk of inefficient spending by avoiding upfront disbursement
without guaranteed performance.

A well-designed RBF framework relies on a clear, robust, and transparent set of performance indicators. These indicators
serve as the foundation for monitoring, verification, and payment disbursement. Key categories of indicators may include:

e Technical Indicators: Number of functional energy systems deployed, system uptime, or energy output levels.

e Economic Indicators: Energy cost reductions for end-users, cost per household electrified, or increase in income-
generating activities due to energy access.

e Social Indicators: Improvements in healthcare or educational services due to electricity access, number of jobs
created, or inclusion of women and marginalised groups in service delivery.

¢ Environmental Indicators: Volume of carbon emissions avoided, reduction in deforestation rates, or increase in
renewable energy generation capacity.

Verification of these indicators is typically conducted by independent third-party auditors or monitoring agencies to ensure
objectivity and credibility.
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RBF frameworks include incentive mechanisms designed to reward high-performing service providers and drive
innovation. These incentives align the interests of investors, implementers, and communities while encouraging continuous
improvement.

Typical incentive features include:

e Bonus Payments: Additional payments for surpassing performance targets, such as exceeding electrification goals
or reaching remote, underserved populations.

e Penalties for Underperformance: Reductions in disbursements for delays, non-compliance, or poor service quality.
e Efficiency Rewards: Incentives for achieving project outcomes at lower costs or faster timelines.

e Innovation Premiums: Financial recognition for deploying novel technologies or business models that enhance
project impact, such as energy-efficient appliances or community-based ownership models.

These incentive structures ensure that funding recipients remain motivated to optimise their operations while maintaining a
strong focus on delivering sustainable, high-impact energy solutions.

e Attracts Private Capital: Clear payment structures reduce investment risks, making energy projects more attractive
to private financiers and social impact investors.

e Enhanced Accountability: Payments tied to proven results, reducing the risk of fund misuse.

e Encourages Innovation: Providers are free to choose the most effective solutions to meet targets, fostering
competition and creative problem-solving.

e Improved Service Delivery: Incentives linked to customer satisfaction and long-term system performance encourage
providers to maintain high-quality services.

e Scalable and Replicable: This approach can be scaled up across different regions and technologies.

These bonds offer an effective way to attract institutional investors by channelling capital towards climate-aligned
infrastructure projects with the proceeds earmarked for clean energy deployment, with repayment linked to project
performance.

Blended Finance Structures: Combining concessional finance (from donors, DFls, or governments) with commercial
capital will reduce investment risks, lower capital costs, and enhance the bankability of projects.

To address market and operational risks that may deter private sector investment, a suite of de-risking tools is incorporated
into the financing framework:

e  Guarantees: Partial risk or credit guarantees to shield investors from default risk.

¢ Insurance Products: Coverage for political, currency, and project-related risks.

e Hedging Mechanisms: Tools to manage foreign exchange volatility, particularly for projects reliant on imported
equipment or foreign capital.
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To broaden the funding base and support long-term sustainability, the following can be explored:

e  Crowdfunding and Community Investment Models: Engaging local communities as investors to foster ownership,
buy-in and overall acceptance.

e Carbon Credit Trading: Monetising emission reductions through verified carbon offset programmes to generate
additional revenue streams.

¢ Impact Investment Funds: Attracting investors with a dual focus on financial returns and measurable social and
environmental outcomes.

Monetarisation represents a pivotal step in creating commercially viable and socially inclusive decentralised energy markets.
By leveraging tailored tariff models, innovative financing mechanisms, and robust de-risking tools, this phase aims to
unlock large-scale private sector participation, foster long-term sustainability, and drive universal energy access.
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7. CONCLUSION

The widespread adoption of DES is crucial for achieving universal energy access in Africa, particularly since centralised
systems alone cannot bridge the gap for the over 600 million people who currently lack electricity. The roadmap outlines a
comprehensive, four-phase strategy to facilitate this transition, moving from initial feasibility and strategic planning to pilot
projects, and ultimately to large-scale commercial deployment and monetisation.

The first phase, Feasibility and Strategic Planning, emphasises the importance of early- stage activities such as rigorous
planning, stakeholder coordination, and the use of modern tools like geospatial analysis to de-risk investments and
align projects with national development goals. Building on this foundation, Phase 2 focuses on Pilot Design and
Demonstration, where a variety of DES solutions are tested in diverse contexts to validate their technical, economic, and
social viability. This phase also introduces innovative financing mechanisms, such as blended finance and RBF, to attract
investment and prove the long-term sustainability of projects.

The transition to Phase 3, Scale-up and Commercial Deployment, hinges on addressing key investment barriers,
including high upfront costs, inconsistent policies, currency volatility, and a lack of bankable projects. To overcome these
challenges, the roadmap proposes a programmatic approach using standardised blended finance frameworks, credit
enhancement instruments, and a layered capital structure to mobilise public and private capital at scale. Finally, Phase 4,
Monetisation, focuses on creating sustainable revenue models through flexible tariff systems (e.g., PAYG) and leveraging
innovative financial tools like carbon credit trading and climate bonds to ensure long-term financial viability and scalability.

By integrating these phases, the roadmap provides an integrated framework that leverages Africa’s renewable resources
and entrepreneurial spirit to foster innovation and local ownership in energy solutions. The success of this strategy
requires a unified vision, transparent governance, and sustained collaboration among governments, the private sector,
and communities to transform DES from niche markets into mainstream solutions for energy access and climate resilience.

To effectively drive the sustainable financing and widespread adoption of DES across Africa, the following five key
recommendations, each with actionable implementation steps, are crucial. These recommendations are designed to
address identified barriers, leverage opportunities, and foster a robust ecosystem for DES development and scale.

RECOMMENDATION 1: ESTABLISH A PROGRAMMATIC BLENDED FINANGE FRAMEWORK

To move beyond isolated pilot projects, a standardised, programmatic approach to blended finance should be created.
This framework will aggregate smaller DES projects into a single investment platform, making them more attractive to
institutional investors who prefer scale and reduced transaction costs.

e Implementation Step 1: Design a standardised layered capital structure that combines public grants, concessional
loans, and commercial capital, with grants absorbing first losses to de-risk private investment.

¢ Implementation Step 2: Develop standardised investment templates, legal contracts (e.g., PPAs), and risk-sharing
agreements to lower legal fees and accelerate deal closures.

¢ Implementation Step 3: Create a dedicated programme management entity to oversee the flow of funding, manage
procurement, and conduct monitoring and evaluation for the entire portfolio of projects.
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RECOMMENDATION 2: STRENGTHEN THE REGULATORY AND POLICY ENVIRONMENT

Clear, consistent, and supportive policy and regulatory frameworks are essential to build investor confidence and reduce
market uncertainty. Many African countries have unclear licensing procedures, unpredictable tariffs, and a lack of clarity on
grid expansion compensation, which discourages private sector participation.

¢ Implementation Step 1: Fund TA facilities to help governments and regulators develop clear mini-grid licensing
frameworks, predictable tariff-setting mechanisms, and standardised interconnection rules.

¢ Implementation Step 2: Establish guarantees or compensation mechanisms to mitigate the risk of stranded assets
for mini-grid operators if the central grid is extended to their areas.

¢ Implementation Step 3: Promote policy harmonisation across national and subnational authorities and align DES
development with national electrification plans and climate commitments to ensure long-term stability and support.

RECOMMENDATION 3: IMPLEMENT TARGETED RISK MITIGATION AND CREDIT ENHANCEMENT INSTRUMENTS

To effectively mobilise commercial capital, specific tools must be implemented to address the key investment barriers of
currency volatility and credit risk.

¢ Implementation Step 1: Utilise currency risk hedging mechanisms, such as those provided by institutions like TCX,
to protect project cash flows from foreign exchange rate fluctuations.

e Implementation Step 2: Deploy credit guarantees, backed by DFls, to protect lenders against the risk of borrower
default, thereby enabling local banks to extend loans to DES projects.

e Implementation Step 3: Offer political risk guarantees from organisations like the MIGA to secure investments
against risks such as expropriation or political violence.

RECOMMENDATION 4: FOSTER DEVELOPER CAPACITY AND PROJECT BANKABILITY

The lack of bankable projects and local developer capacity is a significant barrier to scaling DES in Africa. Non-financial
support is crucial for building a robust pipeline of investment-ready projects.

e Implementation Step 1: Create and fund PPFs to provide financial and technical support for early-stage activities,
including feasibility studies, community consultations, and technical due diligence.

¢ Implementation Step 2: Support incubation and acceleration programmes for local DES developers to train them in
financial modelling, project structuring, and investor pitching.

¢ Implementation Step 3: Build the capacity of local financial institutions to accurately assess DES project risks and
participate in co-financing arrangements, thereby unlocking domestic capital.

RECOMMENDATION 5: LEVERAGE RESULTS-BASED FINANCING AND CARBON MONETISATION

To ensure accountability and financial sustainability, funding should be tied to measurable outcomes rather than just inputs.
Monetising environmental benefits can also create additional revenue streams and attract new types of investors.

e Implementation Step 1: Design RBF frameworks that disburse funds based on the achievement of specific,
independently verifiable targets, such as the number of households connected, schools electrified, or quantifiable
reductions in GHG emissions.

¢ Implementation Step 2: Incorporate incentive structures that include bonus payments for exceeding performance
targets and penalties for underperformance to reward efficiency and drive innovation.

¢ Implementation Step 3: Establish mechanisms to monetise carbon emissions reductions through verified carbon
credit trading programmes, which can generate additional revenue streams and link environmental stewardship with
economic incentives.
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SECTION B: EXECUTIVE SUMMARY

ission 300, pioneered by the World Bank Group and the African Development Bank, is a transformative initiative

aimed at connecting 300 million people in SSA to electricity by 2030. This mission addresses the continent’s vast

energy access gap, home to 83% of the global electricity deficit, through a blend of grid expansion and DES. The
initiative emphasises inclusive, sustainable development by mmobilising PPPs, catalysing policy reforms, and investing in
scalable infrastructure. This guideline aligns with Mission 300’s vision by focusing on the strategic scaling of DES in Africa,
which is pivotal to reaching remote communities, enhancing energy equity, and fostering economic resilience.

At its core, Section B advocates for a fundamental shift in energy planning, moving beyond traditional centralised grids
to embrace integrated, least-cost solutions that prioritise distributed energy resources. This requires flexible and adaptive
policies that are regularly reviewed to accommodate technological advancements and market evolution. Key to this is
establishing clear national energy strategies that integrate DERSs, streamline licensing processes, and provide tailored
financial support to balance affordability for consumers with commercial viability for operators.

Effective implementation hinges on meticulous resource assessment and planning, utilising geospatial analysis to identify
optimal DES locations and suitable renewable energy technologies like such as solar PV and wind, complemented by
robust battery storage for stability. The design must also account for climate resilience, ensuring systems are robust and
adaptable.

Financing is a pivotal element, with the roadmap highlighting the decreasing cost of solar hybrid mini-grids. This
necessitates innovative financial mechanisms, including private investment attracted by reduced risks through clear policy
and governance.

Strong institutional coordination and governance are paramount, requiring governments to anchor clean energy transitions
in well-defined strategies with realistic targets. This includes streamlining administrative processes to reduce transaction
costs and fostering an environment conducive to investment.

Technology and implementation focus on leveraging sustainable and cost-effective renewable energy sources. This involves
careful system design, modelling for load requirements, and the deployment of smart control systems for efficient operation
and grid integration.

Market development is supported by fostering local ecosystems and innovation through targeted public support, including
both demand-side incentives and supply-side grants for manufacturing. The roadmap showcases successful business
models such as PAYG and micro-financing, emphasising the need for strategic government intervention to stimulate local
manufacturing.

Finally, the guideline stresses the importance of robust monitoring and evaluation (M&E) systems to gather data on
performance and impact, enabling continuous adaptation and ensuring financial sustainability. Crucially, scaling DES is
dependent on building human capital, addressing skill gaps across the entire value chain, and fostering active community
engagement to ensure the long-term feasibility and sustainability of deployments. Ultimately, future-proofing DERs through
climate resilience and digitalisation is presented as a cross-cutting imperative for their successful and sustained expansion
in Africa.

Six primary conclusions from the document are summarised in below. Firstly, DERs are the optimal solution for energy
access in SSA and offer multifaceted benefits beyond electrification. Scaling DES requires governance and regulatory
frameworks, along with innovative financing to de-risk DERs. Human capital and local value chains are strategic imperatives
to ensure the success of scaling DES. Finally, digitalisation and climate resilience are cross-cutting enablers for scaling DES
in SSA.
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The following actionable recom-
mendations are put forth for policy-
makers, government advisors, and
international development profes-
sionals in SSA, summarised in the
figure to the right.

Scaling DES in SSA starts with
governments integrating DERs as
central pillars in the national energy
plans. Adaptive and transparent
regulatory frameworks must be
fostered. In parallel, mobilising
diverse and de-risked financing
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Figure 6: Actionable recommendations

creates signals to cultivate robust local market ecosystems and innovation hubs. Finally, DERs must be future-proof with
climate change resilience and digitalisation. The five core steps, i.e., strategic integration into national plans, adaptive
regulatory frameworks, de-risked financing, robust local ecosystems, and future-proofing, are interdependent and must
be pursued concurrently to achieve transformative impact. By adopting these comprehensive and integrated strategies,
countries in SSA can accelerate their journey towards universal energy access, foster sustainable economic development,

and build resilient energy systems capable of navigating the challenges of a changing climate.
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Figure 7: Five core steps

Beyond the five core steps, two cross-cutting enablers —human capital development and active community engagement—
are fundamental to the long-term success and scalability of DES in Africa. These elements are not standalone initiatives
but are intrinsically woven into the fabric of every step, ensuring that projects are not only technically sound and financially

viable but also socially accepted and locally sustainable.

The success of DER scale-up is fundamentally tied to the capabilities of the institutions responsible for their oversight and
implementation, as well as the availability of skilled personnel. A lack of skilled personnel and organisational expertise can
become a critical bottleneck, even when supportive policies and financial resources are abundant. The development of
mini-grids and other DERs requires a distinctive set of skills across the entire value chain, from initial site selection and
financial modelling to project construction and ongoing operations and maintenance (O&M). Common skill gaps exist
among various stakeholders, including project management and risk assessment for developers, Geographic Information
System (GIS) planning and payment collection for utilities, project appraisal for banks, system design for engineers,
technology familiarity for suppliers, and coordinated planning for policymakers.
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CORE STEPS IN SCALING DES IN AFRICA

Five core steps are identified for scaling DES in Africa, and are summarised in the table below.

Table 1: Steps in scaling DES in Africa.

STEP NAME

Integrate DES as Central
Pillars in National Energy
Plans

ORDER OF IMPORTANCE = PRIMARY ACTION AREAS

Foundational (High)

Shift from “grid-only” to “least-cost, integrated
solutions”;

Develop long-term electrification plans with
explicit DES targets; and

Leverage geospatial analysis for
optimal deployment.

KEY STAKEHOLDERS INVOLVED

Governments (Energy Ministries,
Planning Agencies), National
Utilities, Researchers, International
Development Partners

Foster Adaptive and
Transparent Regulatory
Frameworks

Foundational (High)

Design adaptive policies with regular review
mechanisms;

Establish clear and comprehensive regulatory
frameworks;

Implement innovative regulatory
mechanisms (sandboxes, contracts); and
Streamline bureaucratic processes.

Governments (Regulators,
Ministries of Energy and/

or Finance), Private Sector
(Developers, Investors), Industry
Associations, Legal Experts

Mobilise Diverse and De-
risked Financing

Critical Enabler (High)

Design smart subsidies and fiscal incentives;

Leverage concessional finance and guarantees
from development partners;

Promote innovative financial

mechanisms (equity,debt, and business models;
and Develop robust risk-sharing tools.

Governments (Finance Ministries),
Multilateral/Bilateral Development
Partners, Private Investors, Local
Financial Institutions, Mini-grid
Developers

Cultivate Robust Local
Market Ecosystems and
Innovation Hubs

Long-term Sustainability
(High)

Align with national job creation and
entrepreneurship strategies;

Invest in comprehensive skill-building; Leverage
local resources and supply chains; Support
domestic component manufacturing; and
Foster cross-country partnerships.

Governments (Labour, Industry,
and, Education Ministries),
Academic Institutions, Local

Industry and Entrepreneurs,
Local Communities, International
Development Partners

Future-Proof DES through
Climate Resilience and
Digitalisation

Cross-cutting Imperative
(High)

Integrate climate risk assessments into
planning; Invest in digital infrastructure (smart
meters, monitoring tools); Update grid codes
for advanced inverter functionalities; Foster
coordination betweenbetween Transmission
System Operators (TSOs) and Distribution
System Operators (DS0Os).

Governments (Energy and
Environment Ministries), TSOs,
DSOs, and Researchers

STEP 1: INTEGRATE DES AS CENTRAL PILLARS IN NATIONAL ENERGY PLANS

Governments must develop and implement long-term electrification plans that explicitly prioritise solutions like mini-grids
and solar home systems for rural and remote communities. These plans should be guided by geospatial analysis to identify
cost-effective deployment zones and establish clear, time-bound targets for DER deployment, with mechanisms to adapt
to technological innovations and evolving market conditions.

STEP 2: FOSTER ADAPTIVE AND TRANSPARENT REGULATORY FRAMEWORKS

Governments should adopt adaptive policy designs with regular review mechanisms, such as dynamic tariffs, to align
with market and technological progress. A clear and comprehensive regulatory framework covering market entry, retail
tariffs, service standards, and grid integration is essential for investor predictability. Innovative approaches like “regulation
by contract” and “regulatory sandboxes” can de-risk new business models. Streamlining bureaucratic processes through
standardised templates, digital platforms, and coordinated oversight will reduce transaction costs and accelerate project
implementation.

33 DECENTRALISED ENERGY SYSTEMS

s BB e BEm A N o 4



STEP 3: MOBILISE DIVERSE AND DE-RISKED FINANCING

It is essential to design and implement smart subsidies, such as performance-based grants and front-end subsidies, to
attract private investment without fostering long-term dependency. Collaboration with multilateral and bilateral development
partners to access concessional finance and guarantees is crucial for de-risking projects. Promoting innovative financial
mechanisms like PAYG models, carbon credit schemes, and micro- financing institutions can improve affordability and
unlock new capital sources. Robust risk-sharing tools, including minimum revenue guarantees and currency risk mitigation
instruments, should be developed to enhance project financial viability and attractiveness to the private sector.

STEP 4: CULTIVATE ROBUST LOCAL MARKET ECOSYSTEMS AND INNOVATION HUBS

Deployment efforts should align with national job creation strategies and entrepreneurship programmes, building local
capacity for installation, operation, maintenance, and productive energy use. Investing in comprehensive skill-building
across the DES value chain through partnerships with academic institutions and industry is key. Leveraging local resources
and existing market structures by incentivising local sourcing and value addition can reduce reliance on imports. Strategic
industrial policies should support domestic DER component assembly and manufacturing through targeted incentives
and rural community development programme grants. Fostering cross-country partnerships and knowledge transfer will
accelerate innovation and market maturity.

STEP 5: FUTURE-PROOF DES THROUGH CLIMATE RESILIENCE AND DIGITALISATION

Integrate climate risk assessments into all stages of DER planning, designing and deploying disaster-resilient systems,
such as microgrids with islanding capabilities, particularly for vulnerable regions and critical infrastructure. Investing in
digital infrastructure like smart meters, Advanced Metering Infrastructure (AMI), and distribution network monitoring tools is
key to improving grid visibility and enabling real-time DER management. Updating grid codes to require advanced inverter
functionalities for new DER installations will allow these systems to provide essential grid support services. Fostering
coordination between TSOs and DSOs through new communication protocols and data-sharing platforms is critical for
seamless integration and optimised dispatch of DERs across the network.
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1. INTRODUCTION AND THE DECENTRALISED

ENERGY SYSTEMS CONTEXT

Section B of the roadmap focuses on developing A guideline for scaling decentralised energy in Africa. The guideline
supports, accelerates and sustains DES across diverse contexts. It addresses the following that is required to scale DES
effectively, ensuring long-term impact and inclusivity.

Energy access remains a significant challenge, with progress slowing in recent years due to a range of factors. Reaching
remote communities is complex and costly, and affordability gaps hinders electrification efforts. Although technologies exist,
low-income households often lack the financial means and access to credit to adopt them. The Coronavirus disease 2019
pandemic and recent geopolitical tensions have reversed gains, driving up energy and food prices and pushing millions
back into energy poverty. Political instability in many low-access countries further deters investment and complicates
development efforts (India G20 Presidency
ETWG, 2023b).
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Figure 8 depicts the percentage of the rural
population that has access to electricity in
Africa (EA, IRENA, UNSD, World Bank, WHO,
n.d.).

The figure highlights that the lack of access in
SSA countries, which only has a 33.9% access
to electricity in rural areas, compared to the
84.8% global rural electricity access statistic.
In contrast, access to electricity in urban areas
for SSA is 83.0% (EA, IRENA, UNSD, World
Bank, WHO, n.d.). A rural area is principally
identified by a low population density and its
geographic remoteness from urban centres.
It typically includes expansive open land,
minimal built structures, and a predominance
of natural landscapes. The U.S. Department of
Energy elaborates that rural communities face
a unique set of energy challenges due to their
smaller populations and isolation from larger
electrical systems, including higher electric
bills, unreliable energy supplies, and little to
no access to electricity (U.S. Department of
Energy, 2024). These factors contribute to the
difficulties of electricity transmission to these
areas, hence justifying the above statistics.
This leads to the need of decentralised energy
systems.

Figure 8: Access to electricity in rural areas in Africa (EA, IRENA, UNSD, World Bank,
WHO, n.d.).
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DES follows the principle of setting up mini-grids in areas that electricity grids are not easily accessible. Mini-grids are
deliberately created, self-contained energy systems located at a customer site or within a portion of the local utility’s
distribution network. They include at least one DER and the electrical loads it provides power to (Kroposki, 2009).

The evolution of mini-grids started with the first generation, deployed during the late 19th and early 20th century when
electricity grids started up. This generation faced policy, regulatory and operational challenges. The second generation is
commonly found in low- income developing countries. It consists of small, isolated mini-grids that are usually constructed
by local communities as well as non-governmental organisations (NGOs), private companies, and government programmes
with the idea to provide basic electricity. Finally, the third generation uses advanced technologies and innovative business
models. It is designed with grid-interconnection readiness, anticipating future grid integration, microgrid expansion, efficient
appliances and productive energy use (HOMER Energy, 2020).

Figure 9 illustrates the standard structure within a mini-grid of a DES in comparison with a centralised energy system.
The traditional electricity network operates through a centralised system that includes three main stages: electricity is first
generated at large- scale power plants, then transmitted over long distances via high-voltage transmission lines and finally
distributed through lower-voltage distribution networks to reach end users such as homes, businesses, and industries.

The need for extensive transmission may be reduced in a DES, which can offer significant advantages to isolated areas
where transmission is challenging due to feasibility and accessibility constraints. Energy is generated within the mini-grid
and distributed to consumers without being tied to the grid. However, it is possible for the DES to be connected to the grid
as well for various reasons that will be discussed in detail later in the report.

Centralised Energy System Decentralised Energy System

Large scale
Eenaration

Figure 9: Traditional centralised energy systems compared to decentralised energy systems
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DES refers to power generation and storage systems situated close to or at the point of use. These systems may be
connected to a local distribution network or a high-voltage transmission system, either directly or via a local network. The
definition also includes stand-alone systems that are entirely independent from public networks (Situmbeko, 2017).

With the focus being on rural areas, DES becomes a viable solution to the problem. This is due to the fact that transmission
to these remote areas comes at a high cost and long lead times, and the load demand of the area can be individually
considered in the design process.

A grid-tied mini-grid, also known as a non-islanded mini-grid, is a mini-grid that is linked to the main electrical grid. This
type of mini-grid can draw power from the grid, send power back to the grid, and function in island mode, when necessary,
as directed by the operator. During the planning phase, it is essential to evaluate the hosting capacity of the feeder to
determine the appropriate size of the mini-grids. The grid-connected mini-grids will be permitted to export only the amount
of power that stays within the hosting capacity, and it may consume power as long as it does not exceed the loading
capacity of the connected infrastructure.

An off-grid microgrid, also known as an islanded mini-grid, operates independently and is not linked to the main grid. It
must regulate frequency, voltage, power requirements, and energy in a coordinated manner, ensuring a balance between
supply and demand within the system. Depending on the customer load demands, mini-grids can be scaled up or down
to meet this requirement.

Access to electricity is important for many aspects of modern life and development. The U.S. Energy Information
Administration elaborates in (EIA, 2023) that people need electricity for lighting, heating, cooling, and refrigeration and for
operating appliances, computers, electronics, machinery, and public transportation systems.

Access to electricity enriches the socio-economic sector. In households, it simplifies daily tasks by powering appliances
that reduce the time and physical effort required for chores such as washing clothes, preserving food, and maintaining
cleanliness. This efficiency allows families to allocate more time to income-generating activities or education. Cooking
becomes significantly easier and safer with electric stoves and appliances, reducing reliance on firewood or charcoal, which
are not only time-consuming to gather but also pose health risks due to indoor air pollution. This shift improves overall health
and frees up time — especially for women, who traditionally bear the burden of cooking and fuel collection. Electric lighting
extends productive hours into the evening, enabling children to study after dark and improving educational outcomes. For
women and girls, electricity opens doors to education and vocational training, as they are no longer confined to daylight
hours for learning or household duties. This empowerment fosters gender equality and contributes to broader economic
development by integrating more women into the workforce.

Electricity is vital for the operation of medical facilities. This, in turn, leads to better healthcare access for the community.
A lack of reliable electricity compromises the safe storage of temperature-sensitive medicines, including vaccines. This
issue is particularly critical in Africa, where diseases such as human immunodeficiency virus/acquired immunodeficiency
syndrome, tuberculosis, and malaria place a heavy burden on public health systems. Effective refrigeration, which depends
on an uninterrupted power supply, is essential to preserve vaccine efficacy and maintain the integrity of medical supplies
(WHO, 2023).

Healthcare systems require the powering of essential medical equipment, supporting cold chains for vaccines, enabling
diagnostic services, and providing crucial lighting for procedures and extended operating hours. Beyond direct medical
benefits, reliable energy improves staff well-being and retention by enhancing working conditions and safety. Moreover,
the transition to DRE reduces reliance on expensive and polluting diesel generators, leading to significant cost savings for
health facilities and a reduction in carbon emissions, contributing to climate resilience and sustainable development goals
(IRENA and SELCO Foundation, 2022b), (IRENA and SELCO Foundation, 2022a), (IRENA and SELCO Foundation, 2025),
(IRENA and SELCO Foundation, 2024).
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Notable case studies by IRENA on DES solutions to improve healthcare systems highlight the improvements and the
required investments:

e In Zimbabwe, where nearly a third of 1,848 health facilities lack reliable electricity, solar energy systems are being
implemented to address severe power cuts affecting emergency care and vaccine storage. The total investment to
provide reliable solar energy to all primary healthcare facilities, including staff quarters, is estimated at USD 15.4 million
(IRENA and SELCO Foundation, 2022b).

e In Burkina Faso, the Clinic Wolobougou, a rural maternal health clinic, saw a 25% increase in patients and a doubling
of childbirths after the installation of a decentralised solar system, due to increased trust and extended operating hours
(IRENA and SELCO Foundation, 2022a).

e In Mozambique, powering its entire primary healthcare infrastructure with reliable decentralised solar energy for all
regular services would require an estimated USD 16.5 million, offering a resilient solution to improve maternal and child
health, immunisation rates, and diagnostic services amidst frequent cyclones and floods.

e In S&o Tomé and Principe, powering its 40 healthcare facilities with solar PV as a primary source is estimated to require
an initial investment of USD 10.25 million over ten years, offering a pathway to energy self-sufficiency and improved,
uninterrupted healthcare delivery, particularly for its 37 health posts and health centres, which are the primary points
of care (IRENA and SELCO Foundation, 2024).

SSA has made progress expanding access to energy, as shown in Figure 10, where the percentage of persons with access
to electricity has improved from 33% in 2010 to 51% in 2023. However, the number of persons without access to electricity
has increased by 16 million, from 555 million in 2010 to 571 million (The Energy Progress Report, 2025).
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Figure 10: Sub-Saharan Africa access to electricity (The Energy Progress Report, 2025)

Rural electrification has not increased in many parts of SSA and most rural access is only for basic electricity for lighting
and mobile charging, without additional resources for income-generating activities needed to drive wider economic
development in these rural areas (IRENA and AfDB, 2022).

Access to electricity significantly boosts agricultural productivity and job creation by enabling the use of modern equipment
such as irrigation pumps, cold storage facilities, and processing machinery. Electrified irrigation systems allow for year-
round farming, increasing crop vyields and enabling multiple harvests, which in turn demand more labour. Cold storage
reduces post-harvest losses, supporting agribusinesses and creating jobs in storage, transportation, and distribution.
Additionally, electricity powers agri-processing units—such as mills and packaging plants—transforming raw produce
into market-ready goods and generating employment in rural areas. This electrification of agriculture not only enhances
food security but also stimulates rural economies by creating diverse job opportunities across the value chain. Access to
a reliable source of electrical power is a key factor in improving the quality of living standards in a community (Wallace,
Nilboworn, J Kluss, 2019). Transmission becomes particularly difficult when facilitating electricity access in rural areas
situated in remote locations in relation to the power generation sites.
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DES can play a pivotal role in solving the lack of access to electricity in Africa. Decentralised solutions provide a cost-
effective, rapid, and scalable means of delivering reliable and clean energy, simultaneously fostering local economic growth
and enhancing climate resilience.

The World Nuclear Association explains that over 40% of energy-related carbon dioxide (CO,) emissions are due to the
burning of fossil fuels for electricity generation (World Nuclear Association, 2024). It is further elaborated that all electricity
generation technologies emit GHGs at some point in their life cycle, however these emissions can be limited depending
on the type of technology.

An increase in greenhouse gas emissions is projected to intensify climate extremes and cause widespread, adverse
impacts on ecosystems, human health, and infrastructure worldwide —impacts that will disproportionately affect developing
countries, particularly in Africa, due to their heightened vulnerability and limited adaptive capacity (IPCC, 2024). These
future effects depend on the total amount of CO, emitted into the atmosphere (NASA, 2024). This signifies the importance
of the implementation of clean DES.

Figure 11 compares fossil fuels and renewables.

Fossil fuels have historically driven industrialisation and economic growth, but their environmental consequences,
geopoalitical risks, and geographic concentration have increasingly highlighted the need for a transition, as reaffirmed by
28th United Nations Climate Change Conference (COP28). In contrast, renewable energy sources—characterised by their
abundance and broad geographic distribution—offer enhanced energy security through greater stability, resilience, and
reduced vulnerability to supply disruptions.

Due to the impacts of climate change, which are largely driven by CO, emissions, the most vulnerable to risk are children,
older adults, people with heart or lung disease and people living in poverty (EPA, 2015). Thus, the most affected by climate
change are also the resource-constrained communities, exacerbated by lack of reliable electricity supply. This is a major
concern, given that the majority of the electricity gap is in under-developed countries, where good medical care is limited.
The importance of clean DES is vital to ensure both better public health in terms of reduced pollution and also improved
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Figure 11: Comparison of fossil fuels and renewable energy (IRENA, 2024a)
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The traditional approach to energy security and its limitations are highlighted in Figure 12 (IRENA, 2024a). If effectively
managed, the shift to renewable energy systems can substantially reduce the strategic risks associated with fossil
fuel dependence. National and regional adoption of renewables enhances energy autonomy and reduces exposure to
geopolitical vulnerabilities such as market manipulation and infrastructure disruptions.

Greater electrification and renewable integration can mitigate risks tied to fuel weaponisation, supply chain instability, and
environmental hazards. With supportive policies, local renewable generation can lower costs and deliver socio-economic
benefits aligned with regional needs. However, the pace of transition depends on public acceptance and community
engagement. DES further enhances local energy resilience by reducing dependence on centralised grids and improving
reliability in underserved or remote areas. By enabling communities to generate and manage their own power, DES
reduces vulnerability to large-scale grid disruptions. They also support faster recovery during outages, ensuring continuity
of essential services in critical sectors. As renewable sources become more abundant and cost-competitive, traditional
supply-side concerns are expected to decline in relevance, necessitating new approaches to energy security.
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Figure 12: Traditional approach to energy security, from (IRENA, 2024a)

This document is structured to provide a framework for advancing sectoral development, with each chapter addressing a
critical component ranging from policy reform and resource planning to technology deployment, market development, and
community engagement.

POLICY AND REGULATORY REFORM FRAMEWORK

This chapter emphasises the critical need for a paradigm shift from a “grid-only” approach to a “least-cost, integrated
solutions” mindset, where DERs are central to national energy plans. It advocates for flexible and adaptive DER policies,
incorporating mechanisms for periodic review to keep pace with technological advancements. Key recommendations
include improving visibility into distribution systems, ensuring reliable and flexible grid connections for behind-the-meter
(BTM) resources, opening markets to aggregated small-scale resources, and providing fair compensation for the multiple
benefits of DERs. The chapter also outlines the crucial roles of various stakeholders and identifies primary, secondary, and
tertiary measures for accelerating mini-grid deployment, encompassing national policies, legal provisions, taxation, and
capacity building.
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RESOURCE ASSESSMENT AND PLANNING

This section details the systematic approach to DES planning, focusing on identifying optimal DER capacity and selecting
appropriate generation technologies based on environmental factors and economic feasibility. It highlights the use of
geospatial analysis for site-specific solar and wind resource assessment and emphasises robust technical design and
distribution network planning, including smart control systems for efficient energy management and islanding capabilities
for resilience.

INSTITUTIONAL COORDINATION AND GOVERNANCE

Effective governance is presented as foundational for clean energy transitions, requiring governments to establish solid
strategies and detailed plans aligned with long-term goals.

National energy plans are vital for guiding investment, coordinating stakeholders, and reducing risks by providing policy
certainty. The chapter also stresses the importance of strong institutions and local capital markets, alongside the need
to streamline administrative processes and eliminate bureaucratic inefficiencies, to accelerate deployment and attract
investment.

TECHNOLOGY AND IMPLEMENTATION

This chapter focuses on renewable power generation technologies, primarily solar PV and wind, due to their sustainability,
cost-effectiveness, and abundance in Africa. It emphasises the integration of Battery Energy Storage Systems (BESS) for
grid stability and continuous supply. Key implementation considerations include system identification, modelling for load
tests, distribution network design with smart controls, and robust control systems for efficient DES operation

MARKET DEVELOPMENT AND BUSINESS MODELS

The roadmap advocates for fostering local and regional market ecosystems and innovation through targeted public support,
encompassing both demand-side incentives and supply-side grants for manufacturing and research and development
(R&D). It showcases successful global business models for DER deployment, such as fee-for- service, PAYG, and micro-
financing. Strategic government intervention is deemed necessary to address the “chicken-and-egg” problem in local
manufacturing by creating initial demand and de-risking early-stage ventures.

MONITORING, EVALUATION AND ADAPTATION

Robust M&E systems are highlighted as crucial for generating comprehensive data on performance, impact, and operational
challenges, which in turn facilitates financial flows for scaling. Continuous M&E enables strategic adjustments in support
mechanisms, ensuring long-term financial sustainability and efficient resource allocation for DES. The chapter emphasises
the use of comprehensive metrics across technical, economic, social, and environmental dimensions, along with proactive
risk assessment, especially concerning climate risks.

CAPACITY BUILDING AND COMMUNITY ENGAGEMENT

The success of DER scale-up is intrinsically linked to the capabilities of institutions and the availability of skilled personnel.
The roadmap stresses the need for building human capital and training across the entire mini-grid value chain, addressing
skill gaps in areas such as project management, GIS planning, and system design. Crucially, active early community
engagement is identified as vital for the feasibility and long-term sustainability of mini-grid deployments, supported by
technical collaboration and knowledge transfer.

41 DECENTRALISED ENERGY SYSTEMS




2. POLICY AND REGULATORY REFORM

FRAMEWORK

he experience of countries that have achieved significant gains in electricity access further reinforces the necessity

of a comprehensive and integrated approach. Nations such as Bangladesh, Cambodia, Kenya, Myanmar, Nepal,

Rwanda, and Nigeria, which have pursued strategies combining main grid extension, mini-grids, and solar home
systems, have consistently demonstrated the fastest progress in electrification rates (Energy Sector Management
Assistance Program (ESMAP), 2019). This observation emphasises that a successful national energy strategy is not a static
document but a dynamic, integrated roadmap that explicitly recognises and quantifies the pivotal role of DERs alongside
traditional grid expansion. It necessitates a paradigm shift from a “grid- only” mindset to a “least-cost, integrated solutions”
approach, characterised by clear, time-bound targets for DER deployment.

National energy plans must explicitly prioritise and integrate DERs as central pillars, rather than merely supplementary
solutions. This requires a fundamental re-evaluation of investment priorities and regulatory frameworks to facilitate rapid
DER deployment. Policies for DERs, especially in nascent markets, should incorporate inherent flexibility and a built-in
mechanism for periodic review and adaptation. This “test-and-learn” approach allows policymakers to effectively respond
to rapid technological advancements, market maturation, and unforeseen challenges, thereby preventing regulatory lock-in
that could stifle innovation and progress. The key is not merely to have policies, but to design them with the capacity to
evolve alongside the market dynamics. This can involve embedding mechanisms for automatic adjustments. Such flexibility
reduces regulatory uncertainty for investors while ensuring that public support remains efficient and targeted as technology
costs decline and markets mature.

Key policy and regulatory gaps were identified for electricity access in (India G20 Presidency ETWG, 2023b):

e While many countries acknowledge the importance of supportive policies for electricity access, overall policy and
regulatory progress remains limited.

e  Existing frameworks for electricity access often lack effective implementation and enforcement.

e There is a disconnect between policy provisions and financial mechanisms, limiting the ability of developers and
funders to leverage supportive regulations.

e Current policies do not adequately address the issue of consumer affordability, leaving many unable to access or
sustain electricity services.

e  Utilities in countries with low electricity access often face financial instability, preventing them from executing projects
at the necessary scale.

Innovative regulatory mechanisms foster continuous innovation and mitigate risks. These mechanisms provide flexibility and
de-risk early-stage technologies and business models, which is crucial for a sector characterised by rapid advancements:

1. Regulation by contract: allows private energy providers to operate under clearly defined rules regarding tariffs,
service quality, investment obligations, and dispute resolution, all specified in the contract. It provides legal certainty
and risk mitigation for investors while enabling governments to ensure public interest goals are met without needing a
fully developed regulatory regime.

2. Arbitration-style appeal mechanisms: in this setup, contracts or service agreements often include clauses that
specify how disputes will be handled, typically through independent arbitration panels or third-party mediators. This
provides a faster, more flexible, and often less costly way to resolve conflicts, which can increase investor confidence
and protect consumer rights. It also helps maintain trust and accountability in decentralised energy systems where
formal oversight may be limited.

3. Regulatory sandboxes: allow energy startups or service providers to pilot solutions - like peer-to-peer energy
trading, off-grid solar systems, or dynamic pricing—without needing to comply with all existing regulations upfront.
This approach lowers entry barriers, accelerates innovation, and helps regulators learn and adapt policies based
on real-world data. It is especially valuable in rapidly evolving energy markets where traditional regulations may lag
technological progress.
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To unlock the benefits of DES, regulators and system operators must work collaboratively to establish a level playing field. This
includes ensuring that the value DERs provide to the grid is accurately assessed, that owners are fairly compensated for their
contributions, and that system operators are equipped to fully integrate DER services into grid operations (IEA, 2022b). The
IEA highlighted four insights for unlocking the potential of distributed energy resources, summarised in Figure 13 (IEA, 2022b).

The four insights recommend better visibility of distribution systems and consumer dynamics, and grid
connections that are reliable and flexible for BTM resources. Markets should welcome aggregated small-
scale resources and multiple flexibility benefits of agile technologies at the edges of grids should receive fair
market compensation.
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Figure 13: The IEA highlighted four insights for unlocking the potential of distributed energy resources (IEA, 2022b)

LACK OF VISIBILITY INTO LOW-VOLTAGE GRIDS AND BTM RESOURCES

A barrier to effective DER integration is the limited visibility that regulators and system operators have into low-voltage
networks and BTM resources. This lack of transparency makes it difficult to plan, operate, and optimise the grid efficiently.
To address this, regulators and system operators must first identify existing data and monitoring gaps that hinder visibility.
A key recommendation is the development of a single, unified flexibility resource registry that is accessible to all market
participants. This registry would serve as a central platform for tracking and coordinating DER assets, enabling better
forecasting, planning, and real-time decision-making.

RELIABLE AND FFEXIBLE GRID CONNECTIONS FOR BTM RESOURCES

Ensuring that BTM resources can connect to the grid reliably and flexibly is essential for maintaining grid stability. Regulators
and system operators must update grid codes to require that BTM PV systems include advanced inverter functionalities,
such as voltage and frequency ride-through capabilities, and voltage regulation. These features help maintain grid stability
during disturbances. Additionally, the grid must be prepared for challenges such as reduced operational demand and
declining system inertia. Introducing flexible grid connection arrangements that reflect the actual impact of DERs will allow
for more dynamic and responsive grid operations.
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OPENING MARKETS TO WELCOME AGGREGATED SMALL-SCALE RESOURCES

Unlocking the potential of small-scale DERs requires opening energy markets to enable their participation through
aggregation. This can involve a range of entities acting as aggregators, including ESCOs community-based cooperatives,
licensed third-party operators, and even utilities. Regulators and system operators should enable independent aggregators
to operate across all market types — including balancing, ancillary, and capacity markets —through pilot projects that assess
their benefits and risks. It is also important to clearly define the roles and responsibilities of these aggregators. Market
design should evolve to accommodate smaller participants by lowering minimum bid sizes, shortening procurement and
delivery periods, and allowing prequalification of aggregated resource pools. These changes will help ensure that small-
scale resources are not unfairly excluded from market participation.

FAIR MARKET COMPENSATION FOR MULTIPLE FLEXIBILITY BENEFITS OF AGILE TECHNOLOGIES AT GRID EDGES
RECOMMENDATIONS

DERs often provide multiple flexibility services that are not adequately compensated under current market structures.
Regulators and system operators must improve market pricing mechanisms to ensure fair compensation. This includes
increasing the temporal granularity of prices by shortening settlement periods in intraday and real-time markets, and
enhancing locational granularity through tools like nodal pricing, flexibility marketplaces, or dynamic network tariffs. DERs
should be compensated for the full value of their flexible capacity. Establishing clear market rules and coordination platforms
will support the integration of these resources, and ensure they are rewarded for their contributions to grid stability and
efficiency.

Stakeholder support requires that each key role player commits unprecedented levels of investment, innovation and
commitment from developmental partners, governments, and across the mini-grid industry (Energy Sector Management
Assistance Program (ESMAP), 2019). The stakeholders are separated into two parts:

1. The different stakeholders are policymakers, regulators, development partners, developers, industry associations,
investors, suppliers, and researchers,

2. Consumers, such as residential users, commercial and industrial entities, public institutions, organisations and
agricultural users.

These roles and responsibilities are summarised in Figure 14 and Figure 15.

The consumers act as adopters and beneficiaries, choosing and using DES solutions such as solar home systems
and mini-grids to gain reliable, affordable electricity. As co-creators of demand, their energy needs and usage patterns
help shape the design and scale of these systems. Consumers also serve as financial contributors, paying for services
through various models such as PAYG or microfinancing. In community-based setups, they may become operators and
maintainers, ensuring the systems run smoothly. Additionally, they function as advocates and stakeholders, engaging with
developers and policymakers to push for inclusive and sustainable energy policies. In some contexts, they even participate
in regulatory processes, voicing their needs to influence energy governance. Through these roles, consumers are not just
passive recipients but active participants in Africa’s energy transformation.
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Figure 14: Stakeholder roles and responsibilities to connect half a billion people to mini-grids by 2030, summarised from (Energy Sector
Management Assistance Program (ESMAP), 201S)
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Mini-grids and DES are used interchangeably because both refer to localised energy systems that generate, store, and
distribute electricity independently or in coordination with the main grid.

Three levels of accelerating DES deployment are identified and summarised in Figure 16 (IRENA, 2018):

e Primary measures are fundamentally linked to the national energy framework and fall under the responsibility of
public institutions tasked with energy governance, such as energy ministries. These measures encompass policies
and regulations governing the electricity sector, rural electrification strategies, regulatory structures, quality standards,
and direct financial assistance for mini- grid initiatives.

e Secondary measures, while not directly tied to the energy sector, significantly influence the feasibility of mini-grid
development. These measures are generally overseen by non-energy ministries and related public agencies. They
include policies concerning taxation, land tenure, environmental regulations, and banking systems.

e Tertiary measures help shape the broader enabling environment for mini-grids by facilitating the effective
implementation of primary and secondary measures. Although theirimpact is often indirect and difficult to quantify, they
play a crucial supportive role. These measures are typically carried out by local institutions or external organisations,
such as DFIs and NGOs. Examples include capacity building, data collection, and initiatives to enhance cross-sector
collaboration.
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Figure 16: Measures to accelerate mini-grids and therefore DES deployment, from (IRENA, 2018)

IRENA has conducted RRAs on countries (IRENA, 2025f). These RRAs are a country-led process that identifies short
and medium-term actions to accelerate renewable energy deployment. They provide a holistic evaluation of a country’s
renewable energy sector, highlighting policy, regulatory, and institutional gaps.

The four phases of the RRA are (IRENA, 2025f):

1. Initiation and demonstration of intent: This phase focuses on engaging with countries to select consultants and
identify key stakeholders for the RRA. Development partners may also commit to supporting the process. Based on
collected national data, the appointed consultant drafts a background paper outlining the country’s socio-economic
context, energy sector landscape, and renewable energy potential. Once finalised, a National Expert Group—
comprising local decision-makers and experts—is formed to identify up to five priority service-resource pairings.
Regional and international experts may also be invited to contribute.
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2. Detailed country assessment and action plan: This phase centres on finalising the RRA service-resource pair
templates through discussions within the National Expert Group and drafting a prioritised action plan during the RRA
Expert Workshop. High-level stakeholder interviews are conducted to provide broader insights and enrich the findings.
The RRA consultant then compiles these inputs into a draft RRA report.

3. RRA validation and finalisation: In this phase, the draft RRA report is presented for validation during a stakeholder
workshop. After incorporating feedback and completing a peer-review process, the RRA consultant, the responsible
ministry, and IRENA finalise and publish the official RRA country report.

4. Follow up: After publication, the RRA report is disseminated, and follow-up actions are undertaken by the government,
IRENA, development partners, and other relevant stakeholders. At this stage, IRENA and its partners may offer
continued support to facilitate further engagement and implementation efforts within the country.

Key recommendations for improving a country’s readiness towards the adoption of renewable energy could include (IRENA,
2023):

* Reinforce the institutional framework

e Develop and iteratively update an Integrated Resource Plan

e Reinforce the grid and develop storage solutions at a large scale

¢ Develop business models for rural electrification that are attractive to private investors

e  Strengthen the existing legislation and contracts to create financial and fiscal incentives

¢ Develop specific and affordable renewable energy financing instruments, including with local financing institutions
e  Operationalise on-grid rooftop solar, net metering and prosumers

e  Consider and regulate the solar home system market as a sizeable market segment for access

e Develop a strategy to position local industries across renewable energy value chains

e Assess the bioenergy potential for power generation, transport sector, and clean cooking

e Review the hydropower potential and current project proposals

The following countries have completed RRAs by IRENA: Botswana, Mali, Tanzania, Ghana, Mauritania, Djibouti, Swaziland,
Niger, the Gambia, Zambia, Senegal, and Mozambique (IRENA, 2025f).

Strong institutional frameworks that accommodate diverse delivery models are characterised by (Energy Sector
Management Assistance Program (ESMAP), 2019):

1. Governments that recognise mini-grids as a desirable and viable electrification option
Government institutions support mini-grid development through their actions and decisions
Institutional frameworks that are flexible enough in principle to support a variety of mini-grid delivery models

Frameworks that minimise duplication of oversight and conflicting roles

o M 0NN

Key institutions that support ongoing capacity building

Many role-players and entities are involved: national utilities, energy regulators, rural electrification agency, environmental
agency, bureaus of standards, energy associations, local development banks and financial institutions, social and NGOs,
customs authorities, international development banks and development partners.

Figure 17 summarises the sample institutional framework which affects mini-grid developers (Energy Sector Management
Assistance Program (ESMAP), 2019). The deployment of mini-grids should be explicitly acknowledged and integrated into
high-level policy documents, such as national energy plans. Institutional roles and responsibilities must be clearly defined,
transparent, and harmonised. The institutional framework should support a variety of implementation models and remain
adaptable to align with the country’s electrification strategy. Governments should avoid making changes to this framework
unless the goal is to streamline or simplify it (Energy Sector Management Assistance Program (ESMAP), 2019).
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Figure 17 shows both national and international institutions. National institutions are the Ministry of Energy, energy
regulator, national utility, rural electrification agency, environmental agency, Ministry of Finance and others, such as the
Bureau of Standards, energy associations, Ministry of Labour, Ministry of Rural Development, local development banks
and NGOs, etc. International institutions are development banks and development partners. Some of the potential roles
these stakeholders could undertake to scale DES are summarised in Figure 18 (Energy Sector Management Assistance
Program (ESMAP), 2019).
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Figure 17: Sample institutional framework affecting mini-grid developers, from (Energy Sector Management Assistance Program (ESMAP),
2019)
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Figure 18: Stakeholder roles in scaling DES, from (Energy Sector Management Assistance Program (ESMAP), 2019)
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The inherent unpredictability of emerging markets necessitates regulatory frameworks that can swiftly adjust to new
realities, rather than becoming static barriers to progress. This approach also suggests the potential utility of “regulatory
sandboxes,” which allow for controlled experimentation with new technologies and business models in a live environment
without immediately requiring a full overhaul of existing regulations. By embracing adaptive policy design, regulatory bodies
can establish clear processes for policy review and robust stakeholder consultation, enabling rapid iteration and refinement
of DER support mechanisms. This proactive stance ensures that the policy environment remains conducive to innovation
and scale, supporting the long-term sustainability and growth of the DER sector.
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3. RESOURCE ASSESSMENT AND PLANNING

his chapter examines the foundational methodologies and planning instruments necessary for the successful
implementation of DES.
Figure 19 shows the three parts of the resource assessment and planning for scaling DES in Africa:

1. Geospatial analysis,
2. Technical design and distribution network planning, and

3. Resilience and reliability.

Spatial modelling techniques enable high-resolution demand estimation and resource allocation. The technical design
and distribution network planning ensures efficient and reliable energy delivery. Resilience and reliability enhance system
robustness and ensures the continuity of service in the face of environmental, technical, and socio- economic disruptions.
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Figure 19: Resource assessment and planning
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Geospatial analysis decreases the cost of preparation and planning by an order of a magnitude as it allows developers
to assess mini-grid sites for a fraction of the costs of traditional site assessment activities (Energy Sector Management
Assistance Program (ESMAP), 2019). The prioritisation of sites for mini-grid development and technology-enabled
processes used to estimate demand enables developers to optimise system design across their portfolios.

The Global Atlas for Renewable Energy is a free, web-based GIS platform developed by IRENA that consolidates over
1,000 renewable energy datasets and advanced analytical tools. It enables users, such as policymakers, developers, and
researchers, to identify high-potential areas for solar, wind, bioenergy, geothermal, hydropower, and marine energy. By
overlaying ancillary data like infrastructure and population density, users can screen opportunities for further assessment.
Integrated simulators also support technical and financial evaluations for energy planning. IRENA continuously updates the
platform and welcomes contributions to expand its reach and impact (IRENA, n.d.), IRENA, 2024c).

Newer upgrades allow users to access datasets in different modes are summarised in Figure 18 (IRENA, 2024c). These
include:

1. Point queries: Allows users to select a specific location on the map to:

a. Access long-term annual and monthly average renewable resource data with national-level statistics.
b. Download hourly reanalysis datasets from ECMWF ERA5 and NASA MERRA-2.
C. Retrieve infrastructure-related data such as proximity to roads, power lines, and land cover.

2. Layer queries: Enables users to overlay multiple geospatial datasets to:

a. Extract data and basic statistics at single or multiple points.

b Visualise, clip, annotate, and customise map layers.

C. Create, save, and share maps via social media or embed them using HTML.
d Measure distances or areas and download datasets for offline use.

3. Investment opportunities information: Highlights optimal zones for solar PV and onshore wind deployment,
including generation profiles and key project attributes.
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Figure 20: IRENA Global Atlas for Renewable Energy summary with screenshots from the database, (IRENA, 2024c)
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GIS software and geospatial data are key tools for planning electrification at a national level and performing rapid site
assessments (Energy Sector Management Assistance Program (ESMAP), 2019). Digital tools that are mainstreaming
geospatial analysis tools are:

e Technology advancements and cost reductions of satellite imaging and machine learning,

* Increased sophistication of algorithms and analytical software,

e  Proliferation of global positioning system (GPS) devices and web-based and mobile technologies,
e Availability of high-quality open-source software, and

e Accessibility of big data and cloud-based computing.

The spatial modelling includes the supply and demand of electricity are geo-located and overlaid with additional supporting
data influencing the developer choices, as summarised in Figure 21.
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Figure 21: Spatial modelling inclusions

The spatial modelling identifies the optimal grid or off-grid technology with a least-cost plan, tailoring it to local circumstances,
technical feasibility and economic viability. At a micro-level, geospatial tools can size mini-grid generation and assist with
distribution network planning.

In data-scarce environments, alternative digital data sources—such as satellite imagery, mobile phone usage, weather
data, and e-commerce activity—are proving invaluable for decentralised energy planning. These tools enable countries to
bypass traditional, resource-intensive planning methods through a process known as digital leapfrogging. This shift not
only accelerates energy transitions but also opens the door to innovative, data-driven business models in the energy sector.
Key takeaways to using alternative data sources include:

e Proxy data sources (e.g., satellite images, mobile data, and weather trackers) fill gaps where official statistics are
lacking,

¢ Digital leapfrogging allows developing countries to skip over slow, costly planning processes,

¢ Remote and real-time data enables faster, more cost-effective energy planning.

e Enhanced accessibility of digital tools levels the playing field for countries with limited infrastructure,
¢ New business models emerge around data analytics and digital services in the energy sector, and

e Accelerated mini-grid deployment becomes possible through high-resolution, technology-enabled planning.
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Resources, such as Figure 22 and Figure 23, can be used as a data proxy source for determining where to place solar PV

and wind.
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Figure 22: Africa’s (a) average annual global horizontal irradiance and (b) most suitable areas for utility-scale solar PV, from (IRENA and AfDB,
2022)
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Figure 23: Africa’s (a) average annual average wind speed and (b) most suitable areas for utility-scale wind, from (IRENA and AfDB, 2022)
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Spatial modelling serves as a core methodology for precise resource assessment and optimised allocation in DES. This
involves precisely geo- locating the supply and demand of electricity, then overlaying these geo-located data points with
additional layers of supporting information that critically influence developer choices. Figure 24 summarises the geospatial
modelling core methodology.
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Figure 24: Geospatial modelling core methodology
Geospatial modelling involves:

e Optimal mini-grid sizing: Optimising mini-grid sizing, preventing both over- investment (which leads to wasted
capital) and under-investment (which results in poor service quality and lost revenue), thereby directly enhancing
financial viability and mitigating investment risk for developers. Accurate demand forecasting is essential to avoid
oversizing or undersizing.

e Socio-economic integration and infrastructure data: The integration of comprehensive socio-economic and
infrastructural data transforms energy planning from a purely technical exercise into a holistic socio-economic
development strategy. This multi-dimensional data integration ensures that mini-grid deployments are not only
technically feasible but also socially equitable, economically impactful (e.g., through fostering productive uses), and
deeply aligned with genuine community needs.

e Electrification planning: Empirical evidence demonstrates that countries adopting a comprehensive approach to
electrification planning, integrating main grid extensions, mini-grids, and solar home systems, have achieved the
fastest and most efficient results in expanding electricity access (Energy Sector Management Assistance Program
(ESMAP), 2019).

e Context-specific energy solutions: The spatial modelling approach is designed to ensure that all energy solutions
are meticulously tailored to specific local circumstances, guaranteeing both technical feasibility and economic viability.
“Tailoring” extends beyond mere technical fit; it encompasses a deep understanding of the community’s capacity to

pay, their prevailing economic activities, and their receptiveness to adopting new energy technologies, necessitating
robust local engagement and innovative financial mechanisms.
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Planning considerations for distribution networks involve:

e Accurate load forecasting and projections,
e Determining optimal locations and capacities for DERs,
e Understanding the grid impact by assessing voltage stability, power quality and protection coordination, and

e Ensuring interconnection standards with compliance in technical and regulatory requirements.

Hosting capacity is defined as the maximum amount of DER that a distribution feeder can accommodate without adversely
impacting system reliability or power quality, evaluated under existing control configurations and without requiring immediate
infrastructure upgrades.

Key factors influencing hosting capacity include:

e the size and location of the DER,

e the physical characteristics of the distribution system (such as voltage class, impedance, load magnitude, and
topology), and

e the specific DER technology employed.

Feeder designs that are more conducive to higher DER hosting capacities typically exhibit characteristics such as a higher
voltage class, lower system impedance, a more diverse feeder topology, lower and more balanced feeder loading, and
reduced voltage regulation.

The technical assessment ensures overall grid stability, helps avoid costly infrastructure upgrades, and maximises the
benefits of distributed generation, effectively transforming mini-grids from isolated systems into valuable grid assets.

Tools to evaluate the impact of mini-grids on voltage and current could be done using power flow analysis tools. The cost-
effective placement and operation of DER can be done using optimisation algorithm. As mentioned in the previous section,
GIS mapping tools can be used for the spatial analysis of load centres and future DER potential.

Effective planning tools must explicitly account for these extreme events to accurately assess the full spectrum of mini-grid
benefits. By systematically modelling and targeting improvements in these specific reliability metrics, mini-grid projects can
demonstrate a clear and quantifiable return on investment in terms of enhanced service quality and avoided economic
losses, appealing to a broader range of stakeholders, including public sector entities focused on public welfare and private
investors seeking tangible value.

The publication and awareness of DES available hosting capacity within the distribution network informs DES developers
where the optimised placement of energy systems can be input.

Designing DES to withstand extreme events and long-duration outages is increasingly critical. Mini-grids possess the
inherent capability to shield customers from power outages by autonomously disconnecting from the main grid during
disruptions and operating independently. This capability delivers a tangible “value of resilience” by mitigating economic,
health, safety, and security losses typically incurred during power outages, which collectively cost economies billions
annually.

Resilience is rapidly emerging as a critical, quantifiable value proposition for mini-grids, moving beyond mere reliability.
This shift directly responds to the escalating frequency and intensity of extreme weather events, positioning mini-grids as
essential infrastructure for climate adaptation and disaster preparedness. This, in turn, attracts new investment streams
specifically focused on risk mitigation and long-term stability. The escalating frequency and severity of extreme events,
coupled with the “outsized impact on reliability” of long-duration outages, underscore that resilience is no longer a desirable
feature but a fundamental necessity.
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Mini-grids offer a tangible and increasingly recognised solution to this growing challenge, helping ensure continuity of power
when the centralised grid fails. While they have demonstrated benefits in various contexts, outcomes can vary significantly
depending on governance, financing, and the quality of O&M—factors that temper the characterisation of mini-grids as a
universally ‘proven solution’. Nonetheless, these dynamics are creating a strong market driver for their deployment.

Resilient DES attracts capital from sectors which focus on climate risk and infrastructure robustness, attracting more
investors. Initiatives like CPI's Africa Climate Finance Center and the Global Innovation Lab have incubated over 40 early-
stage instruments targeting African markets (Climate Policy Initiative, 2024) while OECD data shows that despite adaptation
finance remaining relatively low, mechanisms such as guarantees and blended finance are being scaled to mobilise private
investment in sectors like energy and agriculture (OECD, 2023). Quantifying resilience strengthens the business case for
mini-grids; however, these calculations of reliability and resilience are inherently complex and methodologically demanding,
requiring a detailed characterisation of numerous outage types, especially rare but highly impactful extreme events.
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4. INSTITUTIONAL COORDINATION AND

GOVERNANCE

overnments must anchor clean energy transitions in solid strategies and detailed planning, with realistic short-term

targets aligned with long-term goals. National energy plans—such as power expansion, electrification, and climate

resilience —are essential for guiding investment, coordinating stakeholders, and reducing risk. Clear, consistent
strategies provide the policy certainty investors need, especially for mini-grids, by lowering perceived risks and the cost of
capital. Table 2 summarises the different institutions and their typical role involved with DES.

Table 2: Institutions and their typical DES-related roles

Institution Type Typical DES-Related Roles

Ministry of Energy or Power Sets national energy policy, oversees electrification strategies, supports DES rollout
Ministry of Environment or Climated Aligns DES with climate goals, manages climate finance integration and adaptation plans
National Treasury and/or Finance Ministry Allocates budget for energy programmes, manages fiscal incentives and subsidies
Energy Regulatory Authority Sets tariffs, licensing, and technical standards for DES providers

Rural Electrification Agencies (REAS) Implements off-grid and mini-grid projects, often in partnership with the private sector
National Utilities May integrate DES into grid planning or operate hybrid systems

Planning Commissions / Development Agencies | Incorporate DES into national development strategies and infrastructure planning

Standards Bureaus / Technical Agencies Develop and enforce technical standards for DES equipment and installations

Climate Finance Initiatives Design and incubate financial instruments, track climate finance flows, support innovation

Implement urban DES projects, facilitate community engagement, and manage local
Local Governments C Municipalities P pro) ¥y engag g

infrastructure
Energy Project Developers Design, build, and operate mini-grids, solar home systems, and other DES solutions
Technology Providers / Manufacturers Supply solar panels, batteries, inverters, and other DES components
Private Utilities / IPPs Generate and distribute electricity through decentralised systems
Impact Investors / Venture Capital Provide equity and debt financing for DES startups and scale-ups
Commercial Banks / Financial Institutions Offer loans, credit lines, and blended finance for DES projects
Consulting Firms / Engineering Services Provide feasibility studies, technical design, and project management support
Telecom Companies Co-invest in energy systems for powering telecom towers and rural connectivity
Agribusinesses / Industrial Users Deploy captive DES systems for reliable and cost-effective energy supply
Civil Society / NGOs Advocacy, community mobilisation, capacity building, and monitoring of DES impacts

Strategic planning is not just technical—it is a financial tool critical to attracting private investment. Strong institutions
and local capital markets are vital for clean energy investment. The international community should support developing
countries in building governance capacity and financial infrastructure. Weak institutions and markets raise financing costs,
especially for mini-grids. Investing in institutional and human capacity is key to managing and sustaining these systems
over time.

Investment appeal depends on sound policies, regulations, and institutional frameworks. Most countries need to adjust
these to improve returns and attract private capital. Regulation should start light and evolve with market maturity —too
much too soon can hinder growth. Key areas needing clear rules include market entry, tariffs, technical standards, service
quality, and grid integration protocols.
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The existence of clear and comprehensive regulatory frameworks, even if they are “light-handed” in terms of administrative
burden, is more important for attracting private investment than the absence of regulation. Investors prioritise predictability
and clarity over a completely unregulated market, as it significantly reduces perceived risk and transaction costs.

International public financiers play a critical role in scaling DES across Africa by providing the foundational support needed
to attract private investment. Through instruments such as guarantees, concessional loans, and first-loss capital, these
institutions help de-risk projects, making them more bankable and appealing to commercial investors. Their involvement
not only bridges early-stage financing gaps but also signals long-term commitment and stability, which are essential for
building investor confidence. Effective coordination between international financiers, national governments, and local
stakeholders is therefore vital to ensure that DES initiatives are both scalable and sustainable.

PPPs play a vital role in scaling DES in Africa by fostering institutional coordination and effective governance. They bridge
gaps between fragmented public institutions and private sector capabilities, enabling collaborative frameworks that align
diverse interests. PPPs mobilise much-needed investment by leveraging public funds to de-risk private capital, making
decentralised projects like mini-grids and solar systems more financially viable. They also facilitate knowledge transfer,
bringing technical expertise from the private sector into public planning while ensuring that solutions are adapted to local
contexts. Additionally, PPPs support the development of enabling policies and regulatory frameworks, and by sharing
risks and responsibilities, they help ensure the long-term sustainability, inclusivity, and scalability of decentralised energy
initiatives across the continent.

Figure 23 summarises the key challenges of the implementation of Public Private Partnerships (PPPs) in Africa. The key
challenges are (Africa-Europe Foundation and AUDA-NEPAD, 2025):

e Institutional and regulatory weaknesses: Challenges include limited capacity for planning and executing PPPs,
inadequate legal systems for contract enforcement, and bureaucratic inefficiencies that delay decision-making and
project implementation.

¢ Financial constraints: High capital costs, underdeveloped domestic capital markets, fiscal constraints, and currency
risks discourage private sector investment in large-scale projects.
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Figure 25: Key challenges of implementing PPPs in Africa, from (Africa-Europe Foundation and AUDA-NEPAD, 2025)
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¢ Limited technical capacity: A global shortage of skilled professionals in PPPs structuring and management is a major
barrier. Many public sector bodies lack the technical capacity to prepare and manage projects effectively, leading to
poor-quality and unsustainable PPPs. Limited funding for feasibility studies and project development further hampers the
creation of viable project pipelines, reducing private sector interest and increasing the risk of project failure.

e Stakeholder engagement and management: Ineffective communication, limited public consultation, and weak
engagement frameworks often cause community resistance and project delays. Strong stakeholder management is
crucial for building trust and ensuring successful project implementation.

¢ Investment market fragmentation: The fragmented African investment market hinders private sector investment.
Regional integration efforts can help address this. To attract private investors, it is essential to involve them early in
project development, share relevant information, build public sector capacity, and demonstrate the impact of past
investments.

Key pillars identified for successful PPPs are summarised in Figure 26 (Africa-Europe Foundation and AUDA-NEPAD,
2025).
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Figure 26: Key pillars of success for implementing PPPs in Africa, summarised from (Africa-Europe Foundation and AUDA-NEPAD, 2025)

The five pillars are (Africa-Europe Foundation and AUDA-NEPAD, 2025):

e Effective capacity building: It begins with a national and regional skills-gap analysis to tailor efforts to stakeholder
needs. A comprehensive PPPs training programme should follow, targeting government officials, private sector
actors, and communities. This should be supported by knowledge exchange platforms for sharing best practices and
mentorship programmes to foster practical skills and knowledge transfer, especially in African countries.

e Project planning and preparation: It involves activities from project conceptualisation to transaction support,
ensuring streamlined processes and standardised funding. According to the Global Infrastructure Hub and the G7
PGIl Expert Group, local technical expertise and long-term training are essential for developing bankable projects,
improving outcomes, and reducing risks. Quality project preparation is crucial for turning infrastructure demand into
effective development and service delivery.

e Importance of TA: Several initiatives support project preparation and the development of bankable infrastructure
projects in Africa by the African Union Development Agency - New Partnership for Africa’s Development (AUDA-
NEPAD) and the AfDB. These efforts aim to enhance Africa’s infrastructure readiness and attract private investment,
especially in green and sustainable projects.
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¢ Robust legal and regulatory frameworks: The Programme for Infrastructure Development in Africa (PIDA) Model
Law, developed by the AUDA-NEPAD and the United Nations Economic Commission for Africa (UNECA), addresses
key regulatory issues for cross-border projects. While endorsed in 2018, its adoption at the national level is still limited.
The African Legal Support Facility found that 42 African countries have PPPs laws, with Western and Central Africa
leading. Robust PPPs legislation is essential for creating bankable, investor-friendly projects.

¢ Risk mitigation mechanisms: Reduce uncertainties that deter private investment. Tools like guarantees, insurance,
and blended finance help manage financial risks. Innovative models, such as the Hybrid PPPs model supported by
the World Bank, show how PPPs can succeed even in challenging environments. These mechanisms enable more
efficient, sustainable infrastructure delivery
and support economic growth.
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Figure 27: Government support enablement to foster market innovation,
recommended by (India G20 Presidency ETWG, 2023a)

3. Creation of public infrastructure to
catalyse the market and enable innovation through R&D.

In developing countries, DES developers often depend on international supply chains and private-sector partnerships for
components, technical expertise, and support. This reliance highlights the crucial role of international private institutions
in enabling DES deployment. The existing local markets and ecosystems must be built on by leveraging locally available
resources and utilise the existing supply chains (India G20 Presidency ETWG, 2023a). Leveraging locally-sourced resources
enable sustainable supply and usage and capitalising on existing supply chains takes advantage of the readily-available
technical knowledge, vendors, suppliers and service networks.

Bureaucratic inefficiency and excessive red tape represent significant “soft costs” and risk factors for DER projects,
directly impacting their financial viability and deployment speed. Streamlining administrative processes through targeted
reforms can dramatically lower transaction costs, accelerate deployment timelines, and make the market significantly more
attractive to investors, particularly smaller developers. Several recommendations to reduce bureaucratic hurdles are:

e  Standardised, pre-approved templates,
e Technology platforms,
e Eliminate duplication of government oversight, and

e E-government services.

Bureaucratic friction directly translates into higher project costs and longer timelines, making projects less attractive and
bankable. Digital platforms and standardised processes fundamentally address this by increasing efficiency and reducing
uncertainty. Delegating authority avoids “forum shopping” and conflicting requirements, providing a clearer and more
predictable path for developers. Governments should proactively invest in digital infrastructure and institutional reforms
to create a “one-stop shop” approach for DER project approvals. This requires strong political will and sustained cross-
agency collaboration to ensure that the regulatory environment is not just supportive in principle, but efficient and enabling
in practice.
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5. TECHNOLOGY AND IMPLEMENTATION

safety standards, mini-grid-specific technical requirements, optional or mandatory grid-compatible standards, or
adherence to main grid standards. A primary consideration is the future integration of mini-grids with the main grid
and the availability of subsidies to support higher technical specifications.

Establishing technical standards is crucial for safety, interoperability, and long-term sustainability. This includes defining

Key gaps in equipment quality and standards are identified as (India G20 Presidency ETWG, 2023b):

¢ Lack of Comprehensive Standards: There are no clear, universally adopted standards for off-grid technologies and
mini-grids across various technical specifications.

e  Weak Implementation Capacity: Many regions lack the infrastructure and institutional capacity to enforce existing
standards effectively.

e Limited Incentives for Quality: Developers often lack financial motivation to invest in high-quality equipment or
adhere to standardised protocols.

e Standards Misalignment: Conflicts between local and international standards create complex and burdensome
compliance processes.

¢ Unreliable Supply Chains: There is a shortage of dependable supply chains for sourcing quality equipment and
components.

¢ Limited Local Production: Many countries lack local manufacturing or assembly capabilities, increasing reliance on
imports and raising costs.

Energy access tiers refer to a framework used to measure and categorise the level of access individuals or communities
have to modern energy services, as summarised in Table 2 (IRENA, 2020). Tier O, the lowest level of energy access,
represents minimal electricity availability, typically limited to just a few hours per day. As tiers increase, so do the capacity
and duration of supply, enabling the use of appliances and machinery that require higher power loads (India G20 Presidency
ETWG, 2023b).

Energy access tiers from 0 to 2 are characterised by highly unreliable electricity, with households experiencing more than
14 power disruptions per week. Tiers 0 to 3 also face significant quality issues, including voltage fluctuations that can
damage appliances. Additionally, these tiers are associated with serious health and safety risks, as unsafe or informal
electrical connections can lead to fatal accidents (India G20 Presidency ETWG, 2023b).

The modern energy minimum, defined as the minimum level of energy access required for individuals to meet their basic
needs, is recommended by the UN’s Sustainable Development Goal 7 as 50-100 kWh per person per year at home
(Energy for Growth Hub, n.d.). Energy for Growth proposes an even higher minimum of 1000 kWh per person per year
(Energy for Growth Hub, n.d.), reflecting the growing demands of modern life and economic development. This disparity
highlights the importance of designing DES not only to meet current needs but also to accommodate future increases in
energy consumption. Achieving this requires forward-looking planning and the adoption of modular, scalable technologies
that can evolve alongside community needs.

Table 3: Energy access tiers, from (IRENA, 2020)

Power Electricity availability
capacity hours per day

Services Example of appliances connected

Four lights, phone, radio, TV and
sewing machine

Tierdand5 | >800W Min. 16h and 23h

Tier 3 200—-800W | Min. 8 hours Tier 2 and any medium power appliances | Four lights, phone, radio and TV

General lighting, phone chargin
Tier 2 50-200W | Min. 4 hours ral fighting, ph 9ng, Four lights, phone, and radio
television, and fan (if needed)

Tier 1 3-50W Min. 4 hours Task lighting and phone charging Two lights and phone
Tier 0 ow
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Power generation in a DES is done locally within the intended mini-grid. This generation can be done by any means
possible. However, due to factors such as cost of deployment associated, load profile demand of the area, customer
quantity, and sustainability, make renewable energy sources more desirable. Some of the different power generations
technologies are detailed below.

1. PV generation: Solar PV is one of the more mature and widely available technology in the market. It is easier to
implement than other technologies and should be used with BESS to ensure grid stability and maintain a continuous
energy supply. Africa is in abundance of solar irradiation and proves to be the most convenient generation technology
to implement in most areas of Africa.

2. Wind generation: This technology must also be used in conjunction with BESS to ensure grid formation and to
maintain continuous supply of energy. Wind turbines are relatively easy to implement but may trigger environmental
assessments where there are bird species. The African continent has vast untapped wind resources, making it a
promising area for both renewable energy generation and investment, contributing to energy diversification and
reducing reliance on fossil fuels. It shows that wind generation is particularly enticing in the northern parts of Africa
(Erdogan, et al., 2022).

3. Diesel generators: This technology is an independent source of standby electrical power that consists of a diesel-
fuelled internal combustion engine (or engines) coupled directly to an electrical generator (or generators) (Institute of
Electrical and Electronics Engineers, 2018). In the case that energy of the BESS is depleted, the generator may be
utilised.

The IEA identified five technologies as promising technologies and solutions for DERs as battery storage systems, electrical
vehicles, electrical water storage and space heaters, grid-interactive efficient buildings, and virtual power plants (IEA,
2022b). These technologies advantages and disadvantages are summarised in Table 4.

The criteria for screening and identifying acceptable manufacturers must consider (UNEP, 2020):

e Proven product with significant track record,
e  Production capacity,
e Financial stability, and

e |ocal presence.

Table 4: IEA identification of most promising technologies and solutions for DERs (IEA, 2022b)

Technology Advantage Disadvantage
Battery storage Charge during peak renewable energy generation and
y g ) ge dun g_p W wa l High upfront costs

systems discharge during peak demand
Value to the grid varies depending on charging technolo

EVs Versatile X gricvarl pending 9ng %
and control strategy

Electric water

Provide system flexibility when equipped with low-cost

storage and space )
control devices

heaters

Electrifying existing homes requires significant investment

Grid-interactive

Optimise presumption while accommodating grid needs
efficient buildings P P P 08

Virtual power plants | Optimise aggregation of DERs across large areas Policy and regulatory issues (value-stacking rules)
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The general guidelines for PV system design in hybrid installations are (UNEP, 2020):

PV Penetration Ratio: While the optimal PV-to-genset ratio depends on design constraints and available space, a
minimum PV penetration rate of 20% (PV peak power to genset nominal power) is recommended. This helps ensure
meaningful fuel savings while maintaining the genset’s efficiency by avoiding low-load operation.

Grid Connection Compliance: For grid-connected systems, the PV installation must align with local grid standards
and conditions to ensure safe and reliable integration.

Roof-Mounted Systems: Roof installations must adhere to local building codes and be based on a structural load
assessment to confirm the roof can safely support the PV system.

Ground-Mounted Systems: Ground installations should be sited on flat terrain with no risks from high groundwater
levels or unsuitable geotechnical conditions, such as poor sail resistivity or instability.

High-Efficiency Components: Use high-efficiency PV modules and inverters to meet the desired performance ratio
and maximise energy vyield.

Uniform Module Selection: Only one type of PV module should be used across the system, with all modules having
the same rated power to prevent mismatch losses.

Voltage Drop Limits: Voltage drop in the main direct current cable (from PV modules to inverter) should be kept
below 3% under standard test conditions. For systems with storage, voltage drop should not exceed 2% between PV
arrays and charge controller, and from the charge controller to the battery.

Cable Sizing and Standards: All cable types and sizes must comply with national electrical codes and standards to
ensure safety and performance.

Maintenance and Cleaning: A regular maintenance and cleaning schedule is essential to minimise soiling losses.
Use water with low mineral content for cleaning to avoid residue buildup on modules.

Inverter Installation: Inverters should be installed in well-ventilated areas, away from direct sunlight, to prevent
overheating and ensure optimal operation.

Maintenance and cleaning

Cable sizing and \t.,.. ’, riisise
standards . “’f etﬂ:.’ irstallations

Whlge

.@‘#f \

ih;l” PV penetration
hl’ ratio

system design in

hybrid installations
Grid connection

& I} y
“E}:ﬁ' ) compliance
‘: I..‘ ‘%ﬁ*‘, .
High-efficiency  (Sytale ¥ ‘;‘ 4 ’,f Roof-mounted systems
components ’

Ground-mounted systems

Figure 28: General guidelines for PV system design in hybrid installations, summarised from (UNEP, 2020)
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A systematic approach can be identified and used as a baseline when considering the implementation of DES:

1. System identification: System identification looks at analysing and calculating the optimal DER capacity of the
location of the system. The first step is to test the surroundings for the environmental factors that will assist in the
selection of a generation technology. To establish a mini-grid, the integration of renewable energy sources is essential,
with economic factors considered. When evaluating the operation of an electricity network over a 20-year period,
it is important to consider not just operational costs, but also the demand factor for both renewable and other
energy sources, the total energy output from each generation source over the two decades, and the efficiency of the
battery state of charge. Software like HOMER can be used to design and evaluate economic feasibility of mini-grids
(HomerEnergy, 2008).

2. System model: After the optimal DER capacity is calculated, the next stage of the process is to set up the system
model in order to perform various load tests in order to determine if the mini-grid can be supported by the generation
technologies.

3. Distribution network: The distribution network in a mini-grid typically operates at low or medium voltage levels,
making it well-suited for localised power delivery. Smart control systems are integrated to manage load balancing,
detect faults, and optimise energy flow. Additionally, the network often includes islanding capabilities, enabling the
mini-grid to disconnect from the main grid and continue operating independently during outages (Sahranavard,
Ghaleno, Bandei, and Sargazi, 2023).

4. Control systems of the DES operation: Control in mini-grids refers to the coordination and management of power
generation, storage, and consumption to ensure stable, efficient, and reliable operation. It involves a set of technologies
and algorithms that regulate how energy flows within the mini-grid (Ahmad et al., 2023). Distributed Energy Resource
Management Systems (DERMS) are essential for integrating and managing DER such as solar PV, battery storage,
electric vehicles, and controllable loads. DERMS adoption should be tailored to each utility’s unique context, including
DER penetration, regulatory environment, and grid capabilities (Electric Power Research Institute, 2024).

5. Cybersecurity: As much as the efficiency of the system and operation of the mini- grid are the main objective, it is
important to note that the safeguarding of the system is just as important. The following challenges are associated with
cybersecurity at the grid edge: varying ownership of DERs complicates trust and security, low-cost Internet of Things
(loT) devices, a lack of standards that leads to cyber-immaturity in DER systems, and affordability pressures that limit
investment in robust security (EPRI, 2020). No single cybersecurity solution fits all DER scenarios due to the diversity of
technologies, and a layered, risk-based approach is recommended (EPRI, 2020). The cybersecurity approach should
focus on smart inverter security, DER communication protocols, and improved research.

6. Resilience to extreme events: Resilience to extreme events is crucial for DES because these systems are often
deployed to enhance energy security and reliability in the face of disruptions such as natural disasters or grid failures.
Unlike centralised grids, decentralised systems—such as mini-grids, solar home systems, and local storage—can
isolate from broader network failures, maintain power supply to critical services, and recover more quickly after an
event. Their modular and distributed nature reduces the risk of total system collapse, ensures continuity of energy
access in vulnerable or remote areas, and supports faster, localised responses to emergencies, making them a vital
component of climate adaptation and disaster preparedness strategies.
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6. MARKET DEVELOPMENT AND BUSINESS

MODELS

he economic impact of DES is characterised by a positive feedback loop. By providing reliable power for productive

uses, DES unlock entrepreneurial potential that was previously constrained by a lack of energy. This enables the

growth of small businesses in sectors such as agriculture (e.g., solar-powered milling, cold storage for perishable
goods), tailoring, and various artisanal crafts. As these businesses thrive, they generate local incomes, which in turn boost
demand for energy services and strengthen the financial viability of DES projects. This shifts the perception of DES from a
social service to a dynamic economic engine, capable of driving sustained local growth.

In terms of agriculture, DES have significantly improved agriculture-specific solutions by enhancing productivity, reducing
post-harvest losses, and increasing climate resilience:

e In Malawi, solar-powered irrigation, cold storage, and processing units have helped smallholder farmers in dairy, rice,
legumes, and aquaculture value chains overcome energy insecurity and reduce spoilage (IRENA, 2025a).

e Zimbabwe’s agricultural sector has benefited from solar-powered irrigation kits, dryers, and cold storage, which have
increased yields by up to 30% and reduced post-harvest losses by 50% (IRENA, 2025¢).

¢ In Guinea, DES solutions like solar water pumps, solar refrigeration, and solar milling have shown strong market
potential, while addressing critical energy gaps and enabling smallholder farmers to transition from subsistence to
commercial farming (IRENA, 2025d).

e In Nepal, solar irrigation pumps, dryers, cold storage, and renewable energy-powered mini-grids have improved
productivity and climate resilience in maize, apples, fish, and millet value chains. These interventions have reduced
manual labour, increased yields, and supported smallholder farmers and women (IRENA, 2025b).

e Similarly, in the Hindu Kush Himalaya region, DES have powered key food value chains such as buckwheat, yak
milk, potatoes, and vegetables. Solar PV solutions have enabled mechanisation in irrigation, drying, milling, and cold
storage, addressing challenges like climate vulnerability, labour shortages, and poor grid access (IRENA, ICIMOD and
SELCO Foundation, 2022).

The long-term sustainability and widespread scaling of DES solutions are intrinsically linked to the development of robust
local entrepreneurship ecosystems and comprehensive skill-building programmes. Empowering local communities and
entrepreneurs to own, operate, and maintain DES systems is a “bottom-up” approach that builds local capacity, fosters
trust, and ensures project longevity.

Subsidy types to help mini-grid developers and customers to finance cost requirements are (Energy Sector Management
Assistance Program (ESMAP), 2019):

1. Pre-investment subsidies: Market and resource assessments, geospatial planning, pre-feasibility and feasibility
studies, TA.

Capital cost subsidies: Preset as a share of the reasonable capital costs or based on lowest-subsidy bids.
Connection cost subsidies: As grants or concessional payments paid to the developer or to the customers.

Usage subsidies: Subsidies built into the tariff structure and subsidies paid to customers for the purchase of energy-
efficient appliances and equipment.

It is recommended that any subsidy scheme should have an exit or taper policy (Energy Sector Management Assistance
Program (ESMAP), 2019), due to:

e Availability of debt and equity financing is likely to grow as the perception of risk of developments is decreased,
e The need for pre-investment subsidies should fall as mini-grid developers become active in markets, and

e Costs are likely to fall as firms gain experience and economies of scale start to play a greater role in the industry’s
expansion.
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Figure 29 summarises the different options for financing, ownership, service delivery, and tariff structure (India G20
Presidency ETWG, 2023b). Business models for DRE systems vary widely and are typically classified by operational
ownership, technology, consumer type, service delivery, and tariff structure. Operational models include utility-operated,
private-operated, community-owned, hybrid, leasing, and dealer credit models. Utility and private models differ in asset
ownership and risk-sharing, with private models further divided into franchisee, clustering, local entrepreneur, and anchor
load approaches. Community-owned systems rely on grants and cooperative management. Hybrid models combine roles
across utilities, private entities, and communities, often under public-private partnerships or service contracts. Leasing and
dealer credit models focus on appliance access, with payments made over time, often supported by NGOs or microfinance
institutions. Each model is shaped by local context, financing availability, and consumer affordability.

Improving community resilience through distributed solar energy as critical infrastructure can be done through (Mohanty,
Pal, and Roy, 2025):

e Public sector actors, who must identify and create databases for the public domain that contain sites where
distributed generation systems with a mix of local VRE are suitable,

® Private investors must step in, with community participation requiring public sector investment in awareness building
and training of local community members.
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Figure 29: Options for financing, ownership, service delivery and tariff structure for DES project, (India G20 Presidency ETWG, 2023b).
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Figure 40 summarises the recommendations for the deployment of targeted public support, which will accelerate and
promote innovative and indigenous value chains, consisting of three pillars (India G20 Presidency ETWG, 2023a):

1. Provide targeted support for both the demand and supply sides: By providing clear signals and support on both
the demand and supply sides, governments can encourage local industries to invest in cost-effective value chains and
R&D. Demand-side measures like financial incentives and subsidies can stimulate market demand, while supply-side
support such as manufacturing subsidies, tax breaks, and R&D grants can strengthen industry capabilities. As the
domestic industry matures, phased policies like import restrictions and domestic content mandates can be introduced
to further support local value chains without causing demand-supply imbalances.

2. Provide incentives for efficiency to achieve the technology shift to DES solutions: India and Denmark used
financial and policy incentives to promote energy-efficient technologies. India’s UJALA programme offered low-cost
light emitting diode (LED) bulbs with a pay-as-you-save model, leading to over 1.15 billion units sold. Denmark’s
Silkeborg municipality encouraged a shift to more efficient solar-collector heating through targeted policies. Both
approaches successfully drove technology adoption by reducing costs and guiding consumer choices.

3. Expedite the value chain development through public institutions: for example, an organisation in India is
working to develop a structured system for using organic waste to produce energy. Their approach includes investing
in research to create affordable and efficient waste management solutions, along with launching various initiatives to
build and strengthen the overall value chain.

-
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e

Figure 30: Deployment of targeted public support to accelerate and promote innovative and indigenous value chains,
recommended by (India G20 Presidency ETWG, 2023a)

Figure 30 summarises the business models that were used for DES deployment around the globe (India G20 Presidency
ETWG, 2023a):

e Argentina used the fee-for-service model in the Renewable Energy for Rural Markets Project (PERMER 1) where the
concessionaire owned the technology components, and the internal installation was paid and owned by the user or local
government,

e Kenya deployed a solar-powered-irrigation programme where private companies provided products that meet the
needs of farmers and launched PAYG payment systems,

e  Sri Lanka launched the Energy Service Delivery Programme from 1997 to 2003, where microfinancing institutions
were allowed to participate directly in the World Bank line of credit and where relaxations on import duties were also
implemented,

e South Africa launched the Kuyasa Low Income Energy Efficiency Housing Project, which was funded through grants
from various government bodies,

e Brazil launched the Sun Shines for All programme, where the solar home lighting kits were provided and a monthly
charge for rental of energy services based on a leasing model,
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e The Maldives provided financial incentives through exemptions and waivers to install hybrid mini-grids in the
Shaviyani and Noonu atolls, and

¢ Nigeria offered partial grants to private developers to set up solar and solar hybrid mini-grids through minimum subsidy
tender for electrifying communities that were selected to have high economic growth potential and performance-based
grants. In addition, the government offered TA in terms of geospatial assessments, feasibility studies, and market-
scoping reports.

Micro-financing
institutions

Government and
international
funding, 4 ’ : '"’Eii
subsidisations
and grants
Business
Models
Faa-for-service Government im:_ent'wes
models th r:::ugh em?mpuuns a!nd
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for RE equipment and taxes
on products and services

Figure 31: Business models used for DREs around the world, from (India G20 Presidency ETWG, 2023a)
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The PAYG business model represents a significant innovation aimed at addressing energy access challenges by delivering
affordable, renewable electricity. This model leverages locally available technologies, particularly mobile payment systems, to
facilitate user-friendly transactions. Key enablers of PAYG adoption include the widespread use of mobile money platforms,
abundant solar resources, declining costs of solar PV and battery technologies, and growing public awareness. Additionally,
the increasing number of market entrants has intensified competition, further driving down consumer prices (IRENA, 2020).

DES require more than just technical innovation; they demand a financial approach that aligns with their long-term, inclusive
development goals. This is where patient capital becomes essential. Patient capital refers to long-term investment that is
willing to accept lower financial returns in the short term in exchange for meaningful social or environmental impact over time.
Unlike traditional capital, which often seeks quick returns and low risk, patient capital is designed to support ventures that
operate in challenging environments, require time to scale, and prioritise impact over immediate profitability. Key reasons why
patient capital is crucial include:

¢ High upfront costs: installing solar panels, batteries, and distribution networks requires significant initial investment,
which may not be recouped quickly.

* Long payback periods: revenue generation from decentralised systems, especially in low-income areas, is gradual and
often dependent on innovative payment models like PAYG.

e Regulatory uncertainty: many SSA countries are still developing policies and frameworks for decentralised energy,
creating an uncertain environment for investors.

e Capacity building needs: these projects often require investment in local skills, governance structures, and community
engagement—activities that take time but are essential for long-term success.

A critical observation is the “chicken-and-egg” problem for local manufacturing: investors require a strong local market and
an established supply chain, but these elements will not fully develop without initial investment. This necessitates strategic
government intervention to create initial demand and de-risk early-stage manufacturing.
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7. MONITORING, EVALUATION, AND ADAPTATION

&E systems are not merely tools for oversight; they generate comprehensive data on performance, impact,

and operational challenges. By providing transparent and high-quality information, robust M&E actively enables

the financial flows necessary for the required scale-up. Continuous monitoring and evaluation provide essential
feedback loops that enable strategic adjustments in support mechanisms, such as gradually reducing concessional
funding or guarantees as risks decrease and market confidence grows. This proactive adaptation is vital for optimising the
utilisation of limited public funds and maximising private sector engagement over time, ultimately ensuring the long-term
financial sustainability and efficient resource allocation for DES.

EPRI has developed the distribution resource integration and value estimation (DRIVE) tool to estimate hosting capacity on
a feeder-by-feeder basis across an entire distribution system. While not intended to replace detailed engineering studies,
this tool serves as an intermediate step between simplified screening methods and comprehensive analyses. DRIVE has
been validated and demonstrated to be an easy-to-use, commercially available planning solution for distribution system
analysis (EPRI, 2017).

7.1 METRICS FOR DES

Effective M&E of DES necessitates a comprehensive suite of impact metrics that span technical, economic, social, and
environmental dimensions. These metrics provide a holistic view of performance, viability, and contribution to broader
development objectives.

Figure 32 summarises the three categories of metrics that can be used to monitor and evaluate DES:

e Technical performance and reliability metrics,
e Economic and financial viability metrics, and

e  Social and environmental impact metrics.

0 LCOoE

' Adfordability benchmarks

3 Investment mobilization

0 Profmability lor stakeholders
3 Produce use impact (inceme

Eanesation and job croation)
Q Locsl manufacturing ond sssambly
contribution

Economic and
Financial Viability
Metrics

Metrics for DES

&

Figure 32: Metrics for DES include technical performance and reliability, economic and financial viability, and social and environmental
impact metrics.
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TECHNICAL PERFORMANCE AND RELIABILITY METRICS

Providing high-quality, reliable electricity is a fundamental objective for DES, particularly mini-grids. The performance of
these systems can be rigorously assessed through several key metrics.

e System uptime and service quality: Measure and report service quality using the System Average Interruption
Frequency Index, System Average Interruption Duration Index, Customer Average Interruption Duration Index, and
Momentary Average Interruption Frequency Index. Prioritising the monitoring and design of DES against high-impact,
low-probability events can reduce the effects of power outages on economic instability, improve public trust and
increase the perceived “value of resilience”.

e Energy efficiency and load factor optimisation: The encouragement of energy-efficient appliances reduces the
required installed capacity of DES, resulting in lower capital expenditure.

e Grid integration and hosting capacity assessment: Proactive hosting capacity planning enables planning and
investment decisions that minimise future integration costs and maximise the benefits of DES.

ECONOMIC AND FINANCIAL VIABILITY METRICS

The financial sustainability of DES projects is paramount for attracting investment and ensuring long-term operation.

e Levelized cost of energy (LCOE) and affordability benchmarks: the LCOE metric assesses the minimum average
tariff at which electricity must be sold to cover all project costs over its lifetime, including initial capital, operations,
and equipment replacement. When the LCOE decreases, the price signals to the market the competitiveness of the
product as an investment.

¢ Investment mobilisation and profitability for stakeholders: monitoring private capital mobilisation and project
returns attracts financial resources and investors, enabling the scaling of DES.

e  Productive use impact: income generation and job creation: monitoring the growth of income generation in remote
rural areas using DES is a powerful catalyst for inclusive economic growth, providing evidence of the financial viability
and economic feasibility to the community.

e Local manufacturing and assembly contribution: this metric assesses the proportion of DES components—
such as solar panels, battery systems, mounting structures, and control units—that are produced or assembled
within the local economy. A high local contribution indicates stronger economic integration, job creation, and capacity
building. It also enhances supply chain resilience, reduces long-term costs, and supports national industrialisation and
localisation goals. Tracking this metric helps ensure DES projects contribute meaningfully to sustainable development
and align with broader economic policy objectives.

Figure 33 shows the progress that has been made in the falling costs and improved performance of solar and wind
technologies, compared to fossil fuels (IRENA, 2024b). The LCOE metric highlights how renewables and DES can become
a competitive investment vehicle for private and public investors.

Metrics used for cost and performance assessments (IRENA, 2024b) include:

e Total installed costs, representing the total cost of a completed project,

e  Capacity factors,

e Operation and maintenance costs, and
e The LCOE.
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Figure 33: Change in global weighted average LCOE for solar and wind, compared to fossil fuels, 2010-2023, from (IRENA, 2024b)

The LCOE does not consider interactions between generators in the market, generation profiles, other potential sources
of revenue or costs, and these factors must be considered when comparing generation sources. Similarly, cost metrics
should exclude the impact of energy-related financial support to renewables, such as tax credits, carbon pricing, market
loans, and grants (IRENA, 2024b).

Social and Environmental Impact Metrics

Beyond technical and economic performance, the broader impact of DES on communities and the environment must be
systematically measured.

¢ Progress towards universal energy access: Tracking the number of people connected to DES is fundamental to
assessing progress towards universal energy access goals.

e Carbon emissions abatement and environmental footprint: Monitoring reductions in carbon emissions aligns
with national and global climate change mitigation objectives.

e Community engagement, customer satisfaction, and gender inclusion: High levels of customer satisfaction
are indicative of successful service delivery and user acceptance. Effective community engagement ensures social
acceptance and long-term success of DES projects. Inclusive strategies, particularly those that actively attract
women as productive-use customers, have been shown to improve earnings, enhance quality of life, and foster new
community decision-making and leadership models.

The effective monitoring and evaluation of DES in SSA require sophisticated frameworks that leverage digital technologies,
build robust data ecosystems, and establish clear performance assessment and policy feedback loops.

Digital technologies are transforming the way DES are monitored and managed, enabling real-time insights and enhancing
operational efficiency. Figure 34 summarises the three parts of monitoring and evaluating DES through leveraging digital
technologies for data collection, building robust data ecosystems, and performance assessment and policy feedback
loops.
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Figure 34: Advanced monitoring and evaluation of DES

LEVERAGING DIGITAL TECHNOLOGIES FOR DATA COLLECTION

e Smart Meters and Remote Monitoring Systems for Real-time Insights: Third-generation mini-grids use smart,
remotely controlled meters to support prepaid options like PAYG and collect real-time data on energy use and system
performance. Remote monitoring enables operators to detect and fix issues early, improving service and reducing
downtime. Smart meters and mobile networks provide detailed system monitoring, triggering alerts when parameters
exceed set limits, helping prevent costly failures.

e Geospatial Analysis for Strategic Planning and Site Assessment: Geospatial tools like GIS, satellite imagery,
machine learning, and GPS are now key to national electrification planning. They help identify ideal mini-grid sites,
map infrastructure, and locate energy demand and supply points. These tools also integrate demographic, social, and
economic data to support least-cost electrification strategies.

e Web-based Platforms for Data Aggregation and Market Intelligence: Online platforms centralise geotagged
market data, connecting mini-grid developers with investors and suppliers and streamlining tenders. By standardising
information, they boost market efficiency and transparency. The widespread use of smart meters, remote monitoring,
and geospatial tools transforms DES operations, enabling scalable, cost-effective mini-grid models through automated
data management and a portfolio-based approach.

BUILDING ROBUST DATA ECOSYSTEMS

e Addressing Data Gaps: Cost of Capital, Project Default Rates, and Performance Data: Despite growing
awareness of data’s value, developing countries still face major gaps in financial data availability and transparency. Key
issues include unclear risk premiums and unreliable cost of capital estimates—data that are common in advanced
economies but often missing where investment is most needed.

¢ Promoting Data Transparency and Public Databases: To close key data gaps, international roadmaps recommend
creating free public databases for clean energy project de-risking and expanding initiatives like the IEA's Cost of Capital
Observatory to cover more sectors and developing countries. Broader access to risk and return data is also essential.
This shift treats financial data as a public good rather than proprietary, aiming to reduce information asymmetry, lower
investor risk perceptions, and support smarter policy and regulation. Greater transparency is vital to mobilise the
private capital needed for clean energy transitions.
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Capacity Building for Data Collection, Validation, and Analysis: Enhancing data quality in EMDEs requires major
investment in human and institutional capacity, including new surveys, training statisticians, and funding data systems.
International support is key to helping countries collect, validate, and analyse their own energy and economic data
effectively.

PERFORMANCE ASSESSMENT AND POLICY FEEDBACK LOOPS

Tracking Progress Against Defined Targets: Key progress indicators for mini-grid deployment include lowering
LCOE, accelerating rollout, improving service quality (uptime, load factor and customer satisfaction), enhancing
regulatory environments (e.g., RISE scores), and attracting private investment. These goals are ambitious but
achievable with coordinated stakeholder effort.

Evaluating Policy Effectiveness and Informing Adaptive Measures: Data is essential for monitoring energy policy
effectiveness and guiding adaptive regulation as markets evolve. Regular evaluation supports “evolving regulations”
that adjust with market maturity, ensuring policies remain supportive—neither too restrictive early on nor too weak
later. This adaptive approach reduces regulatory friction and supports sustainable scale-up.

A clear understanding of risk —how it is measured, assessed, and accounted for, including the complex uncertainties arising
from evolving hazards, societal changes, and adaptive capacities—is essential at the outset of climate risk assessment.
In the context of climate adaptation, risk assessment involves analysing potential impacts and vulnerabilities to inform the
development of effective and resilient strategies (IRENA, 2025e).

Some of the approaches include (IRENA, 2025¢):
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Vulnerability assessment centres on assessing the vulnerability of systems to climate impacts through methodologies
such as the impact chain framework, socio-ecological models, and rapid assessment tools. It plays a critical role in
guiding adaptation priorities by identifying the most at-risk sectors and communities.

Scenario analysis involves developing and evaluating multiple future pathways based on varying climate projections
and socio-economic trajectories. Tools such as general circulation models, downscaling techniques, and integrated
assessment models support the exploration of potential future conditions and inform long-term adaptation planning.
Cost-benefit analysis assesses the economic viability of adaptation measures by comparing projected costs and
benefits through economic modelling, cost estimation, and benefit quantification. Together, these approaches enable
policymakers to identify and prioritise the most cost-effective adaptation strategies.

Multicriteria analysis evaluates adaptation options by integrating environmental, social, and economic criteria. It
employs tools such as decision support systems, stakeholder analysis, and scoring or ranking methods to enable a
holistic assessment of adaptation measures. In parallel, risk mapping and spatial analysis utilise GIS, remote sensing
data, and spatial modelling techniques to visualise and interpret the geographic distribution of climate risks. These
tools enhance understanding of spatial vulnerability patterns and support targeted, location-specific adaptation
planning.

Participatory approaches involve stakeholders directly in the risk assessment process, integrating local knowledge,
values, and preferences to ensure adaptation strategies are context-specific and socially acceptable. Methods such
as workshops, focus groups, and participatory mapping foster inclusive decision-making. These approaches, when
combined with technical assessments, form a comprehensive toolkit for evaluating climate risks and designing robust,
community-responsive adaptation strategies. By integrating diverse methodologies, practitioners can better address
the complex, cross-sectoral nature of climate change impacts and strengthen resilience at multiple levels.
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8. CAPACITY BUILDING AND COMMUNITY

ENGAGEMENT

he success of DER scale-up is fundamentally tied to the capabilities of the institutions responsible for their oversight

and implementation. A lack of skilled personnel and organisational expertise can become a critical bottleneck, even

when supportive policies and financial resources are available. The development of mini-grids and other DERs
requires a distinctive set of skills across the entire value chain, from initial site selection and financial modelling to project
construction and ongoing O&M. Common skill gaps exist among various stakeholders, including project management and
risk assessment for developers, GIS planning and payment collection for utilities, project appraisal for banks, system design
for engineers, technology familiarity for suppliers, and coordinated planning for policymakers (Energy Sector Management
Assistance Program (ESMAP), 2019).

Key capacity-building and awareness gaps were identified as (India G20 Presidency ETWG, 2023b):

¢ Institutional Gaps: Local governments often lack dedicated departments to support, promote, and monitor mini-grid
and DRE initiatives.

e Limited Technological Awareness: Policymakers, financial institutions, and banks are often unfamiliar with
advancements in mini-grid technologies, standardisation practices, and digital tools.

e Data and Planning Deficiencies: There is a shortage of reliable data and resources for effective planning, community
engagement, and monitoring of mini-grids, especially in remote areas.

e Perceived Investment Risks: Financing institutions, banks, and developers often view mini-grid projects as high-
risk, thereby limiting investment.

e Skills and Knowledge Gaps: Local developers frequently lack the technical skills for standardised implementation,
efficient O&M, and proper documentation. International developers may lack understanding of local cultures and
contexts.

e Training and Entrepreneurship Support: There is a lack of specialised training materials, certified courses, and
local entrepreneurship programmes needed to build capacity and promote sustainable local businesses.

e Community Engagement Deficit: Few awareness campaigns or hands-on workshops are tailored to educate and
involve local communities in DRE initiatives.

Building human capital and engaging communities are crucial in ensuring the feasibility of scaling mini-grid deployments
(Energy Sector Management Assistance Program (ESMAP), 2019):

1. Deployment of mini-grids can only be scaled up and made possible if human capital can keep up with the growth of
financial capital. A skilled, knowledgeable ecosystem of stakeholders supporting the rapid scale-up of mini-grids is
required to ensure the successful development of mini-grids.

2. Capacity needs assessments are required as an early step in the design of training and skills-building initiatives.
These assessments identify gaps in key areas of technical expertise, management skills, institutional capacity, policy
frameworks, partnerships, knowledge, and implementation know-how.

Capacity needs assessments follow a four-step process, which can be carried out through a mixed-method approach
using existing data or data collected from key information interviews, focus groups discussions, and surveys. The four-step
process is summarised in Figure 35 as outlined by Energy Sector Management Assistance Program (ESMAP), 2019: (1)
identify key actors, (2) determine project or portfolio capacity needs, (3) assess existing capacity, and (4) identify capacity
gaps.

DECENTRALISED ENERGY SYSTEMS 74




Identify key actors

= Wi will bulld, own,

o operate, and maintain
E tha mini grid{s)?

g2

2c Who are the customers,
b4 E paotential investors,
>3 upstrenm suppliers, and
s T relevant governmant
g' antitiea?

]

o

Identify capacity
gaps

Access existing
capacity

‘What technical, What tachnical, Which of tha required
financial, managerial, financial, managerial, ‘coapacitics are in short
and other capacites will and other supply or Lacking
actors need, and at capacities do actors attogether?
what lavel of expartisa? airaady have, snd at

what loved of expartisa? Ara lovels of exportise
Koy areas to conzidar sutfichent?
include policy,
knowledgs, partnership,
and implemantation,
among athars.

Figure 35: Conducting a project or portfolio-level capacity assessment, from (Energy Sector Management Assistance Program (ESMAP), 2019)

Capacity needs for mini-grid projects vary based on the ownership model. In community-based models, local expertise is
crucial for system operation, maintenance, and business functions such as tariff collection and customer service. Therefore,
assessing and addressing local technical capacity gaps is essential, and capacity needs assessments should be tailored to
each project's specific context. Figure 35 summarises the general steps of conducting a project- or portfolio-level capacity
assessment (Energy Sector Management Assistance Program (ESMAP), 2019).
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Figure 36: Common skills and expertise gaps, summarised from (Energy Sector Management Assistance Program (ESMAP), 2019).
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Skill and knowledge gaps among key stakeholders can significantly delay or hinder the rapid deployment of mini-grids,
especially when implemented as part of larger portfolios rather than individual projects. Stakeholders include developers,
utilities, financial institutions, engineers, regulators, policymakers, suppliers, and local communities, and Figure 36 highlights
the common gaps in skills and expertise, as summarised from (Energy Sector Management Assistance Program (ESMAP),
2019).

Training is needed at different levels to ensure that the knowledge and skills gaps are minimised in the mini-grid ecosystem,
as summarised in Figure 37 (Energy Sector Management Assistance Program (ESMAP), 2019).

Focus on policy and réegulation, planning, moniofing and
echnical cerifications which ane required for the construction,
operations and maintenance of DES

Project and Develop developers' capacity n sie assessment, feasibility
portfolio studies, construction, operations and maintenance

Increase awareness and understanding of mini-grid serdices,
increasa uplake and wse of productive appliances

Figure 37: Training needed at different levels to ensure that the knowledge and skills gaps are minimised in the mini-grid ecosystem (Energy
Sector Management Assistance Program (ESMAP), 2019)

Figure 38 summarises the national-level training needs and relevant stakeholders which should target government
ministries, regulators, utilities, rural electrification agencies and other agencies which influence the DES sector.
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Figure 38: National-level training needs and relevant stakeholders, from (Energy Sector Management Assistance Program (ESMAP), 2019)
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Figure 39 summarises the project- and portfolio-level training needs and relevant stakeholders. Training should be practical,
interactive, and adapted to adult learners, with materials translated into local languages. Capacity-building efforts must be
customised based on project-specific needs, targeting communities, developers, engineers, and operators at each project

phase.
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Figure 39: Project- and portfolio-level training needs and relevant stakeholders, from (Energy Sector Management Assistance Program
(ESMAP), 2019)

Training at the community level primarily revolves around raising awareness of DES and how it can be used for household-
and income-generating activities (Energy Sector Management Assistance Program (ESMAP), 2019):

e Awareness of household uses of electricity: These initiatives raise awareness about the benefits of electricity in
sectors like agriculture, health, and education and encourage safe, efficient usage.

e Gender-related training and capacity building: gender-sensitive training and support for female entrepreneurs
can lead to increased participation of women in energy sectors, improved livelihoods, and stronger community
development.
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The continuous and long-term operation of a DES plant becomes more dependent on community buy-in when implemented
at the community-level (India G20 Presidency ETWG, 2023a). Figure 40 summarises the key findings in enabling active
community engagement for DES technology (India G20 Presidency ETWG, 2023a).

Three levels of community engagement, beyond consultations, achieve higher community participation:

1. Total buy-in from the community,
2. A sense of ownership among community members, and

3. Nurturing community leadership.

-
fff SN
Yy y Adopta community-
\\ centric approach
M
Y
bh ‘ Investin capacity
th ’ I:mldmg of mmmumw Encouraging entrepreneurship and creating local jobs can
help create DES ecosystems at the local level and
I: iz}
\ for sustained economic generate a deeper economic impact in the community
Q‘ opportunities
A
Leverage local Existing institutional bodies in the community, that
institutianal bodies for represent the members of the targeted community, can

play a pivotal role in implementing and operating
community-level DES projects

leading implementation

Figure 40: Enablement of active community engagement (India G20 Presidency ETWG, 2023a)
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Figure 41: Active community engagement phases (India G20 Presidency ETWG, 2023a)
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Continued engagement involves including community members or end users in product development and iterative testing
to ensure the solution aligns with local needs. The project design must create synergy between the local community, the
electricity off- taker, and the project developer (India G20 Presidency ETWG, 2023a).

DRE can be leveraged as an engine for job creation (India G20 Presidency ETWG, 2023a):

e Providing customised training modules for DES technologies to build skills among local entrepreneurs,

e |everaging local training institutions for skill building and incubation support,

e  Encouragement of cross-country learning through immersive training programmes where countries can actively
participate in visits, study tours, and training programmes to take back the experiences to create new economic and
job opportunities.

The local market ecosystem requires support through investments in technical collaborations, knowledge transfer,
and market capacity enhancements. Enabling technical collaboration for knowledge transfer, and R&D are crucial for
scaling DES across locations and in Africa. Ensuring the knowledge transfer and flow to communities and end-users
means ensuring that these systems can thrive independently over time. Building capacity to strengthen the local market
ecosystems for DREs requires tracking technological progress and accessing international best practices knowledge (India
G20 Presidency ETWG, 2023a).

The indication is that community engagement starts with raising awareness before moving to adoption, productive
operation, and word-of-mouth marketing. The approach must be flexible and requires a clear understanding of the local
socio-economic and cultural characteristics. Community engagement should be tailored in terms of the promotional tools,
materials, and channels. Table 5 summarises the key community engagement activities for each phase of the typical mini-
grid project cycle (Energy Sector Management Assistance Program (ESMAP), 2019).

Table 5: Key community engagement activities for each phase of the mini-grid project cycle, from (Energy Sector Management Assistance
Program (ESMAP), 2019)
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9. CONCLUSION

he global energy landscape is undergoing a profound transformation, with DERs emerging as a critical pathway
to achieving universal energy access and sustainable development, particularly in SSA. The analysis presented in
this report underscores that SSA faces a unique and pressing energy access challenge, characterised by a large
unelectrified population, significant rural-urban disparities, and severe socio-economic impacts stemming from energy
poverty. Conventional grid extension models alone are insufficient to meet these needs, necessitating a strategic pivot

towards decentralised solutions.

Six primary conclusions from the document are summarised in Figure 42.
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Figure 42: Roadmap key conclusions

Digitalizationand
Climate Resilience
are Cross-Cutting
Enablers

Firstly, DERs are the optimal solutions for energy access in SSA and DERs have multifaceted benefits beyond electrification.
Scaling DES requires governance and regulatory frameworks, along with innovative financing to de-risk DERs. Human
capital and local value chains are strategic imperatives to ensure the success of scaling DES. Finally, digitalisation and
climate resilience are cross-cutting enablers for scaling DES in SSA.
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DERs AS THE OPTIMAL SOLUTION FOR ENERGY ACCESS IN SSA
The declining LCOE for solar hybrid mini-grids, coupled with their inherent flexibility and ability to reach dispersed populations

cost-effectively, positions them as the optimal and often least-cost solution for achieving universal energy access in SSA.
This represents a fundamental shift from a "grid-first" to a "DER-first" approach in many contexts.

MULTIFACETED BENEFITS BEYOND ELECTRIFICATION

DERs offer a unique "double dividend" for SSA, simultaneously addressing critical energy poverty and contributing
significantly to climate change mitigation and adaptation. They act as powerful engines for local economic development,
fostering entrepreneurship, creating jobs, and improving livelihoods, thereby generating a positive feedback loop for
sustained growth.

GOVERNANCE AND REGULATORY FRAMEWORKS ARE FOUNDATIONAL

An enabling policy and regulatory environment, characterised by long-term strategic vision, adaptive policy design, inter-
agency coordination, and robust institutional capacity, is indispensable for scaling DERs. Clarity, predictability, and efficiency
in market entry, tariff setting, and grid integration are paramount for attracting private investment.

INNOVATIVE FINANCING IS ESSENTIAL FOR DE-RISKING

The high upfront capital costs and complex risk stack (perceived, demand, political, macroeconomic, currency) in SSA
necessitate innovative financial mechanisms. Blended finance, flexible payment systems (e.g., PAYG), carbon credit
schemes, and robust risk-sharing mechanisms are crucial for de-risking projects and unlocking significant private and
concessional capital.

HUMAN CAPITAL AND LOCAL VALUE CHAINS ARE STRATEGIC IMPERATIVES

Sustainable DER scaling hinges on developing local entrepreneurship ecosystems, building comprehensive skill sets across
the value chain, and strengthening local supply chains and manufacturing capabilities. Empowering local communities and
women as active participants and owners is key to long-term project sustainability and inclusive development.

DIGITALISATION AND CLIMATE RESILIENCE ARE CROSS-CUTTING ENABLERS

Integrating digitalisation (smart meters, advanced inverters, and data platforms) is vital for improving grid visibility, enhancing
reliability, and optimising DER integration. Simultaneously, designing and implementing disaster-resilient DER systems is
critical for adapting to climate change impacts and ensuring energy security in vulnerable regions.
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The following actionable recommendations are put forth for policymakers, government advisors, and international
development professionals in SSA, summarised in Figure 43.
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Figure 43: Recommendations for scaling DERs

Scaling DES in SSA starts with governments integrating DERs as central pillars in national energy plans. Adaptive
and transparent regulatory frameworks must be fostered. In parallel, mobilising diverse and de-risked financing
creates signals to cultivate robust local market ecosystems and innovation hubs. Finally, DERs must be future
proof, with climate change resilience and digitalisation. The five core steps—strategic integration into national
plans, adaptive regulatory frameworks, de-risked financing, robust local ecosystems, and future-proofing—are
interdependent and must be pursued concurrently to achieve transformative impact. By adopting these comprehensive
and integrated strategies, countries in SSA can accelerate their journey towards universal energy access, foster sustainable
economic development, and build resilient energy systems capable of navigating the challenges of a changing climate.

Beyond the five core steps, two cross-cutting enablers —human capital development and active community engagement—
are fundamental to the long-term success and scalability of DES in Africa. These elements are not standalone initiatives
but are intrinsically woven into the fabric of every step, ensuring that projects are not only technically sound and financially
viable but also socially accepted and locally sustainable.

The success of DER scale-up is fundamentally tied to the capabilities of the institutions responsible for their oversight and
implementation, as well as the availability of skilled personnel. A lack of skilled personnel and organisational expertise can
become a critical bottleneck, even when supportive policies and financial resources are abundant. The development of
mini-grids and other DERs requires a distinctive set of skills across the entire value chain, from initial site selection and
financial modelling to project construction and ongoing O&M. Common skill gaps exist among various stakeholders,
including project management and risk assessment for developers, GIS planning and payment collection for utilities,
project appraisal for banks, system design for engineers, technology familiarity for suppliers, and coordinated planning for
policymakers.

By adopting these comprehensive and integrated strategies, countries in SSA can accelerate their journey towards universal
energy access, foster sustainable economic development, and build resilient energy systems capable of navigating the
challenges of a changing climate.
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Table 6: Recommendations for scaling DERs

Order of
Importance

Step Name

Integrate DES as
Central Pillars in
National Energy Plans

Foundational (High)

Primary Action Areas

Shift from “grid-only” to “least-cost,
integrated solutions”

Develop long-term electrification plans with
explicit DES targets

Leverage geospatial analysis for optimal
deployment

Key Stakeholders Involved

Governments (Energy Ministries, and
Planning Agencies), National Utilities,
Researchers, and International Development
Partners

Foster Adaptive
and Transparent
Regulatory
Frameworks

Foundational (High)

Design adaptive policies with regular review
mechanisms

Establish clear and comprehensive regulatory
frameworks

Implement innovative regulatory
mechanisms (sandboxes, contracts)
Streamline bureaucratic processes

Governments (Regulators, Ministries of
Energy/Finance), Private Sector (Developers,
Investors), Industry Associations, and Legal
Experts

Mobilise Diverse and | Critical Enabler

Design smart subsidies and fiscal incentives

Leverage concessional finance and
guarantees from development partners

Governments (Finance Ministries),
Multilateral/Bilateral Development Partners,

Market Ecosystems

] Sustainability (High)
and Innovation Hubs

De-risked Financing | (High) Promote innovative financial mechanisms Private Investors, Local Financial Institutions,
(equity, debt, business models) and Mini-grid Developers
Develop robust risk-sharing tools
Align with national job creation and
. entrepreneurship strategies Governments (Labour, Industry, and
Cultivate Robust Local . T Education Ministries), Academic Institutions,
Long-term Invest in comprehensive skill-building

Leverage local resources and supply chains;
Support domestic component manufacturing;
Foster cross-country partnerships

Local Industry/Entrepreneurs, Local
Communities, and International Development
Partners

Future-Proof DES
through Climate
Resilience and
Digitalisation

Cross-cutting
Imperative (High)

Integrate climate risk assessments into
planning

Invest in digital infrastructure (smart meters,
monitoring tools)

Update grid codes for advanced inverter
functionalities
Foster coordination between TSOs and DSOs

Governments (Energy and Environment
Ministries), TSOs, DSOs, Technology
Providers , and Researchers

INTEGRATE DERS AS CENTRAL PILLARS IN NATIONAL ENERGY PLANS

To effectively integrate DERs as central pillars in national energy strategies, governments should develop and implement
long-term electrification plans that explicitly prioritise solutions such as mini-grids and solar home systems for rural and
remote communities. These plans should be guided by geospatial analysis to identify the most cost-effective deployment
zones, ensuring that resources are allocated efficiently. Additionally, it is essential to establish clear, time-bound targets
specifically for DER deployment, with mechanisms in place to adapt these goals in response to technological innovations

and evolving market conditions.

FOSTER ADAPTIVE AND TRANSPARENT REGULATORY FRAMEWORKS

To support the growth of DERs, governments should adopt adaptive policy designs that include regular review
mechanisms —such as dynamic tariffs—to stay aligned with evolving market conditions and technological progress. A clear
and comprehensive regulatory framework is essential, covering everything from market entry and retail tariffs to service
standards and grid integration, providing much-needed predictability for investors. Innovative approaches like “regulation

o B
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by contract” and “regulatory sandboxes” can help de-risk new business models and accelerate innovation in the sector.
Additionally, streamlining bureaucratic processes through standardised templates, digital platforms such as one-stop
shops, and coordinated oversight can significantly reduce transaction costs and speed up project implementation.

MOBILISE DIVERSE AND DE-RISKED FINANCING

To unlock the full potential of DERSs, it is essential to mobilise a diverse mix of financing that is both strategic and de-
risked. This includes designing and implementing smart subsidies—such as performance-based grants and front-end
subsidies—that are carefully targeted to attract private investment without fostering long-term dependency. Governments
and stakeholders should actively collaborate with multilateral and bilateral development partners to tap into concessional
finance and guarantees that help de-risk projects and bring in commercial capital. At the same time, promoting innovative
financial mechanisms such as PAYG models, carbon credit schemes, and microfinance institutions can improve affordability
for end-users while opening up new sources of capital. To further enhance investor confidence, robust risk-sharing tools —
such as minimum revenue guarantees, loss-sharing arrangements, and currency risk mitigation instruments —should be
developed and deployed to make DER projects more financially viable and attractive to private sector players.

CULTIVATE A ROBUST LOCAL MARKET ECOSYSTEM AND INNOVATION HUB

To build a thriving local market ecosystem for DRE, it is crucial to align deployment efforts with national job creation strategies
and entrepreneurship programmes. This includes developing local capacity for installation, operation, maintenance, and
productive use of energy. Investing in comprehensive skill-building across the DES value chain—covering technical,
managerial, and financial competencies—through partnerships with academic institutions and industry is key to sustaining
growth. Leveraging local resources and existing market structures by incentivising local sourcing and value addition
can reduce reliance on imports and promote a circular economy. Strategic industrial policies should also support the
development of domestic DER component assembly and manufacturing, potentially through targeted incentives and R&D
grants. Finally, fostering cross-country partnerships and facilitating knowledge transfer will help adapt and scale proven
technologies and business models from other regions, accelerating innovation and market maturity.

FUTURE-PROOF DERS THROUGH CLIMATE RESILIENCE AND DIGITALISATION

To ensure DERs remain resilient and effective in the face of climate change and evolving energy demands, it is essential
to integrate climate risk assessments into all stages of DER planning. Special attention should be given to designing and
deploying disaster-resilient systems—such as mini-grids with islanding capabilities —particularly in vulnerable regions and
for critical infrastructure. At the same time, investing in digital infrastructure such as smart meters, AMI, and distribution
network monitoring tools is key to improving grid visibility and enabling real-time DER management. Updating grid codes
to require advanced inverter functionalities for new DER installations will allow these systems to provide essential grid
support services and enhance overall system flexibility. Finally, fostering coordination between TSOs and DSOs through
new communication protocols, data-sharing platforms, and pilot projects will be critical for the seamless integration and
optimised dispatch of DERs across the electricity network.
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SECTION C: EXECUTIVE SUMMARY

Section C augments the aforementioned financing (Section A) and scaling guidelines (Section B) by establishing a
critical and dynamic ecosystem for knowledge dissemination, capacity enhancement, and collaborative action. This digital
platform functions as a centralised, readily accessible repository of DES expertise, specifically designed to assist African
nations and G20 markets in aligning and harmonising policies, technical knowledge, and funding mechanisms. Its primary
objective is to proactively address significant impediments such as fragmented information, persistent skills deficits within
the energy sector, and circumscribed access to pivotal professional networks.

Collectively, Sections A, B, and C constitute a cohesive and comprehensive roadmap, meticulously designed for maximal
impact and enduring sustainability.

e Section A furnishes the strategic financial framework, precisely articulating the mechanisms for attracting, structuring,
and deploying requisite investments.

e Section B translates this robust framework into actionable, ground-level guidelines for effective implementation and
scalable deployment, detailing the essential policy, technical, and market conditions that are prerequisite for success.

e Ultimately, Section C serves as the indispensable, dynamic enabler, fostering the critical knowledge, cultivating the

requisite skills, and forging the collaborative networks that are for the sustainable growth and long-term transformative
influence of DES across Africa.

By integrating these three interconnected pillars—finance, implementation, and knowledge —this roadmap presents a
holistic, pragmatic, and ambitious strategy for attaining universal energy access, fostering inclusive economic development,
and building lasting climate resilience throughout the African continent.

VISION AND PURPOSE

The Hub envisions an inclusive, accessible, and evolving digital space that will democratise access to high-quality
knowledge and tools on DES. It will serve all ecosystem actors—from policymakers and financiers to entrepreneurs and
students—through interactive and indexed content that promotes skills development, market access, and South-South
and G20 cooperation.

Recommendation: Funders and development partners are invited to support the digital infrastructure and content curation
processes needed to build a user-centred, low-bandwidth, mobile-accessible platform.

SKILLS DEVELOPMENT AND HUMAN CAPITAL

Africa’s energy transition is fundamentally a human capital challenge. The Hub will address skills shortages across the entire
DES lifecycle—design, installation, operations, maintenance—through online courses, training of trainers (ToT), practical
placements, certification pathways, and youth-focused programmes.

Recommendation: Investment in content creation, regional training partnerships, and credentialing systems is essential
to build a pipeline of technicians, engineers, and energy entrepreneurs.

ACCESS TO FINANCE AND INVESTMENT READINESS

The Hub will host a dedicated stream demystifying DES financing models, including blended finance, RBF and small-
ticket funding. It will provide how-to guides, funder databases, case studies, and application templates to empower local
developers and Small and Medium Enterprises (SMEs) to access capital.

Recommendation: Donors and DFls should contribute to developing this stream to address structural financing gaps,
de-risk investments, and support scalable business models.
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ACCESS TO MARKETS AND BUSINESS DEVELOPMENT

DES providers often lack visibility and market intelligence. The Hub will connect them to commercial, industrial (C&l) and
residential off-takers through a digital marketplace, use case libraries, demand heat maps, and procurement readiness
tools.

Recommendation: Funders can support the build-out of this digital marketplace and sponsor regional case studies that
illustrate market-fit and bankability.

ACCESS TO POLICY AND REGULATORY INTELLIGENCE

Navigating fragmented and evolving policy frameworks is a major barrier to DES scale. The Hub will feature policy summaries,
model regulations, licensing templates, and comparative regulatory dashboards to inform advocacy and design.

Recommendation: Collaborate with government agencies, think tanks, and G20 policy bodies to feed accurate, timely
regulatory intelligence into the platform.

ACCESS TO NETWORKS AND COLLABORATION

The Hub will act as a virtual meeting ground, linking DES professionals through a global calendar of events, indexed
associations, South-South partnerships, and knowledge-sharing forums. It will nurture communities of practice and amplify
regional innovation.

Recommendation: Funders can invest in community-building activities and thematic exchange programmes that seed
global partnerships and mentorship pathways.

e Expand Talent Pipelines: Train thousands of DES professionals annually

e Unlock Investment: Empower local businesses through financial literacy and matchmaking
e Enable Market Growth: Connect supply and demand in underserved communities

e Accelerate Innovation: Share best practices at scale

e Foster Just Transitions: Prioritise inclusion of women, youth, and marginalised groups

The Knowledge Hub is not a standalone initiative. It complements:

e Section A: By demystifying financing frameworks and improving project bankability through capacity building

e Section B: By translating technical, regulatory, and institutional strategies into actionable knowledge and localised
implementation support

Together, these sections ensure that Africa’s DES rollout is not only funded and policy-aligned but also people-centred and
knowledge-driven.

The G20-Africa Knowledge Hub presents a rare opportunity for global cooperation. With sufficient backing, it can become
the most important digital resource for decentralised energy systems across Africa and the Global South. We call on
development partners, private sector leaders, academic institutions, and G20 member states to support the realisation of
this platform.

Invest in the Knowledge Hub —invest in Africa’s energy future.
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1. INTRODUCTION

The global energy transition requires inclusive, resilient, and innovative approaches to ensure universal access to energy.
In Africa, DES play a pivotal role in realising this objective. This concept note presents a comprehensive roadmap for the
sustainable financing of DES, aligned with Mission 300 and driven by the G20 ETWG under Priority Area 1, Outcome 2.
The roadmap is built on three core pillars: a strategic funding framework, mechanisms for knowledge sharing and capacity
building, and a guideline tailored to the unique context and needs of the African continent.

2. BACKGROUND

Despite notable progress in the clean energy sector, more than 600 million Africans still lack access to electricity. Centralised
systems alone cannot bridge this gap. DES, powered by solar, wind, battery storage, and mini-grid technologies, present
a scalable and sustainable alternative. Yet these systems continue to face significant financial, technical, and regulatory
barriers that require coordinated action and strategic interventions. The proposed roadmap aims to consolidate existing
initiatives, address critical market gaps, and align with global commitments such as Mission 300.

At the heart of the roadmap is the development of a sustainable funding framework designed to accelerate the adoption
of DES. Anchored in the principles of Mission 300—a global initiative aimed at accelerating universal energy access by
2030—this funding framework emphasises the creation of blended finance models that leverage both public and private
capital. Its objectives include de-risking investments, reducing the high upfront costs associated with DES, and establishing
financial mechanisms that can attract scalable, long-term investments.

To ensure a halistic and actionable approach, this core initiative is complimented by two critical supporting interventions:

e A Framework for the Accelerated Deployment of DES: The second supporting activity involves the development
of a guideline for scaling decentralised energy in Africa and other regions. This guideline will be instrumental in
translating financing frameworks into on-the-ground implementation, while enabling customisation to local context.

e Advance Technology Capacity Building: Creation of the G20-Africa Knowledge Hub: This digital platform will serve
as a centralised resource for decentralised energy system expertise, with the mandate to support African countries
and G20 markets in aligning and harmonising policies, technical knowledge, and funding mechanisms.

The G20-Africa Knowledge Hub is a vital enabler of decentralised energy system deployment, fostering a dynamic and
inclusive knowledge ecosystem. Designed as a collaborative virtual platform, it enables stakeholders from G20 and African
markets to upload and share valuable resources, ranging from policy briefs and technical toolkits to case studies and
market insights, thereby building a continually evolving repository of expertise.

Its ubiquitous access model ensures that the platform is reachable even in remote areas across the Global South, with
low-bandwidth and mobile-friendly designs enhancing usability for practitioners, policymakers, and entrepreneurs alike.
Figure 44 provides a visual summary of the Knowledge Hub. Beyond information sharing, the Hub plays a catalytic role in
promoting entrepreneurship and industrialisation by providing access to financing opportunities, mentorship programmes,
and market linkage tools. These features support local innovators and SMEs in scaling their solutions and contributing to
the development of a robust, inclusive decentralised energy economy.
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Figure 44: G20 Knowledge Hub

3. ACCESS TO MARKETS FOR COMMERCIAL,

INDUSTRIAL, AND RESIDENTIAL SECTORS

Access to reliable, affordable, and sustainable energy remains one of the most pressing development challenges for
Africa and the Global South. Despite recent progress, more than 600 million people in SSA still lack access to electricity
(IEA, 2023), with millions more experiencing frequent outages, unreliable supply, or prohibitively high energy costs. In
this context, DES, comprising solar home systems, mini-grids, battery storage, and other distributed renewable energy
solutions, are increasingly recognised as the most viable and inclusive pathway for electrification, particularly in off-grid,
peri-urban, and underserved areas.

The AfDB, 2022, and SEforALL, 2021, affirm that DES offer not only the flexibility to reach remote communities but also
the agility to support the C&l sectors with scalable, reliable, and clean power. Furthermore, the Global Commission to End
Energy Poverty (2020) has emphasised that DES represents a cornerstone in enabling the productive use of energy, which
is vital for boosting rural incomes, supporting SMEs, and driving local economic growth.

However, DES deployment continues to be hindered by market fragmentation, limited visibility of demand, and poor
coordination between solution providers and end-users. In this context, the G20-Africa Knowledge Hub is poised to
become a catalyst for market access and transformation. This chapter explores how the Hub will function as strategic
digital infrastructure to connect DES providers with emerging demand across the C&l and residential segments, especially
in Africa’s rapidly urbanising secondary cities and informal settlements.

Consolidating market intelligence, the Hub will enable stakeholders to identify opportunities, access geospatial data, and
analyse consumer demand trends. It will also serve as a living repository, indexing case studies, financing models, and
deployment toolkits from across the Global South and G20 member states. These resources will help de-risk investment,
standardise practices, and fast-track implementation at scale.
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Importantly, the Hub is designed not merely as a knowledge platform but as a collaborative ecosystem that enables South-
South knowledge exchange and peer learning. It invites governments, financiers, entrepreneurs, and community-based
organisations to co-create solutions and contribute insights that address contextual challenges.

Ultimately, this chapter underscores how the G20-Africa Knowledge Hub can unlock the DES market’s potential, foster
inclusive energy economies, and accelerate progress towards SDG 7: Affordable and Clean Energy for All, while aligning
with climate resilience and just energy transition goals.

THE COMMERCIAL AND INDUSTRIAL AND RESIDENTIAL OPPORTUNITY

The DES market in Africa is undergoing a significant transformation, driven by technological innovation, evolving consumer
needs, and growing recognition of the limitations of centralised grid expansion. In the C&l sector, energy reliability is no
longer a luxury—it is a business imperative. From agro-processing plants and cold storage facilities to manufacturing
operations, hotels, retail chains, and data centers, companies across the continent are increasingly vulnerable to frequent
grid outages, voltage fluctuations, and rising electricity tariffs. These challenges disrupt operations, inflate operating costs,
and reduce overall competitiveness. As a result, many businesses are now actively investing in on-site renewable energy
solutions, including solar PV systems, hybrid mini-grids, and battery storage, to ensure energy security, manage costs, and
meet sustainability targets.

According to the Africa Solar Industry Association (AFSIA, 2023), there has been a sharp rise in solar installations within
the C&l sector, particularly in South Africa, Kenya, Nigeria, Ghana, and Uganda, where policy reforms and net metering
frameworks have made decentralised systems more attractive. Additionally, energy service company (ESCO) models and
leasing arrangements are reducing the financial burden on businesses by removing the need for upfront capital investment.

In the residential sector, the challenge is even more pronounced. An estimated 600 million people in SSA still live without
access 1o electricity (IEA, 2023), with millions more receiving inadequate or unreliable supply. This is particularly acute in
peri-urban and rural communities, where the national grid has either not reached or remains unaffordable and inconsistent.
For these populations, DES present a transformative opportunity—providing affordable, scalable, and clean alternatives
to traditional energy sources such as diesel generators, kerosene, and wood fuel, which are often expensive, polluting,
and health-damaging.

Innovative business models such as PAYG solar home systems and community mini-grids are expanding rapidly across
countries like Tanzania, Rwanda, Senegal, and Zambia, enabled by mobile money platforms and digital technologies.
These models have proven particularly effective in lowering barriers to access by spreading payment over time and enabling
remote system monitoring and customer engagement.

As African economies grow, urbanise, and digitise, the demand for decentralised, resilient, and consumer-centric
energy solutions will continue to expand. DES are not just a stopgap—they are fast becoming a cornerstone of
Africa’s long-term energy strategy, supporting inclusive development, economic empowerment, and climate goals
simultaneously.

DRIVERS OF DES ADOPTION
COST SAVINGS

Decentralised energy systems such as solar PV, battery storage, and hybrid mini-grids offer significant long-term cost
advantages compared to traditional energy sources. For businesses, DES reduce reliance on expensive diesel generators
and high utility tariffs —especially in countries with unstable grids or time-of-use pricing structures. By generating power on-
site, C&l users can stabilise their operational expenditure, improve profit margins, and hedge against future tariff increases.
For households—particularly in rural and peri-urban areas — DES solutions eliminate recurring fuel costs and provide a more
predictable and affordable energy bill. Over time, the total cost of ownership for DES is lower than grid extension or fossil
fuel alternatives, especially when factoring in reduced maintenance and fuel replacement cycles.
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ENERGY INDEPENDENCE

One of the most valued benefits of DES is the autonomy it provides from central grid instability. Across many parts of
Africa and the Global South, load-shedding, frequent blackouts, and infrastructure failures continue to disrupt productivity,
education, and healthcare. By deploying standalone or grid-connected DES, both businesses and households gain greater
control over their energy supply, ensuring continuity of operations and access to basic services. Energy independence is
especially critical in remote areas where grid access is years away—or unlikely to be achieved in the foreseeable future.
For industrial users, it also provides resilience against fuel shortages and price volatility, while ensuring business continuity
in competitive markets.

SUSTAINABILITY

There is increasing regulatory pressure and consumer demand for climate-conscious and low-carbon energy solutions.
Governments are introducing clean energy targets, carbon pricing mechanisms, and green procurement requirements that
are encouraging the shift from fossil fuels to renewables. At the same time, consumers—particularly younger and urban
populations—are demanding eco-friendly products and responsible brands. DES powered by renewable energy sources
like solar and wind significantly reduce carbon footprints and air pollution, aligning with national climate commitments under
the Paris Agreement and SDG 7. For businesses, investing in DES is a visible sustainability action that can enhance brand
reputation, investor confidence, and environmental, social, and governance performance.

TECHNOLOGICAL ADVANCES

Rapid innovation in battery storage, smart metering, loT, and remote monitoring is making DES solutions more efficient,
accessible, and user-friendly. These technologies enable real-time system optimisation, predictive maintenance, and
usage-based billing—making it easier for users to manage their energy consumption and costs. For service providers,
advanced analytics and cloud-based platforms reduce operational overhead and improve service delivery, even in hard-to-
reach locations. These innovations also support the aggregation and scaling of small projects, making them more attractive
to financiers. As hardware costs decline and digital tools become more widespread, the viability and scalability of DES in
the Global South will continue to improve.

BARRIERS TO MARKET ACCESS

Despite the proven benefits of DES—from enhanced energy access and cost savings to sustainability and resilience —
several critical barriers continue to impede their widespread adoption and scale, particularly in underserved regions across
Africa and the Global South.

HIGH UPFRONT COSTS

The capital-intensive nature of DES technologies—especially solar PV, battery storage, and hybrid systems—poses a
significant barrier to adoption. While long-term operational costs are lower than traditional grid or diesel solutions, the
initial investment required for procurement, installation, and system integration remains prohibitively high for many potential
users. This is particularly acute for SMEs, informal businesses, and low-income households, who may lack savings or
collateral to secure loans. For many, the upfront cost is not just a financial challenge but a psychological deterrent to even
considering renewable alternatives.

FINANCING GAPS

Access to affordable, tailored financing is one of the most pressing challenges facing the DES sector. Most commercial
banks and microfinance institutions either do not understand the business models behind DES or view them as high-
risk ventures due to their decentralised, small-scale nature. As a result, DES developers and end-users often struggle to
access credit, especially in local currencies and with terms suited to the long payback periods typical of energy projects.
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In addition, gender and rural financial exclusion further marginalise women and remote communities from benefitting from
DES solutions. While some progress has been made with PAYG and lease-to-own models, financing remains fragmented
and underdeveloped.

REGULATORY UNCERTAINTY

Policy and regulatory environments across many African countries are inconsistent, unclear, or rapidly changing, which
creates uncertainty for investors and developers. Issues such as ambiguous licensing requirements, overlapping jurisdiction
between national and local authorities, and long permitting timelines can delay or derail projects. Moreover, tariff structures,
subsidies for grid electricity, and the absence of clear guidelines for grid interconnection of mini-grids further complicate
the investment climate. Without predictable, transparent, and supportive regulatory frameworks, the risk-adjusted returns
on DES projects remain unattractive to many private investors.

MARKET FRAGMENTATION

The DES ecosystem is often characterised by a lack of coordination among stakeholders, including solution providers,
investors, policymakers, and end-users. Many DES companies operate in isolation, with limited visibility into local demand,
financing options, or policy incentives. This market fragmentation results in duplicated efforts, poor resource allocation, and
weak economies of scale. Additionally, the absence of standardised data on energy demand, user preferences, and project
performance makes it difficult to match DES providers with potential off-takers. The lack of aggregated platforms for market
intelligence and matchmaking hinders both investment and deployment.

Addressing these barriers requires a coordinated, multi-stakeholder effort involving governments, DFls, private sector
actors, and community-based organisations. The proposed G20-Africa Knowledge Hub, as outlined in this roadmap, will
play a critical role in bridging these gaps by centralising information, facilitating policy dialogue, connecting stakeholders,
and supporting the development of scalable, inclusive financing and regulatory models.

Access to affordable, modern electricity has long been a transformative challenge across Africa, especially in rural and
low-income communities. SHS coupled with PAYG business models have rapidly changed this landscape, democratising
energy access in some of the continent’s most underserved areas. These innovative solutions break down financial barriers
by enabling households to obtain high-quality solar systems—comprising solar panels, batteries, efficient lighting, and
device charging—while paying in flexible, small instalments that align with their cash flow realities and seasonal earnings.
Rather than requiring unattainable upfront investments, PAYG solar aligns payment schedules with local income patterns
and leverages digital platforms and mobile money, ensuring that previously unbanked populations can participate. By
combining cutting-edge technology, customer-centric financing, and robust last-mile distribution, SHS and PAYG models
directly support universal energy access goals, expand financial inclusion, and deliver proven social, economic, and
environmental benefits to millions of families across Africa and the Global South.

This section reflects on DES models for Africa and the Global South, bringing into focus some recommendations from
Section B of the roadmap.

SOLAR HOME SYSTEMS AND PAY-AS-YOU-GO

SHS and PAYG models have revolutionised energy access for millions of low-income and off-grid households across
Africa. The PAYG approach, pioneered by companies like M-KOPA in Kenya, overcomes the traditional affordability barrier
by allowing customers to pay for solar energy products in small, manageable increments that align with their irregular or
seasonal income flows.

HOW PAYG SOLAR WORKS
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Under the PAYG model, a household makes a modest down payment to receive a solar home system—typically including
a solar panel, battery, LED lights, and phone charging capability. The system is then activated and remains operational as
long as the customer continues to make regular payments, which can be daily, weekly, or monthly, using widely available
mobile money platforms. If payments lapse, the system can be remotely deactivated until payments resume, minimising
credit risk for providers and making it feasible to serve unbanked, low-income customers.

IMPACT ON AFFORDABILITY AND INCLUSION

PAYG solar models have brought several transformative benefits:

¢ Financial Inclusion: Leveraging mobile money and flexible payment schedules, PAYG models enable even unbanked
and low-income households to access clean energy and build a credit history, opening doors to further financial
services.

¢ Household Savings: Customers typically save $4-5 per week by replacing kerosene and battery-powered lighting
with solar, freeing up cash for essential expenses like school fees or health care.

e Economic Resilience: The model helps households manage cash flow volatility and provides a safety net against
economic shocks, as payments can be paused and resumed as needed.

¢ Health and Environment: By reducing reliance on kerosene, PAYG SHS improve indoor air quality and reduce fire
hazards, while also contributing to lower carbon emissions.

CUSTOMER EXPERIENCE AND VALUE

Research shows that households value the ability to pay for solar over time, with flexible, high-frequency payments far
more manageable than traditional loans or lump-sum purchases. Improved lighting and connectivity have a direct positive
effect on quality of life, enabling children to study at night, supporting small businesses, and enhancing household safety.

Customers also appreciate the transparency and non-punitive nature of PAYG contracts: if they fall behind on payments,
they are simply locked out of the system until they can pay again, rather than facing harsh penalties or repossession.

SCALABILITY AND MARKET GROWTH

The PAYG model is commercially scalable and has reached over 5 million customers across Kenya, Uganda, Tanzania, and
beyond, with more than $1.5 billion in credit extended and a measurable improvement in quality of life for 80% of users.
The model’s success is underpinned by:

¢ Integration with Mobile Technology: Widespread mobile phone and mobile money adoption in Africa has been
critical to the success of PAYG solar, simplifying payment collection and customer management.

e Remote Monitoring and loT: Providers use loT-enabled smart meters to monitor usage and enforce payments,
supporting operational efficiency and customer trust.

¢ Distribution Networks: A motivated network of sales agents and support staff ensures last-mile delivery and after-
sales service, further building customer confidence.

FUTURE PROSPECTS

PAYG solar providers are expanding their product offerings beyond basic lighting to include appliances, smartphones, and
even electric mobility solutions, all on flexible payment terms. This evolution is deepening financial inclusion and supporting
broader socio-economic development in Africa.

The PAYG solar model has proven to be a powerful tool for unlocking energy access at scale, particularly for the most
vulnerable and underserved populations. By aligning payment structures with local income realities, leveraging digital
finance, and providing a customer-centric service, PAYG solar is lighting the way to a more inclusive, prosperous, and
sustainable future for Africa.
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The success of PAYG solar models (e.g., M-KOPA in Kenya) demonstrates how innovative financing and distribution can
overcome affordability barriers and rapidly scale access. These systems allow households to pay in small, manageable
increments, aligning with local income patterns and building consumer trust.

MINI-GRIDS FOR COMMERCIAL, INDUSTRIAL, AND RURAL COMMUNITIES

Mini-grids have emerged as a transformative solution for electrifying clusters of businesses, industrial parks, and rural communities
across Africa and the Global South. By integrating solar, wind, or hybrid generation with battery storage, mini-grids deliver
reliable, high-quality power where traditional grid extension is often impractical or prohibitively expensive. Their modularity allows
for scalable deployment, adapting to growing demand and supporting both commercial and residential users.

COMMUNITY-LED AND PUBLIC-PRIVATE MINI-GRIDS: GHANA'S EXPERIENCE

In Ghana, the deployment of mini-grids has been driven by strong community engagement and advocacy, supported
by civil society organisations such as the Center for Energy, Environment and Sustainable Development (CEESD). In the
Kwahu Afram Plains North District, marginalised communities, with the support of CEESD and partners, mobilised to
demand access to electricity through mini-grids. This grassroots movement included town hall meetings, capacity-building
sessions, and direct engagement with district and national policymakers.

The result was not only the selection of island communities for mini-grid electrification but also the integration of mini-grids
into district development plans. The success in these communities has had a ripple effect, with the government earmarking
dozens of additional communities for mini-grid feasibility studies and deployment, often in partnership with the private
sector and international donors. These projects have brought uninterrupted power to thousands, enabling businesses to
operate after dark, improving livelihoods, and enhancing community security.

PRIVATE SECTOR-LED MODELS: SOUTH AFRICA’S MICROGRID EXPANSION

South Africa is also witnessing a shift toward private sector-led grid expansion, with companies like Granville Energy
piloting microgrids in underserved areas such as Orange Farm. These microgrids power homes, businesses, schools, and
public safety initiatives, demonstrating the potential of decentralised, renewable energy to drive inclusive development. The
government’s recent policy shift to encourage private sector participation is expected to accelerate the rollout of similar
projects nationwide.

This model leverages local knowledge and technology, ensuring solutions are tailored to community needs and can be
rapidly scaled. With more than 600 million people in SSA lacking reliable electricity, such modular microgrids offer an agile,
sustainable path to universal access.

ECONOMIC AND SOCIAL IMPACT

Mini-grids are not just about providing electricity—they are catalysts for economic growth and social transformation. By
powering businesses, mini-grids stimulate local economies, create jobs, and enable value addition to local products and
services. For example, in Sierra Leone, mini-grids have allowed businesses to replace costly diesel generators with clean
solar power, reducing operational costs and enabling longer business hours.

For communities, access to reliable electricity means improved education, healthcare, and overall quality of life. Mini-grids
also enhance resilience by providing stable power during grid outages and supporting critical infrastructure.

TECHNOLOGY AND FINANCING INNOVATIONS

Modern mini-grids typically range from 50 kW to 200 kW, serving hundreds of households and dozens of businesses.
They increasingly incorporate battery storage to ensure round-the-clock supply and can be hybridised with diesel or
other renewables for added reliability. The AMP and other initiatives are leveraging innovative business models, financial
investments, and public-private partnerships to scale deployment and reduce costs.
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Financing remains a challenge, with barriers such as subsidy allocation imbalances and regulatory hurdles. However, new
approaches—including blended finance, results-based funding, and dynamic tariff models—are helping to unlock private
investment and make mini-grids more viable for developers and communities alike.

SCALING UP: THE PATH FORWARD

The momentum behind mini-grids is growing, with governments, donors, and the private sector recognising their role in
achieving universal energy access by 2030. Policy support, community engagement, and innovative financing will be key
to scaling up deployment. As demonstrated in Ghana and South Africa, when communities, governments, and private
partners work together, mini-grids can deliver lasting economic and social benefits, lighting the way for Africa’s energy
future.

COMMERCIAL AND INDUSTRIAL ROOFTOP SOLAR

C&l rooftop solar, coupled with BTM storage, is rapidly transforming the energy landscape for businesses and industries
across Africa and the Global South. As electricity tariffs rise and grid reliability declines in many regions, C&l users are
turning to these solutions to ensure operational continuity, manage costs, and enhance sustainability.

KEY DRIVERS FOR C& ROOFTOP SOLAR ADOPTION
1. COST SAVINGS AND RAPID PAYBACK

Rooftop solar enables businesses to generate their own electricity, significantly reducing reliance on the grid and lowering
energy bills—often by as much as 75%. The initial investment in solar installations is offset by long-term savings, with
average payback periods ranging from 4.5 to 7 years, depending on system size, local tariffs, and incentives.

After the payback period, companies benefit from decades of virtually free electricity, boosting their bottom line and freeing
up capital for other strategic investments.

2. SUPPLY CONTINUITY AND ENERGY INDEPENDENCE

Frequent grid outages, load shedding, and extreme weather events can disrupt operations and cause financial losses.
Rooftop solar, especially when paired with BTM battery storage, provides a reliable, uninterrupted power supply, allowing
businesses to maintain productivity even during grid failures. This operational resilience is particularly critical for sectors like
manufacturing, retail, and data centres.

3. ENVIRONMENTAL AND REGULATORY BENEFITS

Call solar adoption supports corporate sustainability goals by reducing GHG emissions and reliance on fossil fuels. Many
governments offer tax credits, grants, and rebates for solar installations, further improving project economics and helping
businesses comply with environmental regulations. Companies that invest in solar can also enhance their brand reputation
and gain a competitive edge by demonstrating environmental responsibility.

BUSINESS MODELS AND FINANCING INNOVATIONS
POWER PURCHASE AGREEMENTS

PPAs allow businesses to benefit from solar energy without upfront capital expenditure. Under a PPA, a third-party developer
installs, owns, and maintains the solar system on the client’s roof, selling the generated electricity at a fixed rate, usually
lower than grid tariffs. This model is gaining popularity in Africa and Asia, making solar accessible to more businesses.
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LEASING AND SHARED OWNERSHIP

Leasing models and shared ownership arrangements help overcome barriers related to building ownership and tenant-
landlord relationships, which are common in commercial properties. These models align incentives between landlords and
tenants, ensuring mutual benefits and wider adoption.

BEHIND-THE-METER STORAGE

BTM batteries enable energy arbitrage (charging during off-peak hours and discharging during peak demand), demand
charge management, and increased self-consumption of solar power. This further reduces energy costs and maximises
the value of solar investments for C&l users.

TECHNICAL AND OPERATIONAL CONSIDERATIONS
SYSTEM DESIGN AND INTEGRATION

A successful C&l rooftop solar project requires careful site assessment, system sizing, and integration with existing
electrical infrastructure. Advanced monitoring and management platforms, such as those used by Volkswagen South
Africa, optimise performance, ensure safety, and facilitate preventive maintenance. Technologies like micro-inverters and
power optimisers mitigate shading effects and maximise energy yield from complex rooftops.

MAINTENANCE AND LONGEVITY

Solar power systems are known for their durability and minimal maintenance requirements. Routine cleaning and periodic
inspections are usually sufficient to ensure efficient performance throughout the system’s 20-25-year lifespan. Integrated
monitoring systems alert maintenance teams to any issues, ensuring long-term reliability.

VOLKSWAGEN SOUTH AFRICA

The company installed a SolarEdge rooftop PV system at its engine plant, offsetting electricity costs, improving energy
stability, and reducing production losses due to load shedding. The system was integrated with the plant’s IT and energy
management systems, enabling real-time performance tracking and efficient maintenance. Volkswagen expects to achieve
a return on investment within 4.5 years while supporting its sustainability objectives.

AGRI-INDUSTRIAL PLASTICS, IOWA

By combining rooftop solar with BTM storage, the company reduced operating costs by 10% and optimised energy use
for peak shaving, further improving operational efficiency.

SOUTH AFRICAN BUSINESSES

Many businesses are now leveraging rooftop solar to avoid high grid tariffs, manage demand charges, and ensure business
continuity during frequent power outages. These solutions are particularly valuable in regions where grid reliability is a
persistent challenge.

M-KOPA SOLAR (KENYA)

M-KOPA's PAYG solar home systems have electrified over a million households, demonstrating the power of innovative
financing and local market adaptation. The model has been replicated in other markets, showing the scalability of DES for
residential users.

LAKE TURKANA WIND POWER PROJECT (KENYA)

Supplying 17% of Kenya'’s electricity, this project exemplifies how large-scale decentralised renewable energy can meet C&l
demand, drive local economic development, and reduce emissions.
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COMMUNITY MINI-GRIDS (GHANA'S AND SOUTH AFRICA)

Community-led and public-private partnership mini-grids have empowered local economies, improved service delivery, and
fostered social capital through participatory approaches and innovative financing.

The following challenges and recommendations are identified:

e Ownership and Tenancy Issues: In multi-tenant commercial buildings, aligning incentives between landlords and
tenants can be complex. Innovative agreements, such as landlords selling solar electricity to tenants or offering
incentives for tenant investment, help overcome these barriers.

¢ Technical Constraints: Older buildings may require electrical upgrades to safely accommodate solar installations.
Careful planning, engineering, and budgeting are essential to address these challenges.

* Regulatory and Permitting: Navigating local regulations, securing permits, and ensuring compliance with building
codes are critical steps in project development. Governments can accelerate adoption by streamlining approval
processes and offering clear policy support.

e Strategic Value for Africa and the Global South: C&l rooftop solar represents a powerful lever for economic growth,
energy security, and climate action across Africa and the Global South. With 75% of all industrial and commercial
power demand in SSA, the sector’s transition to solar is pivotal for regional development. As more businesses embrace
solar and storage, they not only reduce costs and emissions but also drive innovation and resilience throughout their
economies.

e Utility-Scale Distributed Generation: Utility-scale DES, such as distributed solar farms, enable utilities to
supplement grid supply, reduce transmission losses, and enhance grid stability. These projects are often financed
through innovative public-private partnerships and blended finance models

These challenges and corresponding recommendations underscore the critical need for the G20-Africa Knowledge Hub
and validate its strategic importance in accelerating energy transitions across the continent.

The barriers—ranging from ownership and tenancy misalignments, technical constraints in ageing infrastructure, and
complex regulatory environments—are not unique to any one country or region but are systemic across Africa and
many parts of the Global South. Overcoming these issues requires coordinated learning, knowledge sharing, and policy
innovation, which a dedicated platform like the Knowledge Hub can facilitate.

Furthermore, the Knowledge Hub offers a vital mechanism for documenting and disseminating best practices in areas such
as innovative landlord-tenant agreements, cost-effective retrofits for older buildings, and streamlined permitting processes.
It can provide technical guidance, case studies, and policy models that help governments and private actors replicate
successful approaches.

Most importantly, the hub will catalyse the strategic deployment of C&l rooftop solar and utility-scale distributed generation,
both essential for unlocking economic growth, improving energy access, and ensuring climate resilience in Africa. By
convening stakeholders from G20 countries and African states, the Knowledge Hub can amplify local innovations, support
blended finance models, and foster a coordinated response to Africa’s energy priorities—ultimately making a tangible
difference in accelerating a just, inclusive energy transition.

Vision and Functionality of the knowledge Hub in the context of Enabling Market Access for the DES Ecosystems

The Knowledge Hub will serve as a virtual marketplace and intelligence platform, matching DES providers with demand
from the C&l and residential sectors across Africa and the Global South. Its core functions include:

e Market Intelligence: Aggregating and analysing data on demand trends, technology adoption, and regulatory
environments to inform market participants and policymakers.
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e Resource Indexing: Listing successful case studies, technology resources, and best practices to guide DES
deployment and replication.

e Opportunity Matching: Publishing requests for proposals (RFPs), bids, and partnership opportunities from off-takers
(businesses, communities, governments).

e Access to Finance: Showcasing innovative financing models, grant opportunities, and investment platforms to
support DES projects.

RESOURCES AND CONTENT

e Case Studies: Documenting successful DES implementations, such as M-KOPA's PAYG solar, Kenya’s Lake Turkana
Wind Power Project, and community-led mini-grids in Ghana and South Africa.

e Technology Library: Curating technical specifications, installation guides, and performance data for DES solutions
relevant to C&I and residential users.

e Financing Models: Indexing models such as crowdfunding, peer-to-peer lending, energy access funds, and local
currency financing, with guidance on structuring and accessing these instruments.

e Market Opportunities: Regularly updating a database of RFPs, tenders, and partnership calls from off-takers,
utilities, and government agencies.

e  Utility and Impact

e For DES Providers: The hub lowers market entry barriers by providing actionable intelligence, access to buyers, and
financing options.

¢ For C&l and Residential Off-Takers: It simplifies the search for reliable DES solutions and vetted providers, reducing
transaction costs and project risks.

¢ ForInvestors and Financiers: The hub offers a pipeline of bankable projects, market analytics, and risk-assessment
tools, facilitating informed investment decisions.

¢  For Policymakers: It provides evidence-based insights to inform supportive policies and regulatory reforms.

G20 AND SOUTH-SOUTH KNOWLEDGE CONTRIBUTION

The hub will leverage contributions from G20 member states—sharing global best practices, technology transfer, and
investment models—while amplifying African and Global South innovations, such as mobile-enabled payment platforms
and community-led DES governance. This cross-pollination will accelerate DES adoption and market maturity across
diverse contexts.

INDEXING FINANCING OPPORTUNITIES

The Hub will maintain a live database of financing opportunities, including grants, concessional loans, and investment calls
from development banks, climate funds, and private investors. Guidance on application processes and success factors will
be provided to reduce barriers to accessing capital.

The G20-Africa Knowledge Hub will evolve as the central platform for DES market access, knowledge exchange, and
opportunity matching. Key next steps include:

e Continuous Content Expansion: Regularly updating indexed resources, case studies, and market opportunities.
e Stakeholder Engagement: Facilitating dialogue between DES providers, off- takers, financiers, and policymakers.
e Capacity Building: Offering training modules and peer learning to enhance market readiness and technical skills.

¢ Impact Monitoring: Tracking DES adoption, market transactions, and user outcomes to inform future interventions.

The hub will bridge information gaps, connect market actors, and amplify successful models to unlock the full potential of
decentralised energy systems for Africa’s C&l and residential sectors—driving sustainable growth, resilience, and energy
equity across the continent and beyond.

99 DECENTRALISED ENERGY SYSTEMS

s BB e BEm A N o 4



4. ACCESS TO SKILLS DEVELOPMENT

ccess to skills development is a cornerstone of realising the full potential of DES in Africa and the Global South.

While technological innovation and financing are critical enablers, the human capital gap poses an equally significant

challenge to the widespread and sustainable deployment of DES. As the continent rapidly transitions towards
clean, reliable, and affordable energy, the need for a technically proficient, locally rooted, and inclusive workforce has never
been more urgent.

From system designers and engineers to technicians, installers, energy auditors, and maintenance providers, the DES
value chain demands a diverse and evolving set of skills. Moreover, the rise of digital technologies, such as smart metering,
remote monitoring, and energy management systems, requires continuous learning and cross-disciplinary expertise. In
many countries, however, technical training institutions are under-resourced, curriculum updates lag behind industry needs,
and opportunities for practical, hands-on learning are limited. This mismatch between skills supply and market demand
poses a significant barrier to project bankability, performance, and sustainability.

The G20-Africa Knowledge Hub is strategically positioned to bridge this skills gap by serving as a virtual, inclusive, and
interactive platform for capacity building across the DES ecosystem. It will aggregate and curate world-class training
materials, toolkits, certification programmes, and mentorship opportunities from G20 countries, African institutions, and
the Global South. These resources will be organised by thematic focus and skill level —ranging from entry-level technicians
to policy experts and entrepreneurs—ensuring relevance for diverse stakeholders.

In addition to structured learning, the Hub will host webinars, masterclasses, demonstration videos, and peer-to-peer
exchanges to enable experiential learning and contextual understanding. By supporting gender-sensitive and youth-
oriented skills development, it will also contribute to inclusive job creation, helping to ensure that women, young people,
and persons with disabilities are not left behind in the energy transition.

Critically, the Hub will not only serve learners but also policymakers, educators, and training institutions, providing them with
access to curriculum templates, labour market assessments, and regional skills data to inform national energy workforce
strategies. In doing so, it will foster alignment between energy policy, industrialisation, and education.

Ultimately, by making skills development accessible, affordable, and adaptive, the G20-Africa Knowledge Hub will empower
a new generation of DES practitioners, catalyse local innovation, and accelerate Africa’s transition towards a resilient, just,
and inclusive energy future.

This part of the knowledge hub focuses on the mechanisms and interventions recommended in Section B of the road map.

Africa’s energy transition is not merely about deploying technology or mobilising finance—it is, at its core, a human capital
challenge. The success of this transition hinges on the continent’s ability to cultivate a skilled, inclusive, and future-ready
workforce capable of supporting the deployment and scaling of DES across diverse geographies. According to IRENA
(2022), off-grid renewable energy technologies for energy access have the potential to create at least 4.5 million jobs
across Africa by 2030. These opportunities span a wide spectrum—from system design, financing, and installation to
operations, maintenance, and after-sales services.

However, Africa currently faces a chronic shortage of skilled professionals and technicians in the renewable energy sector,
particularly in the decentralised energy space. This shortage is most acute in rural and underserved regions, where
training institutions are scarce, awareness of energy careers is low, and opportunities for hands-on learning are virtually
non-existent. The consequence is a persistent mismatch between the growing demand for DES solutions and the local
workforce's ability to support them —undermining both project sustainability and local economic empowerment.

National and international frameworks increasingly recognise this gap. South Africa’s National Development Plan (NDP)
2030 prioritises skills development as a driver of inclusive growth, industrialisation, and sustainable development. Similarly,
the G20 Skills Strategy emphasises the need to equip populations — particularly youth and women —with the competencies
required to thrive in emerging sectors such as clean energy. Skills development is not only a pathway to employment; it is
also a lever for reducing inequality, enhancing productivity, and building long-term resilience.
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Yet, as Reddy et al. (2018) argue, skills development efforts must extend beyond classroom training. To be effective, they
must be embedded within enabling ecosystems that include supportive policies, strong institutional capacity, industry
alignment, and access to practical experience. Fragmented training programmes, outdated curricula, and the absence
of standardised competency frameworks continue to hinder progress in many parts of the continent. Furthermore, the
lack of formal recognition for skills acquired through informal or on-the-job training limits career progression and sector
professionalism.

To bridge these gaps, holistic interventions are needed. This include modernising technical and vocational education
and training (TVET) systems, expanding public-private partnerships to align skills with labour market needs, and creating
platforms for peer learning and continuous professional development. Initiatives such as the G20-Africa Knowledge Hub
can play a transformative role by centralising access to curated training resources, promoting South-South knowledge
exchange, and supporting the emergence of regionally consistent, demand-driven training ecosystems.

In sum, unlocking Africa’s energy future will depend as much on nurturing its people as it will on financing its infrastructure.
If the continent is to lead a just, inclusive, and green energy transition, closing the skills gap must be treated as a priority
equal to policy reform and capital mobilisation.

The rapid expansion of DES across Africa represents not only an infrastructure imperative but also a transformative
opportunity for workforce development. As the continent accelerates efforts to close its substantial energy access gap,
the demand for skilled professionals—spanning technical, managerial, and entrepreneurial roles—is surging. Yet, recent
evidence highlights persistent gaps and misalignments in the current skills development landscape.

According to IRENA (2022), scaling up off-grid renewable energy in Africa could generate millions of new jobs by 2030,
with the potential to reshape local economies and improve livelihoods. However, a critical challenge persists: the skill
sets currently cultivated by most training institutions do not match the practical and evolving needs of the DES sector.
Roles in installation, operations, and long-term maintenance —essential for ensuring the sustainability and reliability of
systems—are particularly underserved. Existing curricula are often outdated, overly theoretical, and lack real-world, hands-
on components vital for field-based energy solutions.

The Green People’s Energy for Africa (2024) initiative offers a compelling response to this challenge. It demonstrates
the effectiveness of targeted short courses, vocational programmes, and practical placements in rapidly upskilling local
talent. Focusing on key areas such as productive use technologies and mini-grid deployment, the initiative highlights how
workplace-integrated learning and robust partnerships between training institutions and energy enterprises can produce
graduates who are immediately deployable and attuned to market realities. This approach not only speeds up DES adoption
but also builds local ownership, enabling communities to maintain and scale their own energy systems.

At the policy level, South Africa’s NDP 2030 positions skills development as central to building a capable and developmental
state. It emphasises the need for a holistic approach that integrates formal education, TVET, and lifelong learning to drive
inclusive growth, innovation, and poverty reduction.

In alignment, the G20 Skills Strategy (2022) reinforces the importance of future-ready workforce policies. It advocates
modular, flexible training pathways, investment in digital literacy, and the fusion of green and technical skills to support the
just energy transition. The strategy underscores the urgency of adaptive skills systems that evolve with technology and
market demands, ensuring workers remain resilient and employable amid economic shifts.

From a youth perspective, the Y20 Concept Note (2025) brings critical focus to the role of young people—who make
up over 60% of Africa’s population. It calls for youth-specific training pathways, enhanced access to entrepreneurship
resources, and targeted frameworks to address systemic inequalities in education and employment. These efforts are not
only essential to enabling youth participation in the DES economy but also to unlocking Africa’s demographic dividend.

The literature signals a strong consensus: the success of Africa’s DES transition hinges on a parallel skills revolution. This
requires coordinated action across governments, education systems, and the private sector, underpinned by practical
training models, inclusive frameworks, and a commitment to lifelong learning and equity. The G20-Africa Knowledge Hub
is strategically positioned to become a catalyst in this space—aggregating resources, disseminating best practices, and
connecting learners across the continent with high-impact opportunities to thrive in the decentralised energy economy.
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VISION OF THE HUB IN THE CONTEXT OF ACCESS TO SKILLS DEVELOPMENT

The G20-Africa Knowledge Hub envisions a dynamic, inclusive, and universally accessible digital platform designed to
empower a new generation of energy professionals, entrepreneurs, policymakers, and community stakeholders across
Africa and the Global South. It aims to bridge the skills gap that currently hinders the widespread deployment and
sustainability of DES by offering tailored, context-relevant, and industry-aligned learning resources.

At its core, the Hub will serve as a central knowledge repository and collaborative ecosystem, curating and disseminating
high-quality training content, toolkits, case studies, certifications, and digital learning modules covering every stage of the
DES lifecycle—from project ideation and system design to installation, maintenance, and performance monitoring. It will
empower both new entrants and existing professionals to upskill and reskill, fostering a robust pipeline of local talent ready
to take on technical, managerial, and entrepreneurial roles in the growing green energy economy.

By centralising and democratising access to world-class training—through mobile-optimised, low-bandwidth-friendly
formats—the platform will actively remove barriers to education and professional development, particularly for youth,
women, and communities in remote and underserved areas. The Hub will also facilitate South-South cooperation, enabling
the exchange of best practices and innovations among G20 member states, African nations, and peer institutions in the
Global South.

Beyond education, the Hub envisions playing a strategic enabling role—supporting the achievement of the SDGs,
accelerating a just energy transition, and contributing to climate resilience, economic inclusion, and gender equality. By
anchoring its work in collaboration with governments, industry, academia, civil society, and development partners, the G20-
Africa Knowledge Hub aspires to become the go-to digital platform for capacity building in Africa’s decentralised energy
future.

Ultimately, this vision is not only about transferring knowledge—it is about empowering people, shaping markets, and
transforming systems to ensure that clean, reliable, and inclusive energy access becomes a reality for all.

FUNCTIONALITY AND RESOURCES IN THE GONTEXT OF ACCESS TO SKILLS DEVELOPMENT

The G20-Africa Knowledge Hub is designed to function as a comprehensive digital gateway to skills development,
knowledge exchange, and capacity building for stakeholders engaged in the DES value chain. Structured to respond to
the unique realities of Africa and the Global South, the Hub will be accessible, mobile-friendly, and resource-rich, offering an
integrated suite of tools and content to support learners, practitioners, policymakers, and innovators alike. Its functionality
extends beyond simple content aggregation—it is a collaborative learning environment, a digital library, and a launchpad
for action.

Key resource streams include reports and journals, live webinars, curated free online courses, and testimonies from DES
providers and off-takers. The G20-Africa Knowledge Hub will function as a living digital ecosystem—constantly evolving
with user input and sector trends. Its resources are designed not only to inform but also to inspire action, build local
capacity, and foster global solidarity in the pursuit of universal energy access through decentralised solutions.

REPORTS AND JOURNALS

The Hub will host an indexed and continuously updated repository of academic publications, policy briefs, technical reports,
and market insights. These will include contributions from global research institutions, development agencies, think tanks,
and industry associations. The goal is to ensure that users—from students to regulators —have access to evidence-based
insights and global best practices, particularly those relevant to DES deployment in emerging and rural markets. African
case studies and localised research will be prioritised to contextualise global knowledge within regional realities.
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LIVE WEBINARS

A flagship feature of the Hub will be its interactive webinar series, bringing together thought leaders, subject matter experts,
and practitioners from G20 countries, African nations, and the broader Global South. These sessions will cover a range of
topics —from technical skills (such as solar PV sizing or energy storage) to entrepreneurial and regulatory insights (such as
licensing mini-grids or structuring PPAs). Webinars will not only deliver knowledge but foster real-time dialogue, enabling
participants to ask questions, share experiences, and build professional networks across borders.

CURATED FREE ONLINE COURSES

The Hub will offer a catalogue of high-quality, open-access courses, developed in partnership with universities, vocational
training institutions, and industry players. These courses will cover key areas, including:

e Solar PV and mini-grid design

e  Battery storage systems and smart metering

e Energy entrepreneurship and business modelling
e Gender-responsive energy planning

e  Financial and risk modelling for DES projects

Courses will be modular, self-paced, and certifiable, with practical examples and assessments to reinforce learning. Where
possible, they will be translated into multiple languages and designed for low-bandwidth environments to ensure inclusivity.

TESTIMONIES FROM DES PROVIDERS AND OFF-TAKERS

To ground the Hub’s content in real-world experiences, it will feature a library of testimonies and video stories from:

e Technicians and engineers discussing their career journeys
e Entrepreneurs explaining how DES enabled their businesses
e Community leaders and households sharing the social impact of energy access

e Local utilities and C&l actors detailing how they transitioned to DES

These narratives will illuminate the human side of the energy transition, offering peer learning opportunities and showcasing
the transformative potential of skills and access. Each story will highlight barriers faced, solutions found, and the role of
education in overcoming challenges.

Beyond knowledge sharing, the G20-Africa Knowledge Hub is envisioned as a platform for action, designed to build the
human capital necessary for Africa’s just and inclusive energy transition. Recognising that access to information alone is
not enough, the Hub will offer structured capacity-building pathways to equip individuals, institutions, and communities
with the skills and competencies to lead and sustain DES. From assessing training needs to supporting long-term career
development, the Hub will serve as a facilitator, connector, and accelerator of transformative learning experiences across
the continent and the Global South.

TRAINING NEEDS ANALYSIS

To ensure that skills development efforts are responsive and impactful, the Hub will provide diagnostic tools, surveys, and
analytical frameworks that governments, training institutions, and energy companies can use to identify current and future
skills gaps within their regions or sectors. These resources will help stakeholders design evidence- based, demand-driven
training programmes, ensuring alignment between workforce capabilities and market needs. The tools will also support
data collection and reporting, contributing to national planning and energy workforce strategies.
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TRAINING OF TRAINERS

A key strategy for scaling skills development will be the implementation of ToT programmes. These will focus on equipping
selected individuals—particularly from TVET institutions, utilities, and local NGOs—with advanced pedagogical skills,
technical content knowledge, and contextualised training materials. Once trained, these “master trainers” will serve
as multipliers, cascading their expertise throughout their organisations and communities. This approach ensures that
knowledge is localised, scalable, and sustainable.

PRACTICAL PLACEMENTS

Bridging the gap between theory and practice is vital for preparing a competent DES workforce. The Hub will therefore foster
strategic partnerships with DES developers, off-grid utilities, government programmes, and civil society organisations to
provide learners with real-world, hands-on training opportunities. These placements—ranging from short-term internships
to structured apprenticeships—will allow students and early-career professionals to apply their skills in live project
environments, gaining experience in system design, installation, troubleshooting, customer engagement, and more.

CERTIFICATION AND RECOGNITION

To enhance the credibility and portability of skills, the Hub will offer pathways for learners to earn digital badges, certificates,
and qualifications recognised by industry, utilities, and employers across Africa and beyond. Where feasible, certifications
will align with international standards and be recognised by professional associations and accrediting bodies. This system
of formal recognition will not only boost employability but also encourage lifelong learning and career progression within
the energy sector.

Together, these capacity-building interventions position the G20-Africa Knowledge Hub as more than a repository —it
becomes a catalyst for workforce development, institutional strengthening, and systemic transformation across Africa’s
energy access landscape.

DES require a diverse, well-trained workforce capable of executing tasks across the full project lifecycle —from initial design
to ongoing operation and maintenance. Yet across Africa and much of the Global South, critical skills shortages persist at
each stage. These gaps limit the scalability, efficiency, and long-term sustainability of DES initiatives.

To unlock the full potential of decentralised energy, the G20-Africa Knowledge Hub will offer a structured, modular
learning ecosystem that targets the distinct competencies required across design, development, commissioning, and
post-installation phases. This approach ensures that learners are equipped not only with theoretical knowledge but also
with practical, industry-relevant skills that can be directly applied to real-world contexts.

DESIGN AND ENGINEERING
TECHNICAL CURRICULUM

The Hub will feature a curated library of courses, manuals, and multimedia content focused on the engineering foundations
of DES. Key topics will include:

e  System sizing and load analysis

e Solar resource assessment and site evaluation

e Component selection and integration (e.g., inverters, batteries, and controllers)

e Digital tools such as Photovoltaic software, HOMER, and AutoCAD for DES design

These resources will be developed in partnership with academic institutions, professional engineers, and global best-
practice bodies to ensure technical rigour and real-world applicability.
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INNOVATION LABS

To promote creativity and adaptive thinking, the Hub will support both virtual innovation platforms and physical labs where
learners can collaborate on design challenges, prototyping, and system simulations. These labs will foster cross-disciplinary
innovation, enabling learners to explore climate-smart, community-centred, and cost-effective energy solutions for Africa’s
unique energy access challenges.

DEVELOPMENT AND PROJECT MANAGEMENT
BUSINESS AND FINANCIAL SKILLS

Effective deployment of DES projects requires more than technical expertise —it demands solid grounding in entrepreneurship,
project structuring, and financing. The Hub will offer tailored training on:

e Business model development for mini-grids, SHS, and hybrid systems
e  Project lifecycle costing and financial planning
e Accessing and managing climate finance, grants, and blended capital

e  Stakeholder engagement and customer acquisition

These resources will equip professionals to mobilise funding, build sustainable business cases, and operate within diverse
market environments.

REGULATORY AND POLICY LITERACY

Understanding the legal and regulatory environment is critical to DES success. This module will focus on:

¢ Navigating permitting and licensing procedures
e Compliance with national and local energy regulations

e Engagement with energy ministries, regulators, and municipal authorities

Learners will benefit from country-specific case studies, policy summaries, and sample templates to guide successful
implementation.

COMMISSIONING, OPERATION, AND MAINTENANCE
INSTALLATION AND SAFETY

Hands-on instruction will be provided through step-by-step guides, animated tutorials, and virtual walkthroughs covering:

e  Safe installation practices for solar PV and battery systems
e Quality control procedures and commissioning checklists
e FElectrical safety standards and site-specific risk mitigation

This content will be developed in collaboration with certified installers and safety experts to ensure consistency and
compliance with international standards.

MAINTENANCE AND TROUBLESHOOTING

To ensure long-term reliability, the Hub will provide:

¢ Diagnostic tools and troubleshooting manuals for common system faults
e Interactive Q&A forums and live support with technical experts

e Training on predictive maintenance, spare parts management, and performance monitoring
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These resources will strengthen local capacity to sustain systems long after installation, enhancing community confidence
and investment return.

By systematically addressing these skill gaps, the G20-Africa Knowledge Hub will contribute to the creation of a future-
ready energy workforce—one capable of scaling decentralised energy solutions across Africa and the Global South with
quality, safety, and impact.

The G20-Africa Knowledge Hub is not merely a repository of information—it is a strategic enabler of Africa’s energy
transition. As a flagship initiative under South Africa’s G20 Presidency, the Hub’s skills development platform aims to bridge
the human capital gap that currently limits the widespread adoption and sustainability of DES. Through curated training
content, certification pathways, and collaboration frameworks, the platform will build an inclusive, future-ready workforce
that can drive growth, innovation, and resilience in clean energy markets across Africa and the Global South. The following
are the core areas of impact envisioned for the Hub:

EXPAND THE TALENT PIPELINE

The platform will significantly increase the number of qualified professionals entering the decentralised energy sector each
year. By offering flexible, modular learning options—from online courses and vocational training to practical placements —
the Hub will cater to diverse learning needs and backgrounds. This will enable:

e The annual training of thousands of technicians, engineers, project developers, and energy entrepreneurs
e  Capacity development in rural and underserved regions where skills shortages are most acute

e Broader national workforces capable of meeting growing industry demands

SUPPORT GENDER AND YOUTH INCLUSION

The Hub will embed a strong commitment to gender equity and youth empowerment across all its streams. Tailored
learning pathways, scholarships, mentorship programmes, and community engagement strategies will be used to:

e  Attract and retain women and youth in energy-related careers
e Remove socio-economic, cultural, and institutional barriers to participation

e Nurture leadership and entrepreneurial skills among underrepresented groups

This will help ensure a more inclusive energy transition that reflects Africa’s demographic realities and social aspirations.

FOSTER SOUTH-SOUTH COLLABORATION

Promoting peer learning and knowledge exchange across Africa and the Global South, the Hub will serve as a conduit for
shared innovation and contextual relevance. It will:

e  Showcase locally adapted DES models and training approaches
e Encourage regional cooperation on curriculum development, skills standards, and policy frameworks

e Build coalitions to support the collaborative implementation of training programmes and research initiatives

This fosters a sense of shared ownership and accelerates the development of regionally appropriate solutions
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ENHANCE QUALITY AND SUSTAINABILITY

Improved skills will translate directly into higher-quality installations and more reliable energy services. With access to
technical guidelines, troubleshooting resources, and certification tracks, the Hub will:

e Reduce system downtime and failure rates
e  Ensure consistent service delivery

e  Empower communities to manage and expand their energy assets autonomously

This builds investor confidence and enhances the long-term viability of DES infrastructure

ACCELERATE JUST ENERGY TRANSITION

Ultimately, the Knowledge Hub will support the broader goal of a just energy transition by empowering communities not
only as beneficiaries but also as active participants. By equipping people with skills across the DES value chain, it will:

e Increase local employment and entrepreneurship in green sectors
e Build resilience in vulnerable communities by reducing energy poverty

e  Strengthen social cohesion by ensuring that the benefits of clean energy are equitably shared

This makes the energy transition not just clean, but inclusive, sustainable, and truly transformative

To ensure the G20-Africa Knowledge Hub leaves a lasting legacy and continues to drive meaningful impact beyond South
Africa’s G20 Presidency, it is critical to embed mechanisms that support sustainability, institutional ownership, and regional
expansion. The Hub’s vision must evolve from a South Africa-hosted platform into a pan-African and Global South resource
for long-term skills development, innovation, and collaboration in DES. The way forward will focus on four strategic priorities:

INSTITUTIONALISE PARTNERSHIPS

To ensure long-term sustainability, the Hub will embed formal partnerships with African universities, TVET institutions,
research centres, and industry associations. These partnerships will:

e Anchor the Hub in existing African education and training ecosystems
e Facilitate co-development and accreditation of training programmes

e Enable decentralised management and localised adaptation of content

CONTINUOUSLY UPDATE CONTENT

As technology, markets, and regulations evolve, so too must the Hub’s knowledge base. A continuous content refresh
strategy will:

e Ensure training modules, case studies, and policy briefs remain current and aligned with real-world developments
e Engage industry experts, practitioners, and academic contributors through periodic content review cycles

e Introduce new topics in response to emerging challenges, such as digital tools for DES, carbon markets, or climate
resilience
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MONITOR AND EVALUATE OUTCOMES

A robust M&E framework will track the Hub’s performance across key indicators, including:

e Number of learners trained and certified across various regions
e Employment outcomes and entrepreneurial activity post-training
e Improvements in the quality and sustainability of DES projects in which trained individuals participate

e  Stakeholder feedback on content relevance, accessibility, and usability

These insights will inform iterative improvements, demonstrate value to funders, and ensure accountability

SCALE REGIONALLY AND GLOBALLY

The Knowledge Hub is envisioned as a scalable model for regional and global replication. Post-2025, it will:

e  Foster South-South collaboration by enabling peer learning among emerging economies
e  Support the creation of sister hubs in Latin America, Southeast Asia, and other parts of Africa

e Contribute to the establishment of a global network of decentralised energy knowledge platforms, aligned with SDG
7 and the Paris Agreement

Access to high-quality, inclusive skills development is the linchpin for scaling DES and accelerating the energy transition
across Africa and the Global South. Without a skilled workforce, DES initiatives risk underperformance, poor maintenance,
and limited reach.

The G20-Africa Knowledge Hub is positioned to bridge this critical gap by democratising access to training, resources, and
collaboration opportunities. Its inclusive, digitally enabled platform will empower a new generation of energy technicians,
engineers, entrepreneurs, and policymakers ready to lead and sustain Africa’s clean energy future.

Investing in people—especially women, youth, and communities historically excluded from the energy value chain—the
Hub will contribute not only to universal energy access but also to inclusive economic development, social resilience, and
environmental sustainability. The success of this initiative will demonstrate the power of multilateral cooperation, digital
innovation, and strategic investment in human capital to unlock Africa’s full energy potential and deliver a just, equitable
transition for all.
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5. ACCESS TO NETWORKS

ccess to strong, vibrant networks is a critical enabler for the growth and sustainability of DES in Africa and the Global

South. Networks—spanning industry associations, peer learning platforms, and collaborative events—facilitate the

exchange of knowledge, foster innovation, and connect stakeholders across the entire DES value chain. The G20-
Africa Knowledge Hub is designed to be the continent’s preeminent virtual networking space, leveraging both
South-South and G20 cooperation to strengthen local and regional DES ecosystems. This chapter explores the
rationale, structure, and transformative potential of networked collaboration for DES, and details how the Knowledge Hub
will serve as a catalyst for connection, learning, and market growth.

Africa’s energy landscape is undergoing rapid transformation, with decentralised solutions emerging as a key strategy for
closing the continent’s vast electricity access gap. However, the sector remains fragmented, with limited cross-border
collaboration and few platforms for regular engagement among practitioners, policymakers, investors, and civil society.

South Africa’s G20 presidency has placed African connectivity and regional power pools at the top of the energy agenda,
recognising that collaboration—both within Africa and with global partners—is essential to accelerate electrification,
share best practices, and mobilise investment at scale. The Mission 300 African Energy Summit and ongoing G20 ETWG
dialogues have underscored the need for robust networks to support knowledge exchange, policy harmonisation, and
project development.

Historically, centralised utilities and decentralised energy companies operated in cautious coexistence, often disconnected
from each other and from government agendas. Today, as the number of off-grid and weak-grid households continues
to grow, there is a renewed imperative for all energy actors to collaborate, share lessons, and co-create solutions that
advance Africa’s energy future.

In the rapidly evolving landscape of decentralised energy, no single actor can succeed in isolation. Networks—ranging
from informal peer groups to formal industry associations and multilateral platforms—play a pivotal role in accelerating
learning, unlocking market access, advocating for supportive policy environments, and enabling technology transfer. For
Africa and the broader Global South, where DES solutions are increasingly critical to achieving universal energy access,
well-structured and inclusive networks can amplify impact, build trust, and drive collective progress. This section unpacks
the strategic value of networks in building resilient, collaborative ecosystems that enable the sustainable scale-up of DES
solutions.

KNOWLEDGE EXCHANGE AND PEER LEARNING

Networks provide vital platforms for exchanging technical knowledge, policy insights, and tested business models across
borders. Peer learning enables practitioners, regulators, and entrepreneurs to:

e Understand what works in similar socio-economic contexts
e Navigate complex regulatory landscapes by learning from jurisdictions that have implemented enabling policies

e Avoid common pitfalls through access to real-world case studies and lived experiences

For instance, African regional platforms such as the Africa Minigrid Developers Association (AMDA) and the ECOWAS Centre
for Renewable Energy and Energy Efficiency have facilitated widespread knowledge dissemination and the harmonisation
of standards.
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MARKET ACCESS AND BUSINESS DEVELOPMENT

Industry networks and associations are critical enablers of commercial growth. They:

e Connect DES providers with customers, investors, financiers, and project collaborators
e Facilitate consortium formation for large-scale bids and funding opportunities

e Organise trade shows, expos, and matchmaking events that expose businesses to new markets and foster cross-
border partnerships

Such platforms increase visibility for SMEs and help them scale from local to regional operations, a key step in improving
economies of scale and service delivery.

POLICY AND REGULATORY ADVOCACY

Through collective engagement, networks amplify the voice of the DES sector, enabling more coherent and impactful
advocacy. Effective networks:

e Influence policy design and implementation by providing evidence-based input and consolidated feedback
e Push for streamlined licensing, fair tariffs, and quality assurance frameworks

e Facilitate dialogue between public institutions, private sector players, and civil society

The AfSEM, for example, demonstrates the power of regional coordination in shaping pro-DES regulatory environments
that promote investment and innovation.

INNOVATION AND TECHNOLOGY TRANSFER

Cross-sector and cross-border networks are key to driving innovation and accelerating technology diffusion. By linking
African DES stakeholders with global actors through G20 platforms, South-South cooperation, and bilateral exchanges,
networks:

e Enable access to emerging technologies and digital tools (e.g., smart metering, and loT-enabled systems)

e Support joint ventures that adapt global solutions to local contexts

e Facilitate knowledge spillovers that shorten innovation cycles and lower the cost of implementation

This collaborative dynamic positions networks as engines of technological leapfrogging—where countries bypass outdated
systems and adopt cutting-edge solutions tailored for inclusive and sustainable energy access.

VISION AND FUNCTIONALITY OF THE G20-AFRICA KNOWLEDGE HUB IN THE CONTEXT OF ACCESS TO NETWORKS

The G20-Africa Knowledge Hub will serve as a dynamic, interactive platform for networking, collaboration, and peer
learning among DES stakeholders in Africa and the Global South. Its core features include an industry events calendar, an
industry association index, virtual networking events, collaboration forums, and a project marketplace.

INDUSTRY EVENTS CALENDAR

A regularly updated listing of conferences, workshops, webinars, and trade fairs relevant to DES, both within Africa and
globally. This calendar will help practitioners stay informed about opportunities for engagement, learning, and business
development.
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INDUSTRY ASSOCIATIONS INDEX

A comprehensive directory of regional and international DES associations, alliances, and professional bodies. The index will
facilitate membership, partnership building, and access to sector-specific resources and advocacy platforms.

VIRTUAL NETWORKING EVENTS

Regularly scheduled online events—such as roundtables, panel discussions, and project showcases—designed to foster
dialogue, share project experiences, and analyse trends in decentralised energy.

COLLABORATION FORUMS

The hub will host thematic forums and working groups focused on topics such as financing, technology, policy, and skills
development. These forums will enable ongoing peer-to-peer exchange and joint problem-solving.

PROJECT MARKETPLACE

A digital space where DES providers, investors, and off-takers can post project opportunities, requests for proposals, and
partnership calls, thereby accelerating deal flow and market access.

The G20-Africa Knowledge Hub will serve as a strategic platform for advancing South-South cooperation and facilitating
structured engagement with G20 member states. Recognising that many countries in the Global South—across Africa,
Asia, and Latin America—face similar challenges in achieving universal energy access, the hub will promote horizontal
learning by highlighting successful DES models, policy innovations, and financing solutions from peer regions. These
include scalable mini-grid projects in East Africa, solar village models from South Asia, and community-driven energy
cooperatives in Latin America.

Through this exchange, African stakeholders can adapt proven approaches to their contexts, avoiding costly experimentation
and accelerating implementation. The hub will feature curated case studies, policy briefs, and toolkits that reflect diverse
experiences, enabling policymakers, entrepreneurs, and utilities to draw practical lessons from comparable markets.

Simultaneously, G20 cooperation will enrich the Knowledge Hub by bringing in:

e  Global best practices in technology deployment, energy market structuring, and public-private partnerships.
e TA and advisory support from agencies and institutions with long-standing expertise in DES implementation.

¢ Insights into investment frameworks, blended finance strategies, and risk mitigation tools that can catalyse private
sector participation in underserved regions.

The hub will also facilitate cross-regional dialogues, joint webinars, and collaborative research initiatives, strengthening
diplomatic and development ties between Africa and its G20 counterparts. By fostering this dual dynamic of South-South
solidarity and G20 partnership, the Knowledge Hub aims to position Africa not only as a beneficiary of global energy
transition efforts but also as a co-leader in shaping inclusive, decentralised, and sustainable energy futures.
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The G20-Africa Knowledge Hub is envisioned not merely as an information repository but as an engine for systemic
transformation across Africa’s decentralised energy landscape. By fostering meaningful connections among governments,
the private sector, civil society, and academic institutions, the hub will strengthen the broader ecosystem required for
sustainable DES growth. This integrated approach aims to dismantle barriers, streamline collaboration, and build the
collective capacity needed to scale decentralised energy. Through strategic alignment of actors, ideas, and investments,
the hub will catalyse an enabling environment for inclusive energy transition.

ENHANCED COLLABORATION

The hub will connect practitioners, policymakers, financiers, and researchers across geographies, breaking down
institutional and national silos. This will encourage cross-border partnerships, joint ventures, and multi-stakeholder initiatives
that harness complementary strengths and foster collective problem-solving.

ACCELERATED INNOVATION

Exposure to a wide array of technologies, business models, and implementation strategies—drawn from across Africa, the
Global South, and G20 countries—will stimulate innovation. Local DES actors will be better equipped to adapt and deploy
solutions that respond to their specific market conditions and user needs.

IMPROVED POLICY ALIGNMENT

Continuous dialogue through regional knowledge exchanges and policy roundtables will foster regulatory convergence and
harmonisation. This will support the creation of coherent and enabling frameworks for DES deployment, making it easier
for investors and developers to operate across multiple jurisdictions.

GREATER MARKET TRANSPARENCY

The hub’s project marketplace, open data resources, and events calendar will improve visibility of ongoing and upcoming
opportunities. By reducing information asymmetry, the platform will enable enterprises to make informed decisions, build
stronger pipelines, and access emerging markets more efficiently.

CAPACITY BUILDING

Peer learning, mentorship, and collaborative forums will support the ongoing professional development of DES practitioners,
including engineers, project developers, financiers, and regulators. The resulting enhancement of sectoral skills and
leadership will contribute to a more resilient and responsive energy workforce across the continent.
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SOUTHERN AFRICAN POWER POOL

SAPP demonstrates the power of regional collaboration, enabling member countries to share electricity, balance supply
and demand, and improve system reliability. The pool’s governance structure and operational protocols offer a model for
other regions seeking to integrate DES and centralised systems.

AFRICA MINI-GRID DEVELOPERS ASSOCIATION

AMDA provides a unified voice for mini-grid developers, facilitating knowledge exchange, advocacy, and market
development across the continent. Its regular forums and publications have helped standardise best practices and attract
investment to the sector.

MISSION 300 AFRICAN ENERGY SUMMIT

This annual event brings together policymakers, industry leaders, and civil society to discuss strategies for accelerating
electrification. The summit’s focus on cross-border collaboration and project showcase has catalysed new partnerships
and investment flows.

The success of the G20-Africa Knowledge Hub will depend not only on its content but on its ability to remain a vibrant,
evolving space for cross-sectoral and cross-regional engagement. As the DES sector grows and diversifies, so must the
hub’s networking functionality—adapting to shifting needs, expanding its reach, and anchoring itself within long-term
institutional frameworks. The following strategic actions are recommended to ensure the sustainability, inclusivity, and
scalability of the hub’s networking impact:

CONTINUOUS CONTENT EXPANSION

Maintain and regularly update key features such as the events calendar, industry association index, and project marketplace
to ensure users have real-time access to relevant opportunities and trends shaping the DES landscape.

STAKEHOLDER ENGAGEMENT

Proactively engage a broad spectrum of stakeholders—particularly women, youth, persons with disabilities, and actors
from underrepresented regions —to promote diversity, inclusivity, and grassroots ownership of the platform.

MONITORING AND EVALUATION

Establish clear indicators to track user participation, network density, and collaborative outcomes. Use data-driven insights
to refine features, improve user experience, and demonstrate value to funders and institutional partners.

REGIONAL REPLICATION

Promote the hub’s framework as a replicable model for other parts of the Global South, enabling the development of a
globally interconnected community of practice in decentralised energy systems.

INSTITUTIONALISATION

Anchor the hub within both African and G20 institutional architectures—through partnerships, co-funding mechanisms,
and policy alignment—to ensure its continuity and relevance beyond South Africa’s G20 presidency.
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Access to strong and inclusive networks forms a cornerstone for expanding and sustaining DES throughout Africa and
the Global South. These networks foster essential connections among people, ideas, resources, and opportunities—
laying the groundwork for collaboration, innovation, and long-term growth. In many areas, however, such networks remain
fragmented or out of reach.

The G20-Africa Knowledge Hub serves as a vibrant, virtual space where stakeholders from government, industry, academia,
civil society, and international institutions can engage meaningfully. This platform enables dialogue, builds partnerships, and
strengthens cooperation within the DES ecosystem.

Through carefully curated content and strategic engagement, the hub nurtures regional alignment, enhances visibility of
market opportunities, and supports the replication of successful initiatives. The collective insights of the Global South
and the technical strengths of G20 member states converge on this platform, encouraging peer learning, cross-border
innovation, and joint solutions to shared challenges.

This collaborative energy space ensures that DES actors work together toward common goals —unlocking universal energy
access, supporting sustainable development, and establishing a legacy of impact that extends well beyond the current
G20 cycle.
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6. ACCESS TO FINANCE

apping and sharing information on DES-relevant financial instruments and investors, linking to the Strategic
Funding Blueprint for accelerated decentralised energy deployment in Section A.

This chapter addresses critical barriers to financing DES in Africa, offering evidence-based solutions informed by
recent initiatives and research. The key challenges and proposed action strategies to unlock capital flows are discussed
in this chapter.

The G20-Africa Knowledge Hub’s Access to Finance pillar is envisioned as a virtual, collaborative platform dedicated
to enabling financial solutions that accelerate the deployment of DES across Africa. The Hub will serve as a dynamic
knowledge ecosystem that maps, shares, and promotes financing instruments that support DES, including blended
finance models, concessional loans, local currency facilities, credit enhancement tools, sovereign guarantees, and green
bonds (AfDB, 2022) (SEforALL, 2023). Its design will directly address the financing barriers identified in this chapter, such
as high upfront costs, limited local currency options, and perceived investment risk. The platform will ensure that small and
medium-sized enterprises, women-led initiatives, and community organisations can access tailored financial guidance to
overcome historic barriers to DES funding.

Several challenges have been identified and are discussed below.

¢ High Upfront Capital Costs: DES projects such as mini-grids and solar home systems often require substantial
upfront investment in generation, storage, and distribution infrastructure. These costs, coupled with extended payback
periods and low rural incomes, strain project viability. Local capital markets frequently cannot meet these funding
needs, necessitating external concessional financing. While blended finance models have begun to ease this barrier,
the sector remains dependent on catalytic, de-risking investments to attract private capital.

e Limited Availability of Local-Currency Financing: Most DES customers pay for energy in local currency, but
project developers often rely on hard-currency loans due to underdeveloped domestic financial markets. Currency
depreciation and a lack of hedging options expose projects to financial stress, eroding returns and deterring investment.
Recent efforts—such as local-currency guarantees and hedging products —have improved the landscape, but further
expansion of such mechanisms and deeper capital market development are needed for sustainability.

e Lack of Tailored Financial Products: Traditional loans in African markets are poorly matched to the DES sector’s
needs, with short repayment periods, high interest rates, and rigid collateral requirements. These mismatches restrict
access to suitable, affordable credit. New models, such as pay-as-you-go solar financing and blended funds tailored
to DES realities, are gaining traction but require much broader adoption among local financial institutions and impact-
focused investors.

e Perceived High Risk by Investors: Investors frequently view DES in Africa as high risk, given low-income customer
bases, irregular payments, policy uncertainty, and small transaction sizes. This results in elevated capital costs, with
WACC for African DES projects far higher than in global peers. Recent progress includes blended finance mechanisms
and credit guarantees that lower risk for commercial lenders, but changing investor perceptions remains a work in
progress.

¢ Inadequate Credit Enhancement Mechanisms: The scarcity of credit guarantees and risk insurance products
heightens lender caution, causing many local banks to demand excessive collateral or offer loans only at unsustainably
high interest rates. New instruments—such as partial risk guarantees and green guarantee facilities—are helping to
unlock credit, but these need to be scaled up and mainstreamed to truly de-risk the sector.
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e Weak Enabling Policy and Regulatory Frameworks: Unclear, inconsistent, or burdensome regulatory policies—
such as licensing, tariff-setting, and grid interconnection—deter private investment and increase project costs.
Although some countries have enacted regulatory reforms to support DES, the lack of widespread, harmonised, and
predictable frameworks continues to limit investment and slow the rapid deployment of projects.

e Low Bankability of Projects: Many DES projects fail to meet investor criteria due to insufficient preparation,
weak financial models, unclear risk allocation, and a lack of standard documentation or bankable power purchase
agreements. Without robust technical foundations and predictable cash flows, these projects struggle to secure
commercial finance and often rely on grants or high-cost debt instead.

e Limited Awareness and Capacity Among Financial Institutions: Local banks and microfinance providers often
lack technical knowledge of DES technologies and business models, leading to a preference for familiar sectors and
risk-averse lending. This gap is slowly improving through capacity-building initiatives, but much of the continent’s
financial sector remains hesitant or ill- equipped to serve DES developers and end-users.

e Fragmented and Small-Scale Demand: DES markets are highly fragmented, with many small-scale projects
serving dispersed customers. This increases due diligence and monitoring costs for investors and limits the appeal
for large-scale, institutional funding. Aggregation platforms and portfolio approaches offer a way forward but require
collective action and robust supporting infrastructure.

e Dependency on Donor Funding and Grants: Many DES initiatives have historically relied on grant funding, which—
while critical for seeding markets—risks creating dependency, distorting incentives, and inhibiting private sector entry.
The sector is gradually shifting towards catalytic capital approaches that blend grants with commercial funding to
improve sustainability, but continued innovation and partnership are needed.

The G20-Africa Knowledge Hub envisions a dynamic, inclusive, and universally accessible digital platform that serves as
a strategic enabler for unlocking sustainable financing for DES across Africa and the Global South. In the context of Access
to Finance, the Hub will act as a virtual catalyst to close financing gaps, reduce risks, and accelerate investments in DES
through knowledge sharing, innovation, and partnership facilitation.

The functionality of the Hub, focused on financing, includes:

e Indexed database of financial instruments: The Hub will provide an indexed, continually updated repository of
DES-aligned financial instruments, offering insights into eligibility criteria, structuring requirements, and application
processes to help stakeholders navigate the complex financing landscape.

e Toolkits and guidance resources: The platform will feature toolkits and templates supporting deal structuring,
risk allocation, and the design of bankable revenue agreements, such as power purchase agreements (PPAs) and
concessions. These resources will help DES developers and financiers apply best practices to project design and
financing.

e Showecasing of case studies: The Hub will curate examples of successful DES financing approaches, including
initiatives aligned with Mission 300 and programmes such as the AfDB’s Local Electrification Assistance Facility and
the African Guarantee Fund’s blended finance schemes, to inspire replication and scaling across the continent.

* Proposed interactive tools: As the platform evolves, it will incorporate interactive features to model financing
scenarios, assess risk-sharing arrangements, and explore how blended finance structures can improve project viability
and attract diverse capital sources.

e Matchmaking and partnerships: The Hub will connect DES developers, financiers, governments, and communities,
enabling co-creation of scalable, inclusive financing solutions tailored to local contexts.

e Capacity building: The platform will offer learning modules on financial modelling, climate finance, and blended
finance design to strengthen financial literacy and project readiness across the DES value chain.
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The G20-Africa Knowledge Hub is uniquely positioned to respond to these challenges by:

e Aggregating global and regional financing models, case studies, credit enhancement tools, and policy solutions.

e  Providing a peer-to-peer platform for domestic markets to share lessons, adapt best practices, and access technical
know-how.

e Enabling real-time access to up-to-date financial instruments, investor databases, and application guidance relevant
to different African and Global South contexts.

e  Serving as a catalyst for ongoing South-South and G20 collaboration to strengthen DES finance ecosystems.

ROLE OF G20 MEMBERS

e Curate and share international best practices in DES financing—including blended finance, guarantees, green
bonds, and results-based payment models.

¢ Provide TA and capacity-building to African lenders and market actors, either directly or through partnerships.

e Offer financial support for the Knowledge Hub’s infrastructure, continuous content updates, and multilingual
accessibility.

ROLE OF AFRICA

e Document and share successful local financing models, such as mobile-enabled, PAYG, community mini-grid
aggregation, and local currency credit enhancement.

e Engage national development banks and financial institutions to build local capacity and to pilot innovations.

¢ Mobilise African research and policy institutions to contribute data, market intelligence, and regulatory insights
to the Knowledge Hub.

ROLE OF THE GLOBAL SOUTH

e Contribute South-South experiences from Asia, Latin America, and other emerging regions, expanding the
innovation pool for DES financing.

e Participate in peer learning platforms hosted by the Knowledge Hub, showcasing region-appropriate risk
mitigation, project aggregation, and climate-aligned finance solutions.

¢ Facilitate cross-border partnerships for resource mobilisatio, technical exchange, and project aggregation.

ESTABLISH MULTILATERAL COMMITMENTS

Secure a G20 declaration supporting the Knowledge Hub as a shared resource for DES finance, mandating annual content
contributions and technical collaboration.

CONTENT DEVELOPMENT AND RESOURCE INDEXING

e Document and index financing instruments (e.g., blended finance, guarantees, climate funds, and micro-loans)
and create step-by-step country guides.

e Publish country- and region-specific case studies on successful approaches to mobilising local and international
finance.

¢ Index and maintain live databases of grant calls, concessional finance opportunities, and PPPs templates.
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STAKEHOLDER ENGAGEMENT AND PEER LEARNING
e  Organise webinars, live forums, and knowledge sprints between African, G20, and South-South partners.
¢ Facilitate communities of practice in financing, risk mitigation, and regulatory reform within the Hub.

e Launch an annual G20-Africa DES financing innovation challenge, highlighting replicable models.

MONITORING, FEEDBACK, AND ADAPTIVE LEARNING
e Track engagement metrics, case study replication, and user uptake of financing models.
e Establish feedback loops to improve the Hub’s responsiveness and impact.

e Adjust Hub content and focus areas annually based on user needs and evolving financial landscapes.

ILLUSTRATIVE COLLABORATION PATHWAYS

Table 7 shows examples of collaborative pathways.
Table 7: lllustrative collaboration pathways
Contributor Resource Key Stakeholders Involved

Index of risk guarantee funds from Europe/US; performance metrics

G20 Countries Best practice policy from Asian energy banks

Library of mobile-money DES finance models; mini-grid aggregation

Africa Local innovation .
case studies

Global South Peer solutions Aggregated portfolio flnan.cmg models from Southeast Asia; blended
finance models from Brazil

Al Training & capacity Joint workshops, e-learning modules, toolkits for local FI capacity

building

The impact of the Knowledge Hub is expected to:

e Reduce financing gaps by improving visibility of funding sources and enhancing investor confidence through
standardised information and tools.

e Accelerate DES deployment by supporting faster capital mobilisation and reducing perceived risks through de-risking
resources and case studies.

e  Promote inclusive financing models that enable women, youth, and underserved communities to access DES solutions
via mechanisms such as micro-leasing, pay-as-you-go models, and community finance schemes.

e Strengthen the pipeline of investable projects through standardised due diligence resources, financial toolkits, and
market intelligence that lower transaction costs and improve bankability.

e  Foster G20 and South-South collaboration by sharing proven financing innovations and tools, enabling stakeholders
to adopt and adapt successful models from comparable contexts.

e Accelerated adoption of investable, context-appropriate financing mechanisms that enable scale-up of DES projects.
e De-risked investment climate, increasing private sector participation and lowering energy access costs.

e  Strengthened capacity among African and Global South lenders to underwrite DES finance, leveraging the Hub’s living
resource pool.

e Enhanced policy harmonisation and regulatory predictability through cross- country learning.

e Direct progress toward SDG 7 (Affordable and Clean Energy) and just, inclusive energy transitions.
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Empowering Africa and the Global South to overcome DES financing barriers is possible—if G20, African, and Southern
partners collaborate through the G20-Africa Knowledge Hub. By pooling resources, sharing actionable knowledge,
and engaging in continuous peer learning, the Hub will become an indispensable catalyst, drive innovative finance and
accelerate progress toward universal energy access.

All relevant public and private partners are invited to:

e Commit to regular content and resource sharing via the Knowledge Hub.
e Support the Hub’s technical and financial sustainability.

e Participate in peer learning, policy dialogue, and the joint development of market-adaptive financing solutions for DES.
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7. ACCESS TO TECHNOLOGY ACROSS THE

GLOBE

The acceleration of Africa’s energy transition is contingent not only on capital flows and market access but, fundamentally,
on the democratisation of technology. While the declining cost of core renewable hardware has been a significant enabler,
a persistent and critical “technology access gap” remains. This gap extends beyond physical components to encompass
the software, data analytics, and operational systems required to design, deploy, and sustainably manage DES. For many
African project developers, entrepreneurs, and public sector planners, the prohibitive cost of proprietary design software,
the scarcity of high-resolution resource data, and a reliance on complex global supply chains present formidable barriers
to scale (IEA, 2022a).

This challenge undermines project bankability, slows implementation timelines, and limits the potential for local value
creation and industrialisation. Without access to state- of-the-art tools for system optimisation, remote monitoring, and
market analysis, the full potential of DES to deliver reliable, affordable, and clean energy remains constrained. The IRENA
highlights that overcoming non-cost barriers, including technical and technological capacity, is now a primary determinant
of the pace of the energy transition in the Global South (IRENA, 2023).

The G20-Africa Knowledge Hub is conceived as a strategic intervention to address this technology deficit directly. It will
serve as a digital common, providing open and equitable access to the critical tools, datasets, and innovation blueprints
that can empower African stakeholders. The Hub’s mandate is to shift the paradigm from passive technology importation
to active local adaptation, innovation, and ultimately, technological sovereignty. This chapter outlines the functional pillars
through which the Hub will facilitate this transformation, fostering a robust ecosystem for technology transfer, local
manufacturing, and sustainable DES.

Despite the transformative potential of decentralised energy technologies, their widespread adoption and sustainable
scaling in Africa and the Global South are often impeded by a complex array of barriers. These challenges span financial,
regulatory, technical, and human capital dimensions, collectively contributing to slower technology transfer and limited local
innovation.

HIGH INITIAL COSTS AND AFFORDABILITY

While the global costs of renewable energy technologies, particularly solar PV, have declined significantly, the initial capital
outlay for DES installations can still be prohibitively high for many households, small businesses, and even governments
in emerging economies. For instance, sophisticated mini-grid systems or C&l rooftop solar with battery storage require
substantial upfront investment (IEA, 2022). Even for smaller small-scale SHS, the lumpsum purchase price remains out
of reach for a large segment of the population. This financial barrier is compounded by limited access to affordable
financing options. Without tailored financial products and effective de-risking mechanisms, the perceived high cost of these
technologies limits demand and restricts market growth.

INTELLECTUAL PROPERTY BARRIERS AND TECHNOLOGY TRANSFER

A significant hurdle to technology access is the restrictive nature of intellectual property rights. Patented technologies,
often developed in high-income countries, can be expensive to license or produce locally, hindering local manufacturing
and innovation. This creates a dependency on imports, driving up costs and limiting the development of indigenous
technological capabilities. Effective technology transfer mechanisms, which go beyond mere product sales to include the
sharing of designs, manufacturing processes, and technical expertise, are often lacking. Without such comprehensive
transfer, local companies struggle to adapt, repair, or innovate upon imported technologies, perpetuating a cycle of
technological dependence (UNCTAD, 2020).
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LACK OF LOCAL MANUFACTURING AND VALUE CHAINS

The limited capacity for local manufacturing of DES components (e.g., solar panels, inverters, and batteries) is a major
barrier. High import duties, inadequate production infrastructure, and a shortage of skilled labour for industrial processes
mean that most DES hardware is imported. This not only increases costs from shipping and tariffs but also makes supply
chains vulnerable to global disruptions. Furthermore, it stifles the creation of local manufacturing jobs and limits the
development of a robust domestic DES industry (IRENA, 2022). Building local value chains, from raw material processing
to assembly and recycling, is crucial for enhancing technology access and ensuring that economic benefits remain within
the region.

INADEQUATE TECHNICAL SKILLS AND CAPACITY

Even when technologies are physically accessible, their effective deployment and long-term sustainability are undermined
by a shortage of local technical skills. These include skills in system design, installation, operation, maintenance, and
troubleshooting. Outdated curricula in vocational training institutions, a lack of practical training facilities, and limited
opportunities for continuous professional development mean that a competent workforce is often unavailable, particularly
in rural areas. This skills gap can lead to poor-quality installations, frequent system breakdowns, and a reduced lifespan of
DES assets, eroding consumer trust and investor confidence.

LACK OF STANDARDISATION AND QUALITY CONTROL

The proliferation of diverse DES technologies from multiple manufacturers can lead to interoperability issues and a lack of
consistent quality standards. In some markets, a surge in low-quality or counterfeit products can undermine consumer
confidence and damage the reputation of the entire sector. Without clear national or regional standards for technology
performance, safety, and durability, consumers and project developers face increased risks. Robust quality control
mechanisms, including certification processes and testing facilities, are essential to ensure that deployed technologies
deliver on their promises and provide reliable, long-term energy access (World Bank, 2020).

Overcoming the multifaceted barriers to technology access requires a comprehensive and strategic approach, drawing
lessons from successful global initiatives. These strategies focus on creating enabling environments, fostering local
capabilities, and leveraging collaborative platforms to ensure that decentralised energy technologies can be effectively
deployed and sustained across Africa and the Global South.

PROMOTING OPEN-SOURCE TECHNOLOGIES AND KNOWLEDGE SHARING

One of the most effective strategies for accelerating access to technology is promoting open-source hardware designs,
software, and data related to DES. Open-source models reduce licensing costs, enable local adaptation, and foster
collaborative innovation. For instance, initiatives such as the Global Leap Awards provide open access to testing
methodologies and performance data for off-grid appliances, enabling manufacturers to improve products and consumers
to make informed choices (CLASP, n.d.). Similarly, open-source software for mini-grid management or solar PV system
design allows local engineers to customise solutions without proprietary restrictions. Sharing technical specifications,
installation manuals, and repair guides through open platforms facilitates knowledge transfer and empowers local
technicians and entrepreneurs to build, maintain, and innovate.
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INVESTING IN RESEARCH, DEVELOPMENT, AND ADAPTATION

While technology transfer is important, fostering local Research, Development, and Adaptation (RD&A) capabilities is essential
for long-term technological self-sufficiency and innovation. This involves funding local universities, research institutions, and
innovation hubs to develop DES solutions tailored to specific local conditions, such as extreme climates, unique resource
availability, or particular socio-economic needs. RD&A can focus on areas like improved battery technologies suited for high
temperatures, advanced metering infrastructure for low-income consumers, or innovative materials for robust mini-grid
components. Collaborative RD&A programmes between G20 countries and African institutions can facilitate knowledge
exchange and joint innovation, ensuring solutions are contextually relevant and globally competitive.

STRENGTHENING QUALITY CONTROL AND CERTIFICATION

Ensuring the quality and reliability of DES technologies is paramount for building consumer trust and attracting sustainable
investment. This requires establishing robust national and regional quality control frameworks, including standardised
testing procedures, certification bodies, and labelling schemes. For example, the Lighting Global Quality Standards for
off-grid lighting products have significantly improved product quality and consumer protection in emerging markets (World
Bank, 2020). Governments and industry associations can collaborate to develop and enforce these standards, supported
by independent testing labs and consumer awareness campaigns to combat the proliferation of sub-standard products.

LEVERAGING DIGITAL PLATFORMS FOR KNOWLEDGE DISSEMINATION

Digital platforms play a crucial role in democratising access to technological knowledge. Online databases, e-learning
modules, virtual libraries of technical manuals, and interactive forums can disseminate information to a broad audience,
including remote communities. These platforms can host:

e Technical specifications and performance data: Allowing developers and consumers to compare products
effectively.

e Best practice guides and case studies: Demonstrating successful technology deployments and innovative
solutions.

e  Webinars and virtual masterclasses: Connecting local practitioners with global experts.

e Open-source software and tools: Providing accessible resources for design, monitoring, and analysis of DES.

Examples such as the IRENA Open Source Toolkit for Renewable Energy Applications provide a model for how such
resources can be curated and shared globally (IRENA, 2023).

COLLABORATIVE INNOVATION HUBS AND ACCELERATORS

Establishing physical and virtual innovation hubs and business accelerators focused on DES can provide critical support
for technology entrepreneurs. These hubs offer mentorship, TA, access to prototyping facilities, and connections to
funding and markets. They foster an ecosystem in which local innovators can develop, test, and scale new technologies
and business models. Programmes such as Energise Africa (UK Aid, 2023) and incubators across Africa support local
start-ups in developing innovative energy access solutions, demonstrating the power of tailored support for technological
entrepreneurship.

By strategically implementing these best practices, African nations, supported by G20 collaboration, can significantly
enhance access to and effective utilisation of decentralised energy technologies, thereby accelerating the continent’s
energy transition and achieving universal energy access goals.
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The G20-Africa Knowledge Hub is strategically positioned to serve as a pivotal enabler of technology access across the
DES value chain in Africa and the Global South. By acting as a central repository, a dynamic sharing platform, and a catalyst
for innovation, the Hub will bridge critical information gaps, foster technological adaptation, and accelerate the widespread
deployment of sustainable energy solutions. Its design and functionality are meticulously crafted to address identified
barriers to technology access and ampilify global best practices.

RESOURCES AND CONTENT

The Hub will leverage a variety of content formats to ensure comprehensive and accessible technology resources:

¢ Technical Specifications and Performance Benchmarks: Detailed technical sheets for components (e.g., PV
panels, inverters, batteries), including efficiency ratings, durability, and cost-effectiveness under African conditions.
This helps in informed decision-making and procurement.

e Manufacturing Blueprints and Localisation Guides: \Where available, open-source designs and guidelines for
local assembly or manufacturing of DES components. This supports the development of domestic industrial capacity
and job creation.

e Digital Tools and Software Demos: Interactive demonstrations and downloadable versions of relevant open-source
software for DES design (e.g., for system sizing, energy yield analysis), financial modelling, and remote monitoring.
Tutorials will guide users through their application.

¢ Innovation Challenge Showcases: A platform to feature innovative solutions developed by African entrepreneurs
and researchers, promoting peer learning and attracting potential investors or partners. This includes technologies for
productive use, cold chain solutions, and tailored energy management systems.

e Research Papers and Patent Overviews: Access to relevant academic research, white papers, and non-proprietary
patent information to keep stakeholders abreast of technological advancements and potential areas for local R&D.

e Webinars and Masterclasses on Emerging Technologies: Regularly scheduled online sessions focusing on new
and disruptive DES technologies, such as advanced battery chemistries, hydrogen-powered mini-grids, or novel off-
grid cooling solutions, led by global experts.

UTILITY AND IMPACT OF THE KNOWLEDGE HUB IN THE CONTEXT OF ACCESS TO TECHNOLOGY

The Hub’s technology-focused offerings will yield significant utility and impact for various stakeholders:

¢ For DES Developers and Entrepreneurs: Reduced R&D costs, access to proven designs, insights into emerging
technologies, and connections to local manufacturing partners, enabling faster and more efficient project deployment.

e For Policymakers and Regulators: Evidence-based insights into technology trends, quality standards, and
successful policy incentives for local innovation and manufacturing, facilitating the creation of supportive regulatory
frameworks.

e For Investors and Financiers: Enhanced understanding of technology risks and opportunities, access to
standardised data on product performance, and visibility of innovative solutions, thereby de-risking investments in the
DES sector.

* For Researchers and Innovators: A platform for sharing their work, collaborating on new designs, accessing global
research, and identifying market needs for technological solutions.

For consumers, the G20-Africa Knowledge Hub provides access to reliable, high-quality DES product information, explains
their benefits, and offers guidance on effective use and maintenance. This helps build trust and speeds up adoption
by centralising and making critical technological knowledge accessible and democratic. The platform will accelerate
the deployment of suitable and innovative decentralised energy solutions, supporting the development of a strong, self-
sufficient technological ecosystem throughout Africa and the Global South. This initiative will be a key element in achieving
universal energy access and promoting sustainable development.
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Ensuring sustained and equitable access to decentralised energy technologies across Africa and the Global South requires
a long-term vision that extends beyond the immediate deliverables of South Africa’s G20 Presidency. The G20-Africa
Knowledge Hub, while serving as a powerful initial catalyst, must evolve into a self-sustaining, continuously expanding
ecosystem for the transfer, adaptation, and innovation of technology. The way forward hinges on embedding collaborative
mechanisms, fostering local ownership, and leveraging digital advances to future-proof the platform’s impact.

CONTINUOUS CONTENT EXPANSION AND CURATION

The pace of technological change in the renewable energy sector is exceptionally rapid. To remain relevant and impactful,
the Hub must implement a robust and continuous content update strategy. This involves:

e Dynamic Data Integration: Regularly incorporating new performance data, cost trends, and technical specifications
for emerging DES technologies from trusted global and regional sources.

e Emerging Technology Watch: Actively monitoring and curating information on cutting-edge innovations such as
advanced battery chemistries, green hydrogen applications in mini-grids, energy efficiency innovations, and smart grid
advancements.

e User-Generated Content and Feedback: Creating mechanisms for users, including local innovators, practitioners,
and researchers, to contribute case studies, best practices, and feedback, fostering a community-driven knowledge
base.

e Partnerships for Content Development: Collaborating with leading research institutions, universities, and industry
associations globally and across Africa to co-develop and validate high-quality technical content and training modules.

STRENGTHENING LOCAL INNOVATION ECOSYSTEMS

Beyond mere information dissemination, the Hub should actively strengthen local innovation ecosystems. This can be
achieved by:

e Connecting Innovators with Resources: Facilitating direct links between African DES innovators and sources
of patient capital, mentorship, and technical expertise (e.g., through virtual pitching events or dedicated innovation
challenges).

¢ Promoting Collaborative Research and Development: Supporting joint R&D initiatives between African and G20
institutions, focusing on adapting global technologies to local conditions or developing entirely new solutions for
specific regional challenges.

¢ Incubation and Acceleration Support: Partnering with existing or new DES-focused incubators and accelerators
in Africa to provide targeted support to technology start-ups, helping them move from concept to commercialisation.

e Policy Dialogue on Local Content: Convening policymakers and industry players to discuss and develop supportive
policies that incentivise local manufacturing, assembly, and service provision for DES technologies, ensuring economic
benefits are retained within the continent.

IMPACT MONITORING AND CONTINUOUS IMPROVEMENT

To ensure accountability and maximise effectiveness, a robust monitoring and evaluation framework should be integrated
into the Hub’s design for technology access:

¢ Tracking Technology Adoption: Monitoring the uptake of specific technologies promoted through the Hub, including
local manufacturing initiatives and the deployment of open-source tools.

¢ Innovation Metrics: Tracking the number of new DES innovations or adaptations emerging from local ecosystems,
potentially linking these to their socio-economic impact.

e User Engagement and Feedback: Regularly collecting data on how users are interacting with technology-related
content, their satisfaction levels, and suggestions for improvement, using these insights to iteratively enhance the
platform.
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The G20-Africa Knowledge Hub’s commitment to technology access is a cornerstone of Africa’s energy future. By prioritising
open-source solutions, fostering local innovation, and facilitating strategic partnerships, the Hub will not only bridge existing
technological divides but also empower African nations to become leaders in the global decentralised energy transition,
ultimately accelerating universal energy access and sustainable development for all.

This section presents alternative solutions for the hosting, funding, operations, and security of the G20-Africa Knowledge
Hub, taking into account the rotating G20 presidency and South Africa’s pivotal role as the originator. Each question is
addressed with tabulated options, including the rationale and the advantages of each approach.

HOSTING THE G20-AFRICA KNOWLEDGE HUB

Establishing an effective hosting solution for the G20-Africa Knowledge Hub is critical to ensure its accessibility, stability, and
long-term impact across Africa and the Global South. As the flagship virtual platform for knowledge-sharing, collaboration,
and resource mobilisation on decentralised energy systems, the hosting framework must balance continuity, technical
capacity, and compliance with evolving governance requirements.

With South Africa initiating the concept during its G20 Presidency, careful consideration is required to enable seamless
transitions between G20 presidencies, safeguard institutional memory, and leverage both African and international expertise.

The following section explores a range of alternative hosting models, assessing their capacity to provide robust digital
infrastructure, sustained engagement, and scalability as the platform matures into a global resource for energy access and
innovation. Table 8 evaluates hosting alternatives considering continuity and technical capacity.

Table 8: Hosting alternatives

Alternative

South African
National Entity

Description

Hosted by a South African
government agency (e.g., Department
of Energy, and CSIR)

Advantages

Leverages originator's momentum;
demonstrates African ownership

Considerations

Need clear mechanism for transition
after Presidency rotates

Hosting rotates in line with the G20

SEforALL)

G20 Rotating Host . Ensures shared ownership among Risks discontinuity, technical
Presidency (each year a new host L o

Model G20 members complexity in yearly migration
country)

Multilateral HOSt.Ed by an Afrlcap or glot?al Institutional stability, expertise, and Requires long-term commitment and

Instituti multilateral (e.g., African Union, AfDB, neutralty coordination with G20

nstitution UNEP, and IEA)
Co-hosted by a consortium of G20/

Co-Hosting African institutions and technical Broadens expertise, resource base, Governance complexity, requires

Consortium partners (e.g., CSIR, IEA, and and supports continuity robust partnership agreements

FUNDING THE DEVELOPMENT AND ARCHITECTURE

125

Securing robust and sustainable funding for the development and architecture of the G20-Africa Knowledge Hub is
foundational to its success as a central digital platform supporting decentralised energy systems across Africa and the
Global South.

The funding strategy must not only address the initial capital required for technical design, digital infrastructure, and content
curation, but also provide for ongoing enhancements, user support, and accessibility across diverse regions.

Mobilising resources from national governments, G20 member states, multilateral institutions, and private-sector partners,
the Knowledge Hub can be designed as a resilient, user-friendly, and innovative resource.
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This approach ensures the platform maintains high technical standards, remains adaptable to evolving technological
requirements, and can scale to meet growing stakeholder demand — ultimately positioning the Hub as a long-term catalyst

for knowledge sharing and collaboration in the energy sector. Funding alternatives are compared in Table 9.

Table 9: Funding alternatives

Alternative Description Advantages Considerations
South African
Initial development funded by national . ) Limited sustainability for ongoing
Government ) , Leverages “originator” status
. budget or special allocation support
Funding
620 Joint Fund Pooled funding from G20 states, Ensures collective buy-in Needs strong governance and prompt

possibly via a designated trust fund

disbursement

Multilateral Grant/
Donor Funding

Funding from MDBs/DFIs (AfDB,
World Bank), GCF, or international
donors

Large-scale, potentially catalytic

Dependency risk, donor reporting
requirements

Public-Private
Partnership

Mix of public funds, corporate social
investments, and private sponsorship

Diversified, can tap tech expertise

Requires partner alignment and
transparent controls

OPERATIONS AND MAINTENANCE

Effective O&M are fundamental to the reliability and credibility of the G20-Africa Knowledge Hub as a flagship initiative
for decentralised energy systems.

Ensuring the platform’s stability, continuous performance, and adaptability to evolving user needs is essential to sustaining
engagement and trust among a diverse range of stakeholders —including policymakers, financiers, developers, practitioners,
and communities across Africa and the Global South.

A robust O&M strategy encompasses day-to-day technical support, timely content updates, responsive user assistance,
regular system upgrades, and adherence to rigorous data security protocols.

Sound stewardship not only guarantees consistent access to resources and collaboration tools but also empowers the
Knowledge Hub to remain a dynamic, scalable, and future-ready resource that can withstand technological, organisational,
and regulatory changes as the platform matures beyond a single G20 presidency. Table 10 analyses operational management
options for long-term sustainability.

Table 10: Operational management options

Alternative Description Advantages Considerations

Host Country Managed directly by the designated | Clear accountability, national capacity | May face capacity risks if presidency
Agency host (government or research agency) | building rotates

Permanent Dedicated entity (.., within AU, Consistent management. continuit Upfront investment; must maintain
Secretariat AfDB, or G20) oversees all years g ' y independence

Outsourced Model

Contracts a specialised IT/Knowledge
Management firm

Professional support, scalability

Requires strong terms-of- reference,
oversight

Hybrid Model

Secretariat oversees; technical 0&M
contracted to African IT firm

Combines skills, builds local tech
capacity

Requires clear split of responsibilities
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SECURITY PROTOCOLS

Maintaining the integrity, confidentiality, and reliability of the G20-Africa Knowledge Hub is paramount as the platform
becomes a central repository for sensitive data, proprietary resources, and collaborative digital assets for decentralised
energy systems. Given the increasing sophistication of cyber threats—alongside the platform’s mission to host content
from a diverse global community —robust security protocols are non-negotiable.

A comprehensive security strategy must not only comply with national and international data protection regulations but also
anticipate evolving risks, including cyber-attacks, unauthorised access, data breaches, and technology failure. Security
measures should be designed to ensure continuous platform availability, rigorous user authentication, encrypted data
transmission, regular audits, and effective incident response.

Balancing accessibility for a geographically diverse user base with best-in-class digital security will be essential to safeguard
trust, support the platform’s long-term impact, and protect the interests of all contributors and beneficiaries across the
African and global decentralised energy ecosystem. Security framework alternatives are assessed in Table 11.

Table 11: Security framework alternatives

Alternative Description Advantages Considerations

Hub designed to comply with South

National Data o, )
) Africa’s Protection of Personal ) Needs regular updates to match
Protection ) . Meets African and global standards )
. Information Act (POPIA) and similar changing laws
Compliance

African/European standards

Adopts 150 27001, GDPR alignment, Global interoperability and investor

and G20-agreed cybersecurity fid Must harmonise with local data laws
protocols confidence

G20/International
Best Practice

Annual third-party audits and

Independent Public transparency and risk

enetration testing, with published . Requires funding and expert partners
Security Audits p g P mitigation q g pertp
results
Distributed Data/ Mirrors content acrosssecure partner Redundancy and resilience o attacks High initial setup and careful
Multi-Cloud Hosting | clouds (e.g., AU, UNEP, IEA, and CSIR) / coordination needed

COMPARATIVE OPTIONS OVERVIEW
Choosing optimal implementation pathways for complex, multi-stakeholder projects like a sustainable financing roadmap

for decentralised energy systems — G20-Africa Knowledge Hub requires clear decision-making tools.

A comparative options overview presents the possible models, approaches, and key partners for each major element of the
roadmap —enabling stakeholders to evaluate trade-offs, align resources, and coordinate responsibilities.

This section provides a concise, at-a-glance reference of the preferential and alternative models for hosting, funding,
operating, and securing the G20-Africa Knowledge Hub and its related components.

Equipped with this overview, decision-makers can proceed with confidence, knowing that the selected options are
informed by best practice and adapted to Africa’s evolving policy, market, and technological context. Table 12 provides a
consolidated comparison of implementation solutions.

1 27 DECENTRALISED ENERGY SYSTEMS




Table 12: Consolidated comparison of implementation solutions

Solution 1

Solution 2

Solution 3

Solution 4

Hosting National Host (SA/Country) | Rotating G20 Host Multilateral Institution Co-hosted Consortium
Funding National Budget (SA) G20 Joint Fund MDB/Donor Grant Public-Private Partnership
Operations Host Country Entity Permanent Secretariat Outsourced Model Hybrid Model

Security Protocols National Compliance G20/International Standard | Independent Audit Distributed Multi-Cloud

These alternatives position the G20-Africa Knowledge Hub for resilience, growth, and relevance beyond any single G20
presidency.

For the G20-Africa Knowledge Hub to achieve legitimacy, consistency, and long-term value, several key recommendations
are proposed. First, as the initiative matures, the adoption of a Permanent Secretariat or a multilateral hosting arrangement
is strongly advised. This approach is critical for maintaining institutional memory, ensuring year-on-year continuity despite
rotating G20 presidencies, and signalling the seriousness of the endeavour to both international and domestic stakeholders.

Housing the Knowledge Hub within an established multilateral body or supported by a dedicated secretariat provides
the stability and operational backbone necessary for it to serve as a trusted, neutral convener and repository over time.

Second, the funding model for both development and continued operation should transition from initial reliance on
a single government or time-limited donor contributions to a more sustainable, blended approach. This should include
pooled resources from G20 members, multilateral development banks, long-term donor programmes, and strategic
private-sector partners. A blended approach not only diversifies risk and builds financial resilience but also reflects best
practice in international multi-stakeholder initiatives, providing ongoing resources for innovation, platform evolution, and
impact monitoring.

Third, the operational and technical management of the Hub should be entrusted to professional teams, ideally
under strategic guidance from the secretariat or host institution. Leveraging African technical expertise is particularly
recommended, as it ensures relevance, builds continental capacity, and demonstrates the Hub’s commitment to local
empowerment and innovation. Outsourcing day-to-day operations to experienced African IT and knowledge management
firms, coupled with robust oversight from the secretariat, will support both scalability and long-term effectiveness.

Finally, the Hub’s security protocols must be grounded in a rigorous integration of African and international
digital standards, such as national data protection laws, ISO 27001, and the EU’s GDPR, where applicable.
Security frameworks should prioritise transparency and public trust through regular third-party audits, incident reporting,
and the open disclosure of security policies. Protecting sensitive user data and intellectual property must be balanced
with accessibility and openness, using state-of-the-art encryption, multi-factor authentication, and distributed hosting to
safeguard against evolving cyber threats. Only with these protections in place will users across Africa and the global
community have the confidence to contribute resources, share insights, and rely on the Knowledge Hub as a cornerstone
for advancing decentralised energy systems.
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8. CONCLUSION AND RECOMMENDATIONS

The G20-Africa Knowledge Hub is envisioned as a digital platform that democratises access to high-quality knowledge
and tools on DES for all ecosystem actors, including policymakers, financiers, entrepreneurs, and students. To ensure its
success and long-term value, it is recommended that funders and development partners support the digital infrastructure
and content curation processes to build a user-centred, low-bandwidth, and mobile-accessible platform.

Africa’s energy transition is fundamentally a human-capital challenge, and the Hub aims to address skills shortages across
the entire DES lifecycle. Investment is essential to create content, establish regional training partnerships, and develop
credentialing systems to build a pipeline of technicians, engineers, and energy entrepreneurs.

The Hub will demystify DES financing models and provide guides, funder databases, and case studies to help local
developers and SMEs access capital. Donors and DFls should contribute to this stream to address structural financing
gaps, de-risk investments, and support scalable business models.

The Hub will connect DES providers with C&l and residential off-takers through a digital marketplace and provide market
intelligence and procurement readiness tools. Funders can support the development of this digital marketplace and sponsor
regional case studies to demonstrate market fit and bankability.

The Hub will provide policy summaries, model regulations, and licensing templates to support navigation of fragmented
policy frameworks. Collaboration with government agencies, think tanks, and G20 policy bodies is recommended to
ensure the platform receives accurate and timely regulatory intelligence.

The Hub will serve as a virtual meeting ground, linking DES professionals through a global events calendar, associations,
and knowledge-sharing forums. Funders can invest in community-building activities and thematic exchange programmes
that foster global partnerships and mentorship.

The G20-Africa Knowledge Hub offers a unique opportunity for global cooperation. With sufficient backing, it can become a
vital digital resource for decentralised energy systems in Africa and the Global South. Development partners, private-sector
leaders, academic institutions, and G20 member states are called upon to support the realisation of this platform and to
invest in Africa’s energy future.
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The imperative for universal energy access, particularly across the African continent, demands innovative, resilient, and
inclusive strategies. This roadmap, meticulously crafted under Priority Area 1, Outcome 2 of the G20 ETWG, provides a
comprehensive framework for sustainably financing and accelerating DES deployment, aligning precisely with Mission
300's ambitious goal of connecting 300 million people to electricity by 2030. Through its three interconnected sections—a
strategic funding roadmap, a practical guideline for scaling, and a dedicated knowledge hub—this document charts a
clear, actionable path towards a just and equitable energy transition.

Section A, A Sustainable Funding Roadmap, lays the financial bedrock for this transformative journey. It delineates a
strategic framework that outlines a phased approach—from feasibility and planning through to commercial deployment
and monetisation. The section's core findings underscore the critical role of blended finance in de-risking projects and
closing funding gaps, advocating the strategic combination of public and private capital. Innovative tariff models such as
PAYG and RBF are crucial for balancing affordability with financial viability, while robust risk mitigation tools are essential to
attract sustained investment and ensure the long-term sustainability of DES across the continent.

Section B, A Guideline for Scaling Decentralised Energy in Africa, serves as the pragmatic implementation arm
of this roadmap. It operationalises the financial strategies by detailing the institutional, policy, technical, and market
preconditions necessary for the effective and inclusive expansion of DES. Key conclusions from this section underscore
that DERs are optimal solutions for energy access, offering multifaceted benefits beyond mere electrification. Scaling
DES necessitates strong governance and adaptive regulatory frameworks, alongside innovative financing mechanisms
to de-risk investments. Furthermore, human capital development, the cultivation of robust local market ecosystems,
and active community engagement are identified as strategic imperatives. The guideline’s five core steps—integrating
DES into national energy plans, fostering adaptive regulatory frameworks, mobilising diverse and de-risked financing,
cultivating robust local market ecosystems and innovation hubs, and future-proofing DES through climate resilience and
digitalisation—provide a holistic blueprint for action.

Finally, Section C, G20-Africa Focused Knowledge Hub, augments the financial and scaling guidelines by establishing a
dynamic ecosystem for knowledge dissemination, capacity enhancement, and collaborative action. This digital platform is
designed to overcome significant impediments such as fragmented information and persistent skills deficits in the energy
sector. It acts as a centralised repository of DES expertise, facilitating alignment of policies, technical knowledge, and
funding mechanisms between African nations and G20 markets. By fostering South-South cooperation and leveraging
global best practices, the Hub equips stakeholders with the critical knowledge and networks vital to DES's sustainable
growth and transformative influence.

Collectively, Sections A, B, and C form a cohesive and comprehensive roadmap meticulously designed for maximum impact
and enduring sustainability. Section A sets out the strategic financial framework, precisely articulating the mechanisms for
attracting, structuring, and deploying the requisite investments. Section B translates this robust framework into actionable,
ground-level guidelines for effective implementation and scalable deployment, detailing the essential policy, technical, and
market conditions prerequisite for success. Ultimately, Section C serves as the indispensable, dynamic enabler, fostering
the critical knowledge, cultivating the requisite skills, and forging the collaborative networks vital for the sustainable growth
and long-term transformative influence of DES across Africa.

By integrating these three interconnected pillars—finance, implementation, and knowledge —this roadmap presents a
holistic, pragmatic, and ambitious strategy for attaining universal energy access, foster inclusive economic development,
and build lasting climate resilience throughout the African continent. It is a testament to the power of collective action and
shared vision. The path forward is clear: to unlock Africa's vast renewable energy potential, empower its communities, and
secure a brighter, more sustainable future for all, we must continue to champion and scale decentralised energy systems
with unwavering commitment and collaboration. Let this roadmap serve as our guide and inspiration, propelling us towards
a future where clean, reliable, and affordable energy is a reality for every African.
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