
Next Energy 8 (2025) 100368

Contents lists available at ScienceDirect

Next Energy

journal homepage: www.sciencedirect.com/journal/next-energy

Research article 

Renewable energy villages roadmap development for Ethiopia, Kenya, 
Uganda, and Botswana nations
Nebiyu Girgiboa,⁎, Karita Luokkanen-Rabetinoa, Pekka Peuraa, Getachew Adamb, Tsegaye Sissayb,  
Abebe Workub, Misrak Girmab, Mario Einaxc, Phalaneng Maphanec, Achisa Cleophasd,  
Ambrose Kiprope, Hillary Kaseddef, John Baptist Kirabiraf, Kasim Kumakechf

a Vaasa Energy and Business Innovation Centre (VEBIC), University of Vaasa, Vaasa FI-65200, Finland 
b Department of Industrial Chemistry, College of Applied Science, Addis Ababa Science and Technology University, Addis Ababa 16417, Ethiopia 
c Department of Physics and Astronomy, Botswana International University of Science and Technology, Palapye 10017, Botswana 
d Renewable Energy, Environment, Nanomaterials and Water Research Group, Department of Chemical and Process Engineering, Moi University, Eldoret 3900-30100, 
Kenya 
e Department of Chemistry and Biochemistry, Moi University, Eldoret 3900-30100, Kenya 
f Department of Mechanical Engineering, School of Engineering, College of Engineering, Design, Art and Technology, Makerere University, Kampala 7062, Uganda 

A R T I C L E  I N F O

Keywords: 
Energy village
Roadmap
Sustainable action plan
Renewable energy
Policy recommendation
Africa

A B S T R A C T

This article aims to map out a roadmap 2025–2029 for 4 African nations—Ethiopia, Kenya, Uganda, and 
Botswana—and associated policy recommendations. The method is to work on the project, long-term Joint 
Relationship Between European and African in Renewable Energy Research in Energy Village Concept in Africa 
(LEAP-RE: WP 14) and mapping polices and roadmaps from experience and literature. The significance and 
contribution is an example to African nations for developing and mapping out a Roadmap for 2025–2029 for 
Energy Village (EV) projects. The novelty is the African Energy Villages, which were identified to be unique and 
different from implementations in European nations. The EV concept identifies and analyses potential supplies of 
renewable energy (RE) and local consumption needs to help local communities become energy self-sufficient. 
Understanding policies and initiatives for self-sufficient RE villages in Africa under the LEAP-RE program is a 
crucial prerequisite in implementing EV concepts using clean and secured sources of RE such as biomass, small 
hydropower, solar, and wind for rural African people. The main conclusion is that such EVs are able to use more 
than 100% RE from local communities to overcome the energy shortage.
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1. Introduction

The WP14 endeavored to establish smart, self-sufficient energy 
communities capable of generating, managing, and utilizing their own 
energy resources, with minimal reliance on external power grids. In 
Kenya, Moi University studied 5 energy villages (EVs) that integrate 
various technologies to optimize energy use and improve overall effi
ciency while reducing the environmental impact. The other EVs are in 
Botswana, where BIUST University studied 5 EVs; in Uganda, where 
Makerere University studied 5 EVs; and in Ethiopia, where AASTU 
studied 4 EVs.

In Botswana, there is a self-sufficient energy community of the 
Botswana Power Company (BPC) coal powered national grid energy 
supply. The village’s electricity source is clean and renewable, reducing 
the village’s carbon footprint. In Uganda, key stakeholders include the 
refugee community, host community, government through the OPM 
(Office of the Prime Minister), design and engineering consultants, and 
local authorities. Authorities in Ethiopia include federal, regional, and 
local governments, as well as regulatory bodies overseeing energy, 
environment, and rural development. Their involvement ensures that 
the project aligns with national and regional policies, benefits from 
regulatory and financial support, and gains legitimacy within the 
broader framework of sustainable development. In Kenya, roadmap 
actions include feasibility assessments; stakeholder engagement; ob
taining funding and investment; designing the smart energy infra
structure; building or retrofitting energy-efficient buildings; im
plementing smart grid and energy management systems; promoting 
community engagement and education; monitoring progress; and en
suring long-term maintenance, sustainability and funding [1–3].

Energy in Africa predominantly involves biomass resources, mainly 
fuel wood, charcoal, branches, animal manure and agricultural re
sidues. Besides these traditional energy resources, a small amount is 
supplied by modern energy resources—namely petroleum and elec
tricity—to top up the balance. According to previous reports on EV 
projects in Finland, transportation accounts for the greatest fraction of 
fossil energy use, energy cost, and economy. In the African context, 
however, the most important energy issue is the supply of household 
fuels, which is associated with massive deforestation and consequent 
land degradation. Accessing traditional energy resources becomes in
evitably more challenging as the population increases, and the effects 
are already experienced. As is well-known, energy is the backbone of 
socio-economic development and supplies also political power for 
states. Governments therefore set out various policies and initiatives to 
radically transform the current energy landscape in Africa. This is 
particularly so in Ethiopia, Botswana, Uganda and Kenya where the 
bigger scope for renewable energy (RE) resources, ambitious elec
trification targets and numerous legislative incentives have cultivated 
increasing appeal for private investors. Prioritizing modern and sus
tainable energy usage is the central basic element of these governments’ 
policies. To improve energy access by increasing RE production, this 
report identifies policies that support EV concepts and implementation 
strategies in Ethiopia, Botswana, Uganda and Kenya.

The EV concept has been seen as a facilitator for change in the 
striving for energy self-sufficiency in rural villages. EVs have been de
veloped across Uganda, Kenya, Botswana and Ethiopia, as listed in 
Table 1.

The key concept behind this article is the EV project concept. The EV 
concept maps out a selection of villages with various levels of inter
vention, and categorizes them according to their readiness levels. EV is 
a replicable concept for creating RE self-sufficient small regions, with a 
particular initial focus on rural/remote areas or at the scale of a suburb. 
The EV concept starts with the following ideas as they relate directly 
related to both the work program and the specific challenge: Firstly, the 
continent is endowed with strong renewable energy source (RES) po
tential including biowaste, solar, wind, geothermal and hydroenergy 
that exceeds demand, especially in rural regions. Secondly, there are 

already positive drives for new strategies and practical solutions to 
boost the transition from fossil fuels to sustainable energy sources. The 
growing shift in general public opinion toward RES and increased en
ergy security can also support huge economic opportunities at a re
gional level.

Theoretical support for the EV concept can be drawn from so
ciology, technology, natural science, industrial management, eco
nomics, juridical, and evolutionary psychology through philosophy 
toward conceptual integrations [29]. Conceptual integration, Peura 
[29] explains, aims toward large intellectual entities from the var
ious branches of science by explaining and merging the background 
presuppositions.

Table 1 
List of energy villages in Africa chosen. 

S/N Energy villages Country

1 Cheboiwo, Langas, Nandi Hills, Kerio Valley, and 
Lelan

Kenya

2 AASTU, Tulefa, Wonji, and Langano Ethiopia
3 Regent Hill School, Regent Hill School, Jamataka, 

Majwannaadipitse, and Matsaudi
Botswana

4 Nakasengere, Wanale, Refugee Camp, Maziba 
Murole, and Kayanzi

Uganda

Fig. 1. Four-node network representation scheme visualizing the interplay 
between social, economic, environmental and innovation aspects for the de
velopment of a successful sustainable, resilient, and durable energy supply in 
rural areas.

Fig. 2. The conceptual procedure for developing African-context EV roadmaps 
[29].
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This article proposes and suggests a renewable EV roadmap that might 
be generalized for African nations, and outlines future energy policy re
commendations for them. The novelties, significance and contributions 
consist in EV roadmaps for 2025–2029 for 4 African nations. The following 
research questions were raised and addressed in this research—RQ1) What 
are the 2025–2029 roadmaps for EVs in Ethiopia, Kenya, Uganda and 
Botswana? RQ2) What future policy can be recommended for African 
nations, combining knowledge from the LEAP-RE project?

The EV concepts mapping joint research and innovation actions for 
next-step development of RES specific challenges and smart stand-alone 
systems. As Africa’s population rapidly grows and urbanizes, its need for 
reliable and sustainable energy supply will become greater than ever. This 
energy is needed not only to drive the continent’s economic development 
but also to offer modern energy services to the large population presently 
living without them. The EV concept recognizes the following as a starting 
point as it all directly related to the work programmed and the specific 
challenge. Firstly, RES Potential - The continent is endowed and has the 
potential of RES, including biowaste, the solar, wind, geo and hydro en
ergy that exceeds the demands, especially in rural regions.

The physical preconditions for RES energy self-sufficiency exist. A 
potential that EV concept addresses. Secondly, positive drivers – from 
attitude to the local economy. A large part of the Africa continent is 
still without clean energy, RES offers an opportunity to leapfrog the 
fossil-based fuel to clean RES energy in rural energy with smart stand- 
alone systems. Certainly, there are positive drives that call for new 
strategies and practical solutions to boost the transition away from 
fossil fuels to sustainable energy sources. The growing shift in general 
public opinion toward RES and increased energy security that Long- 
term RES can provide as well as huge economic opportunities at a 
regional level.

1.1. Literature review: Obstacles/barriers and problems in energy innovative 
technology market

Innovation is a way to implement ideas that lead to new or im
proved products, and services. The overall aim is turning ideas into 
sustainable tangible values which often happens through the business 
models reflecting the ability to innovate. We can classify different types 
of innovations. Two main categories are economic innovations and 
noneconomic innovations, respectively. Technical innovations belong 

to economic innovations, while noneconomic innovations are, for ex
ample, social innovations or green innovations.

Our focus in WP 14 is the development of an EV concept that aims to 
provide, for example, in rural villages with a resilient and durable energy 
solution including local value creation, rural entrepreneurship, and fair 
employment. In addition, this also implies a way for the decarbonization of 
rural regions targeting long-term carbon neutrality, with a strong replication 
potential. The interplay between social, economic, environmental and in
novation aspects for the development of a successful sustainable, resilient 
and durable energy supply in rural areas can be represented by a 4-node 
network topology (see Fig. 1). Searching for an affordable RE solution can 
be linked to that network. “Energy crisis or barriers can intricate interplay 
between consumer behavior, industry practices, and technological innova
tions in shaping the energy landscape and; needs and differences between 
different groups of countries realistic in overcoming barriers’’ ([12,13]).

Identifying obstacles/barriers to an innovation strategy before set
ting it out helps to turn ideas into tangible value or to establish sus
tainable business models. This empowerment of consumers into active 
players is currently one of the main social innovation challenges for the 
electrification of rural areas and can be seen as one of the obstacles to 
innovation. While in most projects technological innovations are the 
main focus, social innovation and the incorporation of wider societal 
aspects are regularly overlooked in the design phase of innovation 
processes. For example, social innovation is to define new roles in an EV 
community compared to the existing or traditional roles. 

• Traditional roles,
• Working on cattle posts,
• Do farming (plowing and growing crops),
• Produce traditional bricks,
• Work as peace jobbers to build traditional houses,
• Collecting and selling firewood.

Rural villages in Sub-Saharan Africa have a high unemployment rate 
and villagers have a low income. The fear of changing traditional roles 
is another obstacle to innovation to implement RE solutions, such as 
moving from traditional cooking with firewood to solar cooking. A third 
obstacle is the limited eigen-capital due to low income and the asso
ciated poverty in rural EVs in Africa. For low-income regions, there is 
also a lack of innovative investment strategies offered by the banking 

Table 2 
Roles and required permits from authorities for EV implementation in Botswana. 

No Authority Summary of the roles Required permits

1 Villagers/The Chief and the VDC (Village 
Development Committee)

Permission to interact with villagers and do a needs 
assessment

No permit required

2 Ministry of Minerals and Energy Approval if research Ethics permit
3 The Land Board Responsible for authorizing and approving land use Land title deeds
4 The Department of Environmental Affairs (DEA) Responsible for overseeing the Environmental Impact 

Assessment process
Certificate of environmental impact 
assessment

5 Health and Safety Authorities Responsible systems safety No permit but general register required
6 Botswana Regulatory Authority (BERA) Responsible approving power production Power production permit

Fig. 3. Roadmap for developing an energy village in Majwanaadipitse, Botswana. 
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sector. Another obstacle is short-term thinking because a limited eigen- 
capital and the poverty trap in rural areas lead to long cash back cycles 
for RE solutions in EVs.

Also, the lack of innovative business models like the establishment 
of community and companies is an obstacle to innovation. This goes 
ahead with the lack of leadership to establish sustainable RE solutions. 
Moreover, geographical constraints and education level are significant 
obstacles to achieving green innovations. Finally, security reasons in 
several countries in Sub-Saharan Africa can be seen as an obstacle to 
innovation. Differently speaking, local and regional conflicts make it 
often impossible to reach EVs [1–29].

2. Research process/materials and methods

This section presents the general methods used including which sys
tematic review and procedures applied in this article. The conceptual gen
eral structure procedure that should apply to the future roadmap is shown 
in Fig. 2, adapted from Peura [29]. This article tries to build on Peura’s [29]
work by building an EV concept roadmap in the African context.

2.1. EV roadmap development

i. Data was collected from project of LEAP-RE: WP 14 experience and 
from literature review.

ii. Conceptual structure identification from EU and/or Finland
The conceptual structure should apply to the future roadmap that 
was identified and described based on previous publications [29].

iii. Develop a new conceptual model adapted to the African Union 
context and general EVs based on literature synthesis and previous 
knowledges in Finland.

iv. A sustainable action plan developed.

1) Review and analyze roadmaps used in Finland and learn from them: 
investigate how to apply the steps toward implementing sustainable 
energy to the African context as a RE roadmap.

2) Identify detailed roadmaps, implementation and sustainable action 
plans used in Finland and from our partners.

3) Identify implementation plans for each partner country and com
monalities across demo villages and partner countries.

4) Search for a single technical solution relevant to every EV at a 
general level.

5) Outline the roadmap toward a more comprehensive system solution, 
consisting of separate technologies.

6) Advance them based on other experiences, for example, in Finland 
and adapt them to Africa, describing their expansion and their 
possibilities.

7) Identify other possible roadmaps and documents to compare the 
results roadmap from the EV project.

2.2. Policy recommendations

1) Combine results: combine mapping of literature reviews and policy 
results with the new generalized energy roadmap developed.

2) Decide: what should be the main results, identification and gaps in 
the current documents to forward as the main policy re
commendation for the case nations or Africa in general?

3) Agree on the results with partners: discuss with every partner in LEAP-RE 
(WP14: Energy Village Concept) these recommendations about policies. 
Agree with all partners on what to suggest and document all steps.

3. Results

3.1. EV roadmap development

The detailed implementation and sustainable action plans are de
scribed below for Botswana, Ethiopia, Uganda and Kenya.Ta
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3.1.1. Botswana
In Botswana, the suggested roadmap to be achieved from 2025 to 

2029 involves the authorities assigning permits and roles for EV im
plementation. See Table 2 for the permits required.

Actions for 2025–2029 Botswana.
Village Needs Assessment: The village will be assessed to determine 

who will consume the energy, the current energy needs of the villagers, 
their activities, culture and practices, living standards, norms and va
lues and to find out what energy uses they aspire to. Also, the geo
graphy and climate are preliminarily assessed here in order to de
termine the possible and available sources.

Feasibility Study: The feasibility study aims at assessing the existing 
infrastructure, whatever energy technologies that may be available, and 
compatibility with the local grid (for the possibility of a grid-tied fu
ture). Also, the study looks at environmental sustainability and re
commends measures to minimize environmental harm. The study will 
also calculate the required investment, estimate maintenance costs, 
potential earnings and savings, and economic benefits such as access to 
cleaner and sustainable energy, jobs and improved agricultural prac
tice, etc.

Stakeholders/Authorities Engagement: The energy policy and regula
tions department is within the government of Botswana, and needs to 
be convinced to support the initiative. The local community is involved 
in planning to ensure that the EV meets their needs and gains their 
support. Potential investors, collaborators, technology suppliers, and 
local contractors can be identified at this stage.

Funding and Grants: Potential national, regional, and international 
grants, loans, or partnering bodies are approached at this juncture to 
convince them of the viability and benefits of funding the EV. A fi
nancial analysis, showing return on investment (ROI) with projections 
on energy savings, job creation, and the social impact should be pre
pared to convince funders.

Design and Development: The layout of a solar microgrid and biodi
gesters are finalized in this phase. Included here should be the local grid 
that distributes energy to points of use such as homes and boreholes. All 
necessary permits from the Botswana government for construction, 
operation, and environmental compliance should be secured at this 
point. BERA will be consulted in order to align the implementation with 
national energy regulations. Energy equipment, such as solar panels, 
battery storage, and digestor construction materials such as bricks and 
cement, will then be procured.

Energy Systems Construction and Capacity Building: The PV microgrid, 
together with related infrastructure and the biodigesters, is now con
structed. Related systems such as energy meters are installed. Capacity 
building is implemented in the form of training of local community 
members in the operation and maintenance of RE systems to ensure 
sustainability. Outreach programs to raise awareness about energy 
conservation, technology, and sustainability practices are undertaken. 
Operational tests of the energy systems are carried out to ensure that 
they are running as planned, along with troubleshooting and adjust
ment of operations where necessary.

Monitoring, Maintenance, and Evaluation: The energy system’s per
formance is monitored and evaluated along with community satisfac
tion and financial viability. It is important to regularly evaluate the 
impact on energy access, economic growth, and environmental sus
tainability. Maintenance of energy infrastructure is key to preventing 
breakdowns. Where necessary, adjustments and upgrades should be 
carried out to mitigate redundancy or increased demand.

Scaling/ Model Replication: Once the EV has been evaluated and 
certified successful, other villages can be convinced to adopt the same 
model and possibly larger-scale RE projects that can serve multiple 
villages or towns may be explored (see below Fig. 3 and Table 3, and 
Table 4 for a road map 2029–2029 for Botswana).

3.1.2. Uganda
The EV is wildly accepted and can be used in Uganda. To start this 

village particular documents required to be practical. The authorities 
and required permits are listed in Table 4. In Uganda to start an EV the 
kinds of documents are required are listed in below Table 4.

Demand mapping for the village: The demand mapping was done by 
the project team. This involved estimating the community’s load profile 
to eventually determine the community’s energy requirements.

Detailed system design, specification, and selection: The detailed design 
that depended on the available potential, and they will be obtained by 
the project design team. This will focus on coming up with the speci
fications of the energy systems, their sizes and the potential suppliers.

Training and capacity development: A team of personnel will be 
trained in the basic skills needed to work directly in the project.

Equipment acquisition: The project procurement and engineering 
contractors will consider credible suppliers and implement the acqui
sitions at the implementation stage of the project.

Supply, installations, and operation: After equipment acquisition, in
stallation training and operation will follow.

Evaluation and success criteria: Periodic evaluation of the project 
success and impact on the community will be done. This will help to 
identify prospective improvements required. Please see Table 5 for the 
actions and their associated interrelations.

3.1.3. Ethiopia
In Ethiopia, the EV concept is already accepted. To implement it 

requires documentation and permits as listed in Table 6.
Actions for 2025–2029 Ethiopia.
The realization of Tulefa EV as a model smart self-sufficient energy 

community requires a well-structured action plan, detailing what needs 
to be done, who will be responsible, how it will be executed, and when 
each activity should take place. Below is a comprehensive timeline of 
actions, interdependencies, and key stakeholders involved (see Table 6
and Fig. 4 for EV roadmap in Ethiopia). Implementing a self-sufficient 
EV in Ethiopia’s rural areas requires a comprehensive approach that 
aligns with national regulations and local community needs.

This initiative aims to harness RE resources such as solar, wind, and 
biomass to meet community energy demands sustainably. Obtaining the 

Table 4 
Authorities and required permits. 

S/N Authority Summary of the roles Required permits

1 UNHCR (United Nations High Commissioner for Refugees)/ 
NGO (National Governmental Organization)

Provision of the clearance for access to the 
village 
Availing relevant data for the community

Clearance permit for data collection

2 OPM (Office of the Prime Minster) Responsible for the administrative operation 
of the village

Camp access permit

3 ERA (Ethiopia Road Administration) Responsible for managing all the electricity 
related projects in the country

Project development and implementation 
permit

4 REA (Research Executive Agency) Responsible for rural electricity projects Development permit
5 UNBS (Uganda National Bureau of Standards) Responsible for quality of products and 

services the consumers receive
ISO (International Standard Organization) 
certification of the project

Actions for 2025–2029 Uganda.
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necessary permits and approvals from various government bodies is 
essential. These include investment licenses, land use agreements, en
vironmental clearances, and energy generation permits, among others. 
Collaborating with key authorities and ensuring compliance with legal 
and regulatory frameworks will enable the successful establishment and 
operation of the EV, fostering economic development and improving 
the quality of life for rural residents. Below are the main permit 
documents required to implement the project, along with the govern
mental bodies that issue them. Table 7 shows one part of the roadmap 
for Ethiopia.

3.1.4. Kenya
The authorities and required permits for implementing EVs in Kenya 

are shown in Table 8.
Actions for 2025–2029 in Kenya.
Implementing a smart energy community involves a series of co

ordinated actions that span planning, design, construction, and ongoing 
operation. These actions focus on establishing an energy-efficient, 
sustainable, and self-sufficient energy system, where RESs, smart 
technologies, and community involvement work together. 

1. Feasibility assessment:
Conduct a comprehensive feasibility study to evaluate the potential 
for RE generation, storage, and smart grid integration within the 
community.

2. Stakeholders engagement:
Establish a collaborative framework with key stakeholders (local 
government, residents, utilities, developers, energy providers, etc.).

3. Obtain funding and investment:
Identify and secure funding sources to finance the infrastructure, 
technologies, and development of the smart energy community.

4. Design the smart energy infrastructure:
Design a comprehensive energy system that incorporates RE, energy 
storage, and smart grid technologies.

5. Build or retrofit energy-efficient buildings:
Ensure that buildings within the community are energy-efficient, 
utilizing smart technologies, and equipped with RE systems.

6. Implement smart grid and energy management systems:
Deploy the smart grid infrastructure and energy management sys
tems that enable real-time monitoring, data collection, and optimi
zation of energy consumption.

7. Promote community engagement and education:
Foster active participation from residents by providing education, 
incentives, and platforms for involvement in the community’s en
ergy system.

8. Monitor progress:
Continuously monitor the community’s energy systems, optimize 
their performance, and scale the model for wider application.

9. Ensure long-term maintenance and sustainability:
Establish a governance and management structure to ensure the 
ongoing operation and sustainability of the smart energy commu
nity. These actions described above are summarized in Table 9.

The successful implementation of a smart energy community re
quires careful planning, coordinated action across multiple stake
holders, and an ongoing commitment to innovation and sustainability. 
By following a structured roadmap, communities can build self-suffi
cient, resilient, and energy-efficient environments that reduce their 
carbon footprint and offer long-term benefits to residents, businesses, 
and the environment. Fig. 5 shows the implementation roadmap for 
2025–2029.

4. Discussion: Policies recommendations for AU

Understanding policies and initiatives for self-sufficient RE villages 
in Africa under the LEAP-RE Programme is a crucial prerequisite to Ta
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their implementation. Developing an implementation plan and feasible 
business model with high replication potential requires mapping of 
policies and initiatives based on each region’s RES potential and total 
energy consumption report. On top of this, EV strategic plans allow 
stakeholders to consider the best use of the locally available RE re
sources and to reduce the impact of climate change on the community.

In line with the objectives of the EV establishment of the LEAP-RE 
project, the governments of Ethiopia, Botswana, Uganda and Kenya have 
issued different documents that set out energy policies. In Ethiopia, for 
instance, energy policies started to take effect in 1994. The energy policy 
document showed the government of Ethiopia’s (GoE) intentions in each 
of the subsectors. Thus, it aimed to address household energy problems by 
promoting agro-forestry, increasing the efficiency of biomass fuels usage, 
and facilitating the shift to greater use of modern fuels. Furthermore, the 
policy paper states that the country will rely mainly on hydropower to 
increase its electricity supply but it also mentions taking advantage of 
Ethiopia’s geothermal, solar, wind and other RE resources where appro
priate. In addition, it aims to further explore and develop oil and gas 
reserves. It also refers to the need to encourage energy conservation in 
industry, transport and other major energy-consuming sectors, to ensure 
that energy development is economically and environmentally sustain
able. Providing appropriate incentives to the private sector is the other 
area that the policy statements emphasize. The energy policy document is 
further elaborated by further policies and strategies specific to industrial, 
agricultural, and other sectors. The main energy policies in Ethiopia are: 

• Policy on energy resource development
• Policy on energy supply
• Policy on energy conservation and efficiency
• Policy on comprehensive measures

The general objectives of the energy policy are as follows: 

• To ensure a reliable supply of energy at the right time and at af
fordable prices, particularly to support the GoE’s agricultural and 
industrial development strategies.

• To ensure and encourage a gradual shift from the use of traditional 
energy sources to modern energy sources.

• To streamline and remove bottlenecks encountered in the develop
ment and use of energy resources and to prioritize the development 
of indigenous energy resources to attain self-sufficiency.

• To set general guidelines and strategies for the development and 
supply of energy resources;

• To increase energy use efficiency and reduce energy wastage; and,
• To ensure that the development and use of energy are benign to the 

environment

These kinds of policy initiatives were started and have been 
developed in most Sub-Sahara African nations and/or the whole of 
Africa. To promote and realize the country’s Green Development 
Strategy, ongoing initiatives to generate electricity from hydro
power and the development of other RESs like biofuels, solar and 
wind will remain the strategic direction, as described in the energy 
policy documents. In addition, new technological innovations will 
be utilized to ensure that the energy sector does not emit additional 
carbon dioxide. To promote and sustain rural alternative energy 
development activities, the policy says efforts will be made to en
hance the capacity and knowledge of regions, producers and con
sumers in this regard. The distribution of fuel wood-saving mate
rials and technologies throughout the country will be continued. 
The GoE has also initiated the Climate Resilient Green Economy 
(CRGE) initiative to protect the country against the adverse effects 
of climate change and to build a green economy that will help 
realize its ambition of reaching middle-income status. In general, 4 
initiatives for fast-track implementation have been selected under 
the CRGE: 

1. Exploiting Ethiopia’s vast hydropower potential;
2. Large-scale promotion of advanced rural cooking technologies;
3. Efficiency improvements to the livestock value chain; and
4. Reducing Emissions from Deforestation and forest Degradation 

(REDD).

Table 6 
Required documents and permitting organizations in Ethiopia 

Required document Permitting organization

Investment Permit Ethiopian Investment Commission (EIC)
Land Use Agreement Ministry of Agriculture (MoA) and Regional Land Administration Offices
Environmental Impact Assessment (EIA) Approval Environmental Protection Authority (EPA)
Energy Generation License Ministry of Mines and Energy (MoME)
Construction Permit Ministry of Urban Development and Construction
Business Registration and Tax Identification Ethiopian Revenue and Customs Authority (ERCA)
Community Agreement Regional and Local Authorities (Woreda and Kebele Administrations)
Power Purchase Agreement (if applicable) Ethiopian Electric Utility (EEU) and Ethiopian Electric Power (EEP)

Fig. 4. The roadmap for Actions on developing the EV projects in Ethiopia. 
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These initiatives will have the best chances of promoting growth 
immediately capturing large GHG emission abatement potentials, 
strengthening Ethiopia’s leading role in sustainable growth, and at
tracting climate finance for their implementation. To ensure a com
prehensive program, initiatives from all other sectors will also be de
veloped over time into concrete proposals. These policies and initiatives 
appear to be the fertile ground for the implementation of the LEAP-RE 
EV concept.

Shaping a country’s RE future depends strongly on the governance 
and mechanism of the respective valid legal situation in terms of energy 
policies and regulations. In Botswana, energy-related legislation is ad
ministered by the Department of Energy (DoE) of the Ministry of 
Mineral Resources, Green Technology and Energy Security (MMGE) 
and the Botswana Energy Regulatory Authority (BERA). BERA, as a 
regulatory authority, handles all energy regulation matters in 
Botswana. Thus, BERA is responsible for providing an efficient energy 
regulatory framework for electricity, gas, coal, petroleum products, and 
all forms of RE including solar. It was established by the Botswana 
Energy Regulatory Act 2016 and started operation on the 1st of 
September, 2017.

Since 1985, Botswana’s energy sector developments have been 
guided by the Botswana Energy Master Plan (BEMP), which was last 
reviewed in 2002. The BEMP was recently replaced by the National 
Energy Policy (NEP), which was approved by the Parliament of 
Botswana in 2021 showing Botswana’s commitment to transform the 
energy sector from fossil sources to RESs. The NEP is founded on 3 
guiding principles: (i) economic development, (ii) equity and (iii) en
vironmental protection (Government of Botswana, 2020a). The NPD is 
closely aligned with the goals of the eleventh national development 
plan (NDP 11). The eleventh National Development Plan (NDP), for the 
period 2017–2023, flagged climate change as a challenge faced during 
NDP 10 and explicitly recognized the imperative of addressing climate 
change (Government of Botswana, (2017). Under the NDP’s 
“Sustainable Use of Natural Resources” core priority area, the NDP 
highlighted the role that climate change mitigation and adaptation can 
play in creating employment and economic growth and emphasized the 
need to mainstream climate change into development planning. The 
NDP also called for gender-responsive adaptation and mitigation pro
cesses and smart agriculture. Moreover, the NPD is also closely aligned 
with Botswana’s Vision 2036 (Vision 2036 Presidential Task Team, 
2016). The transformational Vision 2036 gives the frame and defines 
the national objectives for Botswana’s future development and includes 
a holistic sustainable energy perspective, being defined by the attri
bute’s availability, accessibility, safety, affordability, reliability and 
environment-friendliness.

In August 2020, the first Integrated Resource Plan (Government of 
Botswana, 2020b) of Botswana was approved which provides the national 
framework for energy planning, that identifies priority renewable and 
thermal energy projects to meet growing energy demand. Moreover, in 
2020, the government of Botswana launched the Rooftop Solar 
Programme [1–5], which allows domestic and commercial/industrial 
consumers to install solar systems to generate electricity for self-con
sumption and to feed the produced excess electricity to the grid, i.e., to sell 
the produced excess electricity to the Botswana Power Corporation (BPC).

As a further initiative, Botswana aims to reduce carbon emissions by 
15% by 2030 compared to the base year 2010 (using 8307 Gg CO2e as a 
baseline). For this reason, Botswana developed the UNDP National 
Climate Change Strategy and Action Plan in 2018 (UNDP, 2018). In a 
quite similar way, the Governments in Uganda and Kenya introduced 
different energy policies and initiatives to tackle climate change based 
on international agreements and yet to transform the traditional ways 
of energy use. The Government of the Republic of Kenya has long noted 
the significant potential for power generation from RESs in the country. 
The Government has, therefore, sought the expansion of RE generation 
in its overall power development plan for the period 2017–2037. The 
projection is that, by the year 2037, RESs will provide just over 60% of 
the installed power capacity in the country.

Kenya adopted the Energy Act No. 1 of 2019 (the Energy Act) to, 
among other objectives, promote the generation of RE in Kenya. The 
Energy Act mandates the Cabinet Secretary for the Ministry of 
Energy and Petroleum to develop, publish and review energy plans 
concerning RE to ensure the delivery of reliable energy services and 
to, at a minimum, cost and develop a conducive environment for the 
promotion of investments in energy infrastructure development. To 
promote energy investments, national and county governments are 
required to facilitate the acquisition of land for energy infrastructure 
development [6].

The Energy Act establishes the Energy and Petroleum Regulatory 
Authority (EPRA) to, among other functions: regulate the production, 
conversion, distribution, supply, marketing and use of RE; collect and 
maintain energy data; ensure, in collaboration with the Kenya Bureau 
of Standards, that only energy-efficient and cost-effective appliances 
and equipment are imported into the country; and coordinate the de
velopment and implementation of a national energy efficiency and 
conservation action plan. The powers of the Authority include the 
power to issue and renew licenses and permits for all undertakings and 
activities in the energy sector; manage electric power tariffs and tariff 
structures; to investigate tariff charges; formulate, set, enforce and re
view environmental, health, safety and quality standards for the energy 
sector; to approve electric power purchase and network service con
tracts for all persons engaging in electric power undertakings; in
vestigate and determine complaints or disputes between parties over 
any matter relating to licenses and license conditions under the Energy 
Act; and to impose such sanctions and fines as may be appropriate for 
violation.

The Energy Act establishes a Tribunal to hear and determine civil 
disputes and appeals from the EPRA and any other licensing authority 
relating to the energy and petroleum sector. The Tribunal has powers to 
grant equitable reliefs including injunctions, penalties, damages, spe
cific performance and the power to, on its motion or upon application 
by an aggrieved party, review its judgments and orders. The main 
purposes of the RERC are to spearhead the development of RE resources 
in Kenya and to accelerate the pace of rural electrification in the 
country. The RERC is mandated under the Energy Act to undertake 
feasibility studies and maintain data to avail the same to developers of 
RE resources and provide an enabling framework for the efficient and 
sustainable production, conversion, distribution, marketing and utili
zation of renewable sources in Kenya [6]. Kenya’s renewable electricity 

Table 8 
Authorities and required permits for Kenya 

Authority Roles Required permits

1 The Energy and Petroleum Regulatory 
Authority (EPRA)

Technical and economic regulation of electricity, petroleum and renewable 
energy subsectors in Kenya

Project development and 
implementation

2 Kenya Bureau of Standards (KEBS) Responsible for quality of products and services the consumers receive Standardization of materials and 
equipment used in the project

3 The National Environment 
Management Authority of Kenya 
(NEMA)

Supervising and coordinating environmental activities and serving as the 
main national body to implement environmental policies in all sectors 
within the country

Environmental impact
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grid is at 90 per cent. According to the African Development Bank, 
Africa’s annual energy financing gap as of May 2022 is $24.5 billion 
(Sh2.96 trillion). The Electricity Sector Association of Kenya (ESAK) has 
unveiled key measures to enable Kenya to achieve 100 per cent RE by 
2030. This is even as it reaffirms its commitment to the global climate 
agenda. Recent Energy statistics report by the Energy and Petroleum 
Regulatory Authority (EPRA) shows that Kenya has promising potential 
for power generation from RESs. Following a least-cost approach, the 
government has prioritized the development of geothermal and wind 
energy plants as well as solar-fed mini-grids for rural electrification.

5. Conclusions

The aim of this article was to develop an EV Roadmap for 
2025–2029 for 4 countries that can be an example for the rest of Africa: 
Ethiopia, Kenya, Uganda and Botswana. Energy consumption in Africa 
is predominantly based on biomass energy resources, mainly fuel wood, 
charcoal, branches, animal manure and agricultural residues. Besides 
these traditional energy resources, a small amount of energy from 
modern sources, namely petroleum and electricity, top up the balance. 
Those have to be replaced by RE resources. To answer these questions: 
1) What is the future road map for EVs in Ethiopia, Kenya, Uganda and 
Botswana Roadmap of 2025–2029 for EV? EV Roadmaps were devel
oped for Uganda, Ethiopia, Kenya and Botswana. 2) What are the future 
policy recommendations for African nations combining knowledge 
from LEAP-RE project? Several policy recommendations were identified 
and presented. Some of them are: Exploiting vast hydropower poten
tials; Large-scale promotion of advanced rural cooking technologies; 
Efficiency improvements to the livestock value chain; and Reducing 
Emissions from Deforestation and forest Degradation (REDD).

The method used in this article is the project experience of LEAP-RE: 
WP14 and literature review by scientific analysis for mapping policies 
and giving policy recommendations as well developing Roadmap 
2025–2029. The novelty of this research is that the EVs identified in 
Africa are unique and differ from EU EVs. The significance and con
tributions are the identification EVs in Africa; contacting them; ana
lyzing and calculating the energy potential and consumption and 
mapping out the Roadmap 2025–2029 for EU projects as well as giving 
examples to developing nations and recommending policies. The main 
conclusion is that EVs can supply more than 100% of their own energy 
needs using local RE to overcome the energy shortage. Practical im
plications for society is that giving a long-term Road map for EV pro
jects and identifying and recommending policies for African nations. A 
limitation of this article is that the given roadmaps are specific to each 
country and cannot be generalized even in African counties because of 
the fact that each nations or EV are unique.
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