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Off-grid electrification in Rwanda
Navigating the Landscape - Challenges and Opportunities in Rwanda’s Private Off-
Grid Solar Energy Sector
Victor Creutz & Elias Gustafsson
Department of Space, Earth and Environment
Chalmers University of Technology

Abstract

Access to modern energy remains one of the most pressing development challenges
in Sub-Saharan Africa, with nearly 600 million people still lacking reliable electricity.
Rwanda has made significant progress in rural electrification, in part through a growing
off-grid solar photovoltaic (PV) market. However, the diffusion of such decentralized
energy systems is shaped by a complex interplay of market, institutional, and socio-
technical factors. This study investigates the enabling environment for the off-grid solar
PV transition in Rwanda, with a particular focus on the private sector’s role. To analyze
this dynamic, the study looks through the theoretical lens of an adapted Technological
Innovation Systems (TIS) framework that incorporates system functions relevant to
developing countries. The data collection was carried out through semi-structured
interviews with key actors in Rwanda’s off-grid energy sector, primarily including
companies, but also institutional experts and a user.

The findings reveal a sector in phase transition. Over the last decade, the solar PV sector
has gone from a niche and early diffusion stage, into an artificially stabilized market
through subsidies, characterized by consolidation of companies. The most prominent
drivers behind this growth include Pay-As-You-Go models, rising solar legitimacy,
and supportive government-targeted subsidies for private sector involvement. Yet,
key barriers have remained or emerged: declining subsidy support, shifting grid
expansion projections and limited affordability in rural areas. The companies are
responding to the barriers by diversifying their business models into clean cooking
and solar water heaters. Despite these challenges, the solar companies themselves
have an optimistic mindset about the future, as economic growth and technological
development is deemed promising.

Keywords: Off-grid, Rural, Electrification, TIS, MLP, Private sector, Private companies,
Policy, Solar energy, Solar PV.
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1
Introduction

Universal access to electricity has become a reality for many countries across the globe
in recent decades. However, as of 2024, one billion people across the world live without
this basic service. In Sub-Saharan Africa (SSA) alone, about 600 million people lack
access to electricity, mostly in rural areas [1, 2, 3]. Africa has a large rural population
and receives high levels of sunlight, holding 60% of the world’s best solar resources.
However, with only 3% of its electricity currently generated from solar PV, solar energy
has significant potential to provide sustainable power to underserved households.
[3, 4, 5].

1.1 Background

The challenges related to electricity access is addressed in the United Nations Sustain-
able Development Goals (SDGs), particularly Goal 7: Affordable and Clean Energy.
The aim of Goal 7 is to ensure access to reliable, sustainable, and modern energy for all
by 2030. Furthermore, assuring renewable energy access aligns with Goal 13: Climate
Action, by reducing dependence on fossil fuels and mitigating carbon emissions [6].
Coal, natural gas and oil together account for around 60% of Sub-Saharan Africa’s total
electricity generation capacity in 2023 [7]. At the same time, the region is experiencing
rapid population growth, with projections suggesting almost a doubling in population
from 1.26 to 2 billion by 2050 [8]. The population growth will place immense pressure
on existing energy systems, making sustainable electrification an essential priority for
achieving universal electrification, climate goals and supporting economic growth.
Unlike most industrialized nations that built their economies on fossil fuels, countries
in SSA have the opportunity to leapfrog the carbon-intensive development [9]. For SSA
with its large potential for solar energy, this opens up valuable possibilities [4].

1.1.1 Socio-economic and environmental benefits of Solar Energy

The socio-economic benefits of electricity access are well documented. In a report from
GOGLA1 in 2019, the implications of electricity access in five2 East-African countries

1The report highlights the positive impact of off-grid solar energy in East Africa, improving income,
job creation, and quality of life for low-income households. GOGLA, the global association for the off-
grid solar energy industry, supports its members in delivering affordable solar solutions to underserved
communities

2Uganda, Rwanda, Kenya, Tanzania & Mocambique
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1. Introduction

show significant benefits for the people in most need [10]. These households are often
rural and in the lowest income levels, where 59% of households earn less than $3.20 per
day. The report shows promising results in economic activity, as 34% of households are
more economically active 15 months after installation. Mukisa et al. (2022) conducted
an economic benefits assessment on Solar Home Systems (SHS)3 in 11 SSA countries,
and the findings suggest an annual energy expenditure savings of 46.04% and 29.79%
for SHS kit on the cash and PAYG (Pay-as-you-go) approaches respectively [11]. Ad-
ditionally, 94% of respondents report they feel an improvement to their quality of life
and 89% report their health has improved as they no longer need to use dirty lighting
alternatives [12].

The reliance on biomass for East-African countries such as Rwanda (88 %), Kenya
(75%) and Ethiopia (91%) of their total energy use, shines a light on the potential envi-
ronmental benefits renewable energy can have [2]. Reducing the reliance on biomass
fuels such as wood and charcoal helps combat local deforestation, which has several
environmental benefits in itself, such as preserving biodiversity, increasing carbon
sequestration, regulating water cycles, and combating erosion [13].

The avoided annual household GHG emissions by acquiring a SHS kit was recorded in
the range of 19.51-199.29 kg CO2-equivalents (eq) [11]. The upper boundary of 200 kg
CO2 eq per person is roughly equal to the emissions from one short-haul flight. While
the impact per household may seem small, electrifying 600 million people collectively
represents a significant climate impact. Conversely, the exponential increase in solar
products in SSA puts pressure on recycling capabilities. Kinally et al. (2022) highlights
that the 545% (12,000 tonnes) increase in solar junk in the region have extremely severe
environmental consequences [14]. The formal waste managements initiatives are failing
to address the majority of waste flow due to informal practices, inadequate legislation
among other factors. While solar holds clear potential, its implementation on the
ground relies heavily on the actors involved.

1.1.2 The role of Private companies

In many SSA countries, expanding the national electricity grid is a key strategy to
increase energy access. However, despite these efforts, a large number of households in
rural areas are unlikely to be reached in the near future, mainly due to high infrastruc-
ture cost, scattered population densities, and other causes related to cost-effectiveness
[15]. Hence, off-grid technologies such as SHS or mini-grids becomes the most viable
option. Private solar-energy companies have in several SSA countries been provid-
ing great numbers of households with electricity, with or without support from local
governments. In Rwanda for example, 24.8% of the population have electricity access
(depending on definition, see 1.5) through off-grid energy (mostly solar) [16]. Even if
off-grid solar energy is getting increasingly affordable and efficient every year, there is
still a substantial challenge with affordability in rural areas of SSA. These challenges
are in depth presented in section 1.5.3.

3System with a power output of around 3-50Wp
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1. Introduction

Moreover, the private companies’ role extends far beyond technical service provision.
While electrification through SHS and mini-grids could be provided by governments,
there are benefits to allow private companies to enter the market. In SSA, private
companies are generally involved across the entire domestic value chain. They import
solar PV equipment mainly from China, design distribution and service networks,
recruit and train staff, and develop local partnerships [4]. Additionally, the companies
are operated by local entrepreneurs or international firms, whose coexistence enables
the development of adaptive capacity4 through business symbiosis. By co-existing, they
compete for users, which help lower prices and diversify available solutions [2]. As a
result, they may be more effective than governments at delivering affordable products
to consumers. Although emerging technologies are in need of governmental support
in the initial phases, companies are crucial in creating long-term sustainable markets.
Beyond electricity access, the private sector contributes to boosting local economies.
Not only has the sector potential to create half a million new jobs in SSA, it also shows
significant progress in raising female employment [17]. Additionally, private firms
are not passively participating in the energy ecosystem. They actively engage with
policymakers for favorable market conditions. This includes advocating for import tax
exemptions (common in SSA), streamlined licensing procedures and enforcement of
quality standards to protect market from opportunists [18].

Private companies are dynamic forces driving the off-grid solar market in SSA. Playing
a role by proving essential technology and services, innovate against affordability
challenges, stimulate economic growth and provides marginalized families and com-
munities opportunities to increase their standard of living. Understanding their role
and how it has evolved is essential for this study. In this context, the ”role” of pri-
vate companies refers to their contribution to the development and performance of the
Technological Innovation System (TIS) functions. This includes not only delivering tech-
nology, but also shaping markets, mobilizing resources, and influencing institutions,
policy, and user behavior.

From hereon, the Technological Innovation System (TIS)5 framework is used as an
analytical structure, looking through the theoretical lens of TIS to understand how these
factors influence the development, diffusion, and impact of off-grid solar technologies in
rural electrification. TIS allows for a holistic analysis of the system and help identifying
drivers and barriers within different areas (called function in the framework) relevant to
the diffusion of a technology [19]. These functions include: (1) entrepreneurial activities,
involving projects and experiments by existing actors; (2) knowledge development
and (2b) adaptive capacity, covering research, patents, and building technical and
institutional skills; (3) knowledge diffusion, through workshops, conferences, and social
media; (4) guidance of the search, with government or industry setting regulations
and targets; (5) market formation, supporting new technologies with incentives like
tax breaks and feed-in tariffs; (6a) resource mobilization through domestic sources
such as government R&D funding and subsidies; (6b) resource mobilization through
international loans and grants; (7a) creation of legitimacy via formal lobbying by
established groups; and (7b) informal lobbying through changes in public opinion and

4Human (level of technical and higher education), organizational, and institutional capacity to receive
new technology

5TIS is explored in depth in chapter 2
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1. Introduction

social media support. These are in depth explained in the "Conceptual Framework"
chapter, see chapter 2. In this study, rural electrification using solar PV is the defined TIS,
and the ‘role’ of private companies is framed as their contribution to the development
and performance of these system functions.

1.2 Aim

This study examines how private solar PV off-grid companies contribute to universal
electricity access, in a developing country context. The aim is to analyze key factors
that have shaped the solar PV sector and the private companies involved, as well as
what roles the technology and companies have played in the efforts to provide access
for all.

The objective is to analyze how the private solar PV sectors involvement is shaped
by policymaking; key stakeholders; grid extension; technical, financial and market
development. Furthermore, the objective is to identify drivers and barriers affecting the
diffusion of solar energy and the private companies in rural electrification efforts. The
third objective is to understand how the private companies have adapted and reacted
to these factors, drivers and barriers.

1.3 Research questions

In order to achieve the aim of the study the following questions are to be examined and
discussed:

1. How has factors including policymaking; key stakeholders; grid extension; tech-
nical, financial and market development shaped the private solar PV sector and
the role it plays in rural electrification efforts in SSA countries?

2. What key drivers and barriers, impacting the diffusion of private solar PV sector,
can be identified?

3. How have private solar energy companies adapted and reacted to the shaping
factors and the sectors drivers and barriers?

1.4 Scope & Delimitation

The scope of the study will be defined in terms of geographical-, sectoral- and stake-
holder delimitation. This section will also mention the decided delimitations of the

4



1. Introduction

study. The study uses a holistic perspective and theoretical framework which aims to
map and understand the whole system. Even if this helps to understand the full picture
it also limits the level of detail.

The study is interested in rural electrification of developing countries (more specifically
SSA countries), but will look more closely at Rwanda to investigate this. Rwanda is
chosen as a focus due to its rapid progress in electricity access in recent years, much
of which has been driven by off-grid solutions and the private sector [16, 20]. Solar
irradiation in Rwanda is also representative of the SSA region, while they excel in
indicators such as "ease of doing business" [21, 4, 22]. This could offer insight into the
potential for solar energy in Sub-Saharan Africa within a (relatively) politically stable
and business-friendly environment. The conclusions from this study, even though they
are from the specific context of Rwanda, could have relevance for understanding the
development in other countries, especially in East Africa. While the focus is on Rwanda
specifically the sector transcends the borders of Rwanda since many of the important
actors operates internationally.

Solar energy and more specifically, solar PV, has become a relevant technology to
apply in off-grid scenarios, due to decreasing cost together with high potential of
solar energy in SSA [7, 2]. Therefore, the sectoral focus of this study is on solar PV
technology, primarily SHS and mini-grids. However, in order to map the system in a
holistic manner other parts of the energy sector will have some importance, including
alternative technologies both up-stream and down-stream from solar energy. Other
up-stream technologies for providing electricity is grid-extension or hydro mini-grids,
for example. Alternative down-stream uses of solar energy is also connected, such as
using solar to heat water, for agricultural irrigation or to power cold storage.

The stakeholders in focus are companies involved in off-grid electrification through
solar energy and government agencies connected to the energy sector. Less attention
will be given to individuals and larger electricity users (industries). The private sector’s
innovative capacity positions it as a key actor in addressing challenges in rural electrifi-
cation. International companies, NGOs and international actors are not strictly within
the national boundaries of Rwanda but play important roles and are therefore included
in the study. Data collection was planned to fit the time frame of this study, meaning
the study chose to focus on a selection of the private solar PV sector in Rwanda. The
same limitation applied to policymakers. To minimize this delimitation, the aim was
to collect data on different types of companies, such as local or international, and SHS
retailer or mini-grid developer.

Hence, the case used in this study is the off-grid solar PV sector in Rwanda, with a
focus on private companies. Mainly private companies dealing with SHS and mini-grid
will be in focus.
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1.5 Literature Study

This study builds on themes and gaps identified in existing comprehensive literature on
the topic of electricity access in developing countries. Therefore, a literature study of the
current state of research is presented. An overview of previous research using similar
methodological approaches, theoretical lenses, with the purpose of understanding the
interactions between policymaking and private sector in the realm of rural electricity
access. The structure follows key topics identified in the literature—electricity access,
technological development, affordability, governance, social factors, gaps in the lit-
erature and lastly current trends—chosen to reflect the main barriers and drivers of
off-grid solar PV diffusion in SSA. To ensure a coherent narrative, the relevant TIS
functions addressed in each subsection are presented in cursive at the beginning of the
section, and for more information about TIS, see chapter 2.

1.5.1 State of Solar PV

TIS: Knowledge Development (F2) & Diffusion (F3), Market Formation (F5)

Solar photovoltaic (PV) has seen rapid growth in the last decade. In the mid 20th
century, it started out as a niche technology for small markets such as space explo-
ration and military applications. However, solar PV eventually reached legitimacy
and approached technological maturity through the early 1990s subsidy program in
Germany. This was among the first policy interventions to support the expansion of
solar PV deployment. Through the "Stromeinspeinsungsgesetz" in 1990, which man-
dated utilities to purchase electricity generated from renewable sources, including solar
PV at a fixed price, solar PV sales surged [23]. This resulted in a secure investment
environment in Germany, which facilitated the creation of a robust value chain from
silicon ingots to modules. The German FIT (Feed In Tariff) model became a template
for other developed countries to adopt. It also laid the groundwork for developing
countries to follow suit, around two decades later. As global demand has surged and
Chinese manufacturers scaled up with lower costs, production shifted to Asia [24]. This
shift led to more affordable solar panels globally and, with that, increased adoption,
and then a strong positive feedback loop had started.

This feedback loop can also be explained as a learning curve, meaning that with every
doubling of installed solar PV, the cost decreases by a certain percentage. The learning
rate for solar PV varies among scholars, but it generally falls withing a 18-24% range
[25]. By combining data from IRENA in 2025 [26], with a learning rate of 20% we can
find a cost of installed solar PV in USD per kW. In 2010, one kW of solar PV cost around
USD 4700, while in 2024 it was USD 1464 due to the 18 times greater installed capacity
of solar [27]. Additionally, the efficiency of commercial mono-crystalline wafer-based
silicon modules - the most common solar PV - increased from about 16% to 22% over
the last 10 years [28]. And this loop is still reinforcing as there is fierce competition
among solar producers in China, as well as the global installation of solar increases
every year [29].
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Conversely, these projections are based on the globalized economic order that have
existed after the cold war. With the growing geopolitical tensions that shows signs of
protectionism, it creates risks that impose disruptions in complex supply chains. As
a result, increased production costs and slowing of the global diffusion of affordable
solar technologies in the long-term. The last time tariffs on imported goods, such as
solar PVs from China, were the most talked-about subject was during Donald Trump’s
first presidency. According to Agyapong (2025), this initially created a drop in prices of
solar PV, which was fortunate for African retailers [30]. However, the drop lasted only
for a short time, which retailers were not able to utilize. As another global trade war is
unfolding under President Trumps second presidency, there is no evidence supporting
that the prices will drop for a long period this time either. Unless governments can
facilitate faster due diligence and funding approvals, which could help retailers take
advantage of short-term price windows [30].

Even though the technological development of solar energy is promising, there are
some evident technical and environmental limitations that need to be addressed such
as only generation during daytime. During these daytime hours, the households need
for electricity is generally small. Hence, the solution to these issues becomes investing
in energy storage solutions. In SHS packages these are typically included, but as the
systems get bigger the affordability of energy storage diminishes [31]. The solution then
becomes fossil dependent solutions, as it provides the most cost-efficient solution today.
Additionally, the efficiency of solar PVs are affected by environmental conditions such
as high temperatures. High temperature and prolonged heat stress can also accelerate
the wear and tear of the products [32]. In large parts of SSA there is significant rainfall
annually, and with that comes humidity, which also can affect the efficiency of the
solar panels [33]. Lastly, as solar systems are new to the continent, there is yet to be
sustainable end-of-life disposal [14].

1.5.2 Solar Energy in Sub-Saharan Africa

TIS: Creating Adapative Capacity (F2b), Guidance of the Search (F4), Market Formation (F5)

Although Sub-Saharan Africa holds vast solar potential, only 3% of the electricity
on the continent is generated by it [5]. However, with the diminishing cost of solar PV,
the sector has seen a dramatic increase over the last decade. Since 2013, the electricity
generated from solar in Africa has increased from 0.75 TWh to 30.24 TWh in 2023 [34].
According to Global Solar Council, Africa’s solar market is set to surge with 42% in
2025. And by 2028, the continent is expected to double the current installed capacity
[5]. The potential for applying solar energy technology in SSA is high but manufac-
turing capacity is very low. According to the African Development Bank (2024), the
solar modules produced on the continent are 10-12% more expensive than the Chinese
competitors [35]. SSA are however not alone here, since China produce around 80-85%
of all solar modules globally [36]. Almost all solar panels are therefore imported, and
there are different ways to commercialize solar PV (see table 1.1).
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The World Banks multi-tier framework (MTF)6 aims to specify at what level an ad-
equate amount of electricity has to be provided to meet the minimum requirement.
These standards were set to 800 Watt peak (Wp, referring to PV powered systems),
nevertheless, the most common solar PV systems bought in SSA are the so-called Solar
Home Systems (SHS), that come in different capacities (see table 1.1), but the most
common capacity is at 50 Wp or less [38]. These systems only meet basic electricity
need, such as lighting and charging mobile devices, see figure 1.1.

Since services like lighting and charging mobile devices also provide benefits, the multi-
tier framework helps to show that access is not black or white, it is a spectrum. Thus,
it is a matter of definition. In the country of Rwanda for example, there is no lower
limit of peak power but rather a list of needs that should be filled, including three lights
for 4 hours per day; 2 hours of mobile phone charging and 5 hours of radio supply
[39]. To satisfy these needs a system of 20 Wp or more is required. Understanding
how electricity access is defined is crucial for measuring progress and work towards
meaningful goals. It also serves as tool to design appropriate market solutions and
policy frameworks that align with users real energy needs and capacities.

Productive use (PU) is also a concept that has become increasingly popular and refers
to systems producing power that increases productivity [40]. This often refers to larger
stand alone system and C&I-systems for hospitals or companies. However, this is also
a matter of definition since smaller systems (e.g. 50 Wp) technically also could be PU, if
it results in increased productivity and economic activity [41].

6The Multi-Tier Framework (MTF) assesses energy access across a spectrum of service levels, from Tier
0 (no access) to Tier 5 (highest level of access), considering factors such as capacity, duration, reliability,
quality, affordability, legality, convenience, health, and safety [37].
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Table 1.1: Market segments for solar PV systems and their characteristics. Installed
capacity values refer to typical system sizes. Wp: Watt-peak, kWp: kilowatt-peak, MWp:
megawatt-peak. [42, 43]

Market segment Market characteristics Installed capacity
/ size

Owners and buyers

Small pico-systems:
solar lanterns, LED
lamps, solar chargers

Lighting and charging of batteries
and mobile phones in mainly
non-electrified areas

1–10 Wp Private (over the
counter) consumer
devices

Solar home systems
(SHS)

Off-grid electricity demand in private
homes in dispersed settlements, in
smaller non-electrified villages and
on the outskirts of electrified towns
and villages far from existing
distribution lines

10–100 Wp Residential SHS
(private households),
ESCOs

Stand-alone
‘institutional PV
systems’

Institutions located in villages
without grid or mini-grid, or on the
outskirts of grid-electrified villages

50–500 Wp Government/municipal
procurement for
public institutions
(schools, hospitals,
health clinics)

Commercial and
Industrial (C&I)

Grid-tied or hybrid solar PV systems
installed at commercial or industrial
sites to offset electricity costs,
improve energy reliability, or meet
sustainability goals. Includes offices,
factories, hotels, retail, and
agro-processing facilities.

0.2–15 kWp (small
businesses) to 1

MWp+ (industrial
users)

Private sector clients
(e.g., businesses,
factories, hotels), often
through models like
PPA or EAAS

Mini-grids (e.g. hybrid
PV-diesel)

Villages and towns located far from
existing grid

5 kW–1 MWp Utilities, cooperatives
(community-based),
ESCOs (village
electrification projects)

Large-scale,
grid-connected PV
systems

Expansion of production capacity in
existing grid

1–50 MWp Utilities, IPPs (incl.
foreign investors)

Figure 1.1: Overview of typical service level by system size [12]
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1.5.3 The Affordability Challenge

TIS: Market Formation (F5), Resource Mobilization (Domestic (F6a) and International (F6b)),
Adaptive capacity (F2b)

For a long time, providing electricity to the most remote parts of Sub-Saharan Africa has
been considered a major challenge. However, as explained in the previous subsection,
the challenges have over time evolved into opportunities [25]. The main issue with SHS
is however not the technology itself, but rather the issues with low purchasing power.
According to a recent report from the Stockholm Environment Institute, between 2013
and 2023, wind and solar PV energy in SSA increased by a factor of 16, excluding the
biggest actor South Africa[44]. Through many years of political turmoil, pandemic,
inflation and public debt, utility-scale projects are being initiated. According to the au-
thors, a roughly installed cost of $1 per watt, the progress since 2013 across SSA would
amount to an investment of around $350 million a year, a figure that is insignificant in
the global climate change budget, but with enormous positive effects [44].

In SSA, many businesses are funded by capital in foreign currencies like US dollars or
euros but generate revenue in local currencies, which creates uncertainty. In SSA many
currencies are depreciated, especially in uncertain times, which reduces the companies
ability to manage inventory, repay debt, and attract capital. To address this, an article
by Acumen (2024) calls for more affordable, local, and equitable financing options,
including shared hedging7 costs between investors and investees, a broader range of
hedging products, and structural solutions from development banks. Among the barri-
ers that needs to be collectively addressed are the increased cost for hedging, limited
access to local currency debt and solutions are not accessible to smaller companies —
as existing solutions are mostly available for well-established companies [45].

Pay-As-You-Go (PAYG) has gone from a technological niche to a widely diffused
technology enabled by the co-development of mobile money infrastructures and di-
minishing costs of solar panels. Among the reasons for its popularity is the function
of breaking down payments over time, which provides the possibility of paying for
electricity in small amounts. Customers who use PAYG is more willing to continue
their use of SHS since it provides a greater flexibility, as they only need to pay when
they can afford it [38]. There is also a safety for the SHS providers as they can remotely
lock the technology if the payments are due. Even though the PAYG model has shown
promising, there are some risks associated with the technology as its underway reaching
a dominant design. Among the identified risks of PAYG are the longevity of SHS which
lasts for two to ten years depending on the system quality and size, and secondly, the
exploitation of user data [38]. Perros et al. (2024) who identified these risks, suggests
that regulators should ensure that PAYG providers offer repair services and access to
high-quality replacement parts to increase the longevity of SHS. Additionally, gov-
ernments should put emphasis on data protection, potentially drawing insights from
the EU’s General Data Protection Regulation to stimulate greater transparency and

7Hedging is a risk management strategy used to offset potential losses in investments by taking
an opposite position in a related asset. It helps protect against price fluctuations in markets such as
currencies, commodities, or interest rates.
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responsible data-sharing between parties. Lastly, they bring forward some evidence
of indication that PAYG may not be suitable for the low-income households and most
isolated users. Additionally, to understand the inefficiencies associated with PAYG,
Mergulhao et al. (2023), brought forward some interesting data-driven results regarding
the payment patterns of SHS users. One-size-fits-all approach creates inefficiencies and
may stagnate the adoption of SHS, therefore tailored plans should be considered in
order to increase the payment performance [46]. The tailoring is affected by regional
institutional and cultural differences, where governmental support of the private sector
becomes crucial.

As an alternative to investment from formal institutions or large investors, ordinary
people can come together in good-will, and invest in projects that matters. This form of
investing is called crowdfunding (or crowdlending), and it is a growing segment that
facilitates funding for many sorts of projects, Renewable Energy Technologies (RET)
included. In the recent Mangudhla et al. study from 2025, the authors explore how
crowdfunding can support green innovation and renewable energy use in Africa, where
limited funding and infrastructure are major challenges [47]. In the case of solar PV
investments, project owners—such as homeowners, solar leasing companies, or com-
munity groups—list their solar PV projects on a crowdfunding platform. Individuals
can then invest in these projects, motivated either by the prospect of financial returns,
environmental impact, or both. The funds raised are used to install and operate solar
PV systems, and returns to investors are typically generated from the sale of electricity
or from savings on electricity bills. Using econometric methods — meaning applying
statistical tools to analyze economic data and identify relationships — the results show
that crowdfunding can help boost both renewable energy consumption and green
technology, though the effects vary depending on the context. To strengthen these
efforts, the study suggests improving internet access so more people get introduced to
crowdfunding, especially in remote areas. It also highlights the need to align education
with renewable energy industries needs through hands-on training and partnerships
between schools and businesses. Supportive policies, such as tax incentives and clear
regulations, are also key to attracting investment and making clean energy projects
easier to launch [47]. Economic factors alone don’t determine outcomes, policies, regu-
lations, and institutional dynamics play an equally critical role in facilitating successful
off-grid initiatives.

1.5.4 Policy and Governance for Off-grid Electrification

TIS: Guidance of the Search (F4), Creation of Legitimacy, Formal (F7a) and Informal (F7b)
Lobbying

Most countries in SSA need to undergo structural changes to the energy sector to reduce
the barriers to renewable sources. The most prominent domains that needs this trans-
formation are institutional, economic and legal domains. Notably, as suggested by the
2024 Nobel Prize laureates in economics, the legacy of colonial powers in sub-Saharan
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Africa has resulted in weak institutions that have significantly hindered progress in
areas such as electrification, as these institutions often prioritized exploitation and left
long-term barriers to economic development and infrastructure growth [48].

A recurring theme in the enabling of technological transitions is about the appro-
priate balance between state involvement and market driven innovation. Although
both models have obvious advantages, existing research suggests that neither extreme
is the best strategy. A hybrid solution tends to result in the best long-term solution. The
reason being the combined benefits of the state playing an enabling role and setting
goals to work towards, whereas the private sector provides innovation, adaptability
and scalability. In a comparative study of Tanzania and Mozambique, Ahlborg and
Hammar (2014) investigate the institutional drivers and barriers of state-led electrifica-
tion strategies [49]. They find that even when governments are highly involved in the
electrification progress, it all comes down to institutional capacity. If its weak, state-led
electrification strategies tend to become inefficient, overly bureaucratic, and vulnerable
to political cycles. In the context of South Africa, Baker and Sovacool (2017) highlight
how over-centralized, state-led and dominated energy policies can unintentionally
inhibit the innovative and entrepreneurial activities [50]. Their results point out that
even though centralized planning may secure short term energy access targets, it often
dismisses the long-term needs of their new customer base. Eberhard and Gratwick
published a study in 2011 on electricity sector reform and private investment on In-
dependent Power Producers (IPPs) 8 in SSA [51]. Even though their insights were
presented early on in the renewable energy transition, it is still of relevance today. They
suggest that when governments act as strategic enablers with a clear and facilitating
role, not as micromanagers, long-term sustainability can be reached. Long-term goals,
regulatory consistency, transparent and predictable investment climate and de-risk
private investment will build investor confidence, attract capital and support an inno-
vative ecosystem. However, it always depends on the context of a country, where the
geographical, institutional, and cultural barriers and opportunities varies greatly and
have to be taken into consideration.

Regulatory uncertainty is among the greatest challenges for solar PV companies in
SSA. This is in line with Ahlborg & Hammar (2014) who showed that in state-led
electrification efforts, weak institutional capacity can lead to inefficiency, instability and
vulnerability to political cycles [49]. When the electrification projections is repeatedly
changing, the businesses have difficulties adapting. According to a study by Gungah
(2019), this development have occurred in Nigeria, where the energy industry is man-
aged by a maze of regulations that provide opportunities for interpretation and generate
uncertainty. While various policies may look comprehensive and well-intentioned,
there is a disconnection between talk and action. Gungah further highlights that the
modest impact of these policies are due to implementation bottlenecks, policy inconsis-
tency and inadequate funding [52].

The subsidy program for rural solar PV adoption in Bangladesh was among the earliest,
and is considered a success story. The universal challenge with a high upfront cost for
investment was tackled through a successful government program. With PAYG system,

8IPPs are bigger solar systems also known as mini-grids or micro-grids that can sell the additional
electricity produced
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micro-financing loans and thoughtful capacity building to increase the legitimacy of
solar PV technology. Especially the focus on capacity building paved the way for a
boost to the local economy. An ecosystem of vendors, educators, and technicians was
created, which illuminates the powerful force that decentralized energy production
can have on creating meaningful employment, fostering a path towards several sus-
tainability goals. According to Sharif & Mithila (2013), the early lessons learnt from the
case of Bangladesh, which served as a guiding light for similar programs in developing
countries are [53]:

• Subsidies are unlikely to lead to sustainable markets unless they explicitly create
the conditions whereby they are no longer needed (i.e., smart subsidies).

• Subsidies can be used effectively to build up initial market volume, local exper-
tise, user awareness, appropriate technology adaptation, quality standards, and
entrepreneurial activities.

• Subsidies are more effective when tied to operating performance rather than
investment. (Conversely, investment-focused subsidies may exacerbate over-
investment in state-owned entities (SOE), as SOEs often prioritize political goals
over market efficiency)

• Continuing subsidies may always be needed for poorer segments of the popula-
tion.

For more context on policy and governance, see section 2.3, with examples of east
African countries such as Kenya and Ethiopia, through the theoretical lens of TIS. Policy
frameworks may guide transitions, but their success often hinges on how technology is
perceived, accepted, and embedded within local communities.

1.5.5 Social Foundations

TIS: Creation of Legitimacy (Formal (F7a) and Informal (F7b) Lobbying, Resource Mobilization
(F6a), Adaptive Capacity (F2b)

The legitimacy of new technologies in SSA can only be understood by examining
community perceptions. These perceptions looks very different across SSA countries
due to several contextual factors. In most cases, the legitimacy of SHS and trust in
companies is driven by high quality and reliable after-sales services. Conversely, in
Burkina Faso, the opposite was observed. The products less adopted were from retailers
of quality-verified SHSs, at rates of 8%. Whereas the retailers of low quality solar PVs
were adopted at rates of 36%, possibly because both alternatives delivers the same
results the first years, but the branded were sold at a higher price [54]. They go on
to suggest that for long-term sustainability, standards and regulations needs to be
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introduced in order to reduce the number of low-grade solar products. Additionally,
Bisaga et al. (2017) suggest setting up a regulatory framework that monitors off-
grid systems. With this increased data collection, a better understanding regarding
performance would be possible.

The energy transition globally is not only about CO2 emissions, its also about build-
ing communities, gender-inclusion and self-sufficiency. The Solar Mamas project in
Zanzibar, organized by the Barefoot College, serves as a successful case and model
for these development goals. The models key components include training and em-
powerment for women from non-electrified villages with a focus of designing, as-
sembling, installing and maintaining solar lanterns and home lighting systems. The
program empowered women who were either illiterate or semi-literate, to become
solar engineers. This role enhances their status within their communities and pro-
vides them with a source of income. Since the start of this program in 2015, it has
trained over 3000 women, 200000 households, in 90 countries and is still growing [55].

Figure 1.2: Solar Home System usage over time [56]

Although the understanding of
the behavioral change associ-
ated with a transition to SHS re-
mains relatively unclear, there
are some reports that provides
initial shifting insight. Perri-
ment et al. (2025) conducted a
temporal analysis from several
SSA countries with data from
energy company BBOXX9, see
figure 1.2. The results showed
that on average, there is a 33%
decrease in daily electricity con-
sumption by the end of the sec-
ond year, in relation to the 96th
day, which is the day of peak con-
sumption. Combining the load
demand analysis with payment
data shows that this decrease in
energy consumption is observed
even in households that are not experiencing economic challenges, indicating there are
reasons beyond financial constraints for decreasing energy use when energy access is
obtained [56]. A big challenge with SHS is the way it is used. Gustavsson and Mtonga
(2005) found that within a year, SHS users learned how to avoid power cuts, though
many continued to overuse the system, which shortened battery lifetime [57]. This
challenge originates from the daily life of the people who are away during the day
for school or jobs. While the sun shines during the daytime, electricity consumption
typically peaks in the mornings and evenings.[58]. This means that households rarely
utilize the real-time energy produced in the daytime and instead drain their battery
in the evenings. Soltowski et al. (2018) discovered in their Rwandan case study that

9Bboxx is a solar energy company present in several SSA companies
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65% of the SHS electricity generated was not utilized. This provides an opportunity
to interconnect customers and form micro- or mini-grids to utilize this excess energy,
which is a solution with growing potential.

GOGLA have presented a set of Standardized Impact Metrics for the Off-Grid Solar
Energy Sector with the goal of providing a clear and consistent framework for report-
ing impacts. In their report they also present some relevant data and results. The
report highlighted the increase in economic activity for 34% households 15 months
after the SHS investment [12]. This additional work was translated into 21 full-time
equivalent employment (FTE) per 100 SHS sold, which in the long-term has positive
socio-economic impacts for the local communities. This might come as a surprise as
electricity usage seems to decrease after the 96th day of usage. It remains unclear
whether this is due to more efficient electricity use or other reasons. Taken together,
the previous sections reflect a growing body of knowledge, but also expose several
persistent gaps that call for further investigation.

1.5.6 Gaps in the literature

TIS: All functions (F1–F7)

As previously discussed, the main challenges in Sub-Saharan Africa lie not in the
solar technology itself, but in the broader socio-technical systems that support its adop-
tion and diffusion. As this study aims to map the system, identifying relevant gaps
is of importance. Based on the reviewed literature and two comprehensive reviews
on SHS in Sub-Saharan Africa, we have identified the following gaps to be of primary
importance for this study [3, 4].

• Holistic integration of private sector challenges: While various studies address
individual challenges such as infrastructure weaknesses, financing difficulties,
and policy inconsistencies, there is a lack of comprehensive frameworks that
integrate all these aspects into a holistic solution.

• Policy impact on private sector performance: The research highlights inconsistent
and poorly enforced policies as a deterrent to investment, but there is limited ex-
ploration of successful regulatory frameworks that have overcome these hurdles.

• Private sector collaboration with stakeholders: More studies are needed on how
different stakeholders — including governments, financial institutions and local
communities — can coordinate efforts effectively to drive renewable energy
adoption.

• Private sector adaptation to grid expansion: How off-grid systems interact with
grid expansion plans, including policy coordination and user transition between
systems.

In the following section, we consider recent developments in the off-grid solar sector
that reveal evolving trends in market dynamics and policy discussions.
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1.5.7 Current trends

TIS: Entrepreneurial Activities (F1), Knowledge Diffusion (F3), Market Formation (F5)

In a recent publication from the William Davidson institute, the Gartner Hype Cy-
cle was applied to the off-grid solar sector (see figure 1.3), and it seems to fit quite
well [59]. Like many emerging technologies, the off-grid solar sector surged with early
excitement, hit a reality check due to tough unit economics and operational friction, and
is now moving into a phase characterized by resilient business models and increased
demand. In the recent years PAYG solar sector have seen a downturn in investments,
caused by macroeconomic headwinds (e.g. foreign exchange volatility, supply chain
disruptions) and business model challenges. While facing some challenges, PAYG-
companies continue to provide households with first-time access to electricity which
supports inclusive economic and social development. Over the years, the companies
using PAYG have made some mistakes, such as trying to target the lowest income
customers without subsidies, and without an understanding on how to monitor and
manage customer repayment effectively [59].

Figure 1.3: A visualization of the Gartner Hype Cycle: PAYGo technology is currently
well on its way up the Slope of Enlightenment[59]. Image credit: Jeremy Kemp

However, with the rise of new AI-driven tools, increased technical assistance and
clearer benchmarks, the companies are getting smarter about credit risk. This increases
operational discipline across the sector which boosts repayment rates and more compa-
nies are reaching break-even. According to a GOGLA article in 2024, these shifts point
to a growing foundation of financial resilience [60].

In a report from Bowmans Energy, the authors suggest there is a shifting trend in
electricity access generation in Kenya [61]. Due to policy uncertainty, regulatory barriers
and financing challenges exacerbated by local currency fluctuations, a shift to off-grid
solutions has been observed. There is a growing role of Public-Private Partnerships
(PPPs) in the sector where solutions such as hybrid systems are likely to increase. In
the longer term, the increased focus on carbon credits is projected to enhance the solar
PV adoption.

Although the companies are now proving they can stand on their own feet with more
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resilience and are able to showcase results, to reach the agenda 2030 goals, they still
cannot do it alone. To quote GOGLAs final statement in the 2024 article:

"This is the moment for investors, donors and government to act with
urgency and alignment — turning ambition into delivery, and potential into
progress."
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2
Conceptual Framework

As mentioned in the introduction, this study uses the Technological Innovation Systems
(TIS) framework. Which is a holistic approach to understand the development, diffusion
and use of new technologies. In this chapter, the concept of technological transitions
will be introduced, how the TIS can be adapted to developing countries and what the
limitations are. The method will thereafter explain how the theoretical framework has
been used in this study.

2.1 Technological transitions

In a rapidly changing world characterized by high uncertainty, the need for strategic
foresight is greater than ever. Over the last decades there have emerged a number
of systemic (theoretical) approaches that serve to foremost analyze and understand,
but also to anticipate, explore and shape the future in a structured way. Among
the most well-known frameworks are Technological Innovation Systems (TIS) and
Multi-Level Perspective (MLP). Over the years these theoretical frameworks have
been refined and evolved into different spheres of the systems thinking perspective.
TIS is more technology-focused analyzing the development, diffusion, and utilization
of innovations through a functional approach which includes key system functions
such as entrepreneurial activities, knowledge development, resource mobilization, and
market formation. It emphasizes the actors, networks, and institutions that shape
technological change. These processes are usually visualized with an s-curve, see
figure 2.1. Which describes the natural evolution of a emerging niche technology with
slow initial development, rapid acceleration (diffusion) and dominant designs, and
eventual a stabilizing phase referred to as maturing stage [62]. This facilitates a better
understanding of the pace and impact innovation have over time, and when strategic
interventions may be most effective.

In contrast, MLP focuses on the interplay between niche innovations, socio-technical
regimes, and the broader landscape capturing long-term transition dynamics and
structural shifts in society. In the last decade or so, some scholars have suggested that
combining these two creates a comprehensive complementary method which results in
a holistic perspective of technological change and sustainable transitions [63].
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Figure 2.1: Typical pattern of technological transition following an S-curve. The process
is divided into stages: Predevelopment (Niche), Take-off (Diffusion), Acceleration, and
Stabilization (Maturity) [62].

2.2 Adapted TIS for developing countries

TIS is a framework that serves to map and analyze how different functions (factors) and
structural components (norms, networks and actors) affect the transition and diffusion
of a specific technology. The mapping of a technology transition is divided into several
sub-processes or functions that are related to the innovation process. TIS was originally
developed for countries such as Sweden, the Netherlands and the UK. Therefore,
scholars such as Edsand (2019) have made attempts to adapt the framework to work
better in the context of developing countries [64]. Among the key insights, the original
TIS does not fully consider socio-economic conditions of developing countries, broader
political and institutional landscape that affects technology diffusion and interaction
with existing energy regimes in these countries. In table 2.1 all functions from Edsands
adapted framework can be viewed. Edsand modifies the TIS framework to be more
applicable to developing countries by adding or modifying several of the functions and
also adding landscape factors. Below the modifications done by Edsand are presented
[64]:

Knowledge Development (F2a) & Adaptive Capacity (F2b): Beyond research and
development (R&D), it considers technological absorption capacity. In developing
countries, technology is often imported rather than created. The off-grid solar PV
sector in Rwanda is no exception, as only the assembly and distribution of Solar PV
modules occur domestically [65]. These functions can for example be measured by
looking at higher education levels, technical skills and technical education programs.
Additionally, knowledge development should assess the degree of localized innovation.
For instance, the ability of rural communities to improve battery durability or integrate
mobile money platforms into solar energy systems. Domestic repair and maintenance
industries that can support technology longevity is also important assessment, which
is generally included in a TIS analysis.

Resource Mobilization - Domestic (F6a) and International funding (F6b): The tradi-
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tional TIS framework groups all funding sources together. International grants, foreign
investments and aid play a big role in developing countries [43]. In the adapted frame-
work, these are divided, and analyzed, to measure national budget allocations and
international funding availability. Furthermore, the availability of innovative financing
solutions such as microloans, PAYG and crowdfunding platforms should be exam-
ined, since they have huge impact on grassroots levels. It becomes easier to assess the
maturity of a system when assessing the financing solutions available.

Legitimacy creation - Distinguishing between formal (F7a) and informal advocacy
(F7b): In developed countries, TIS assumes all lobbying occurs through formal industry
groups. In developing countries, social movements and informal networks (NGOs,
activists, social media) serves an important role. The importance of these two groups is
measured by tracking the public discourse alongside government policy discussions.

Landscape factors: TIS has been criticized for not including external factors (outside
the system), referred to as "landscape factors" that influence innovation. The adapted
framework by Edsand (2019) introduces six key landscape factors (LFs) that are of
particular interest in developing countries: Economic Growth, Environmental Awareness,
Climate change, Armed Conflicts, Corruption and Education Access [64]. Economic growth
affects both the demand for Renewable Energy Technologies (RETs) and the possibility
to finance it. With an increased oil price and decreased installation cost for solar, the
increased energy demand provides a greater willingness-to-pay for RETs. Meaning
that in economic growth, the number of potential investors increases. Environmental
awareness among citizens, policymakers and companies increases the support for RETs.
In the long term, this drives political will, increases demand and builds legitimacy for
new innovations. In regions with low environmental awareness there is usually less
pressure on policymakers to act sustainable. Climate change is unequally affecting the
developing countries the most, and will work as a stagnating force on GDP growth
globally. Conversely, bilateral and multilateral aid grants and loans for climate change
mitigation and adaption will enhance the resource mobilization. Unfortunately, SSA
are seeing armed conflicts on a regular basis. This has great impact on the business
opportunities within a region, as it experiences great uncertainty. In developing coun-
tries, where international aid for energy transition is crucial, armed conflicts halts these
investments in monetary and human capital. Corruption is affecting resource allocation,
policymaking and markets free role negatively. Where the short term benefits of a few
people stands in focus. This has obviously immense negative impact with regards to
technological innovation, as the trust of institutions becomes very low. Development
begins with educated people, and without equal access to education, a sustainable tech-
nological transition remains challenging. In developing countries of SSA a increased
number of people are going to primary and secondary school. But the enrollment to
university is only for a small elite. Especially in rural areas, where there is a need for
specialized human capital. Notably related to off grid solar, technicians in rural areas
are often sought after. Not only does the nations have to sustain the system, it needs to
innovate and adapt to the contextual factors of the country.
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Table 2.1: Technological Innovation System (TIS) functions including adaptations for
developing countries. As defined by Edsand (2019)[64]

Function Definition

F1: Entrepreneurial
Activities

Started and planned projects, experimentations and activities from
incumbent actors for new technology

F2: Knowledge
Development

Planned and ongoing research projects and patents filed; trends in
publications relevant to the technology

F2b: Creating
Adaptive Capacity

Human (level of technical and higher education), organizational,
and institutional capacity to receive new technology

F3: Knowledge
Diffusion

Number of workshops, conferences, or other forums (social media)
organized about the new technology

F4: Guidance of the
Search

Expectations set by government or industry for new technology in
terms of regulations and specific targets

F5: Market
Formation

Market entry assistance for new technologies (protected space
(‘nursing’), new environmental standards, tax exemptions, feed-in
tariffs, etc.)

F6a: Resource
Mobilization
(Government)

Resources allocated by government or industry towards R&D
(Human Capacity) or subsidies for the new technology (financial).

F6b: Resource
Mobilization
(International loans
and grants)

Availability, size and type (human and/or financial) of international
resource mobilization for new tech.

F7a: Creation of
Legitimacy/Advo-
cacy coalition
(formal lobbying)

Change in lobbying activities by formal and established lobbying
groups with economic and political weight

F7b: Creation of
Legitimacy
(informal lobbying)

Changes in public opinion, support and acceptance for new
technology in social media

2.2.1 Quantifying TIS in developing countries

In a study by Tigabu (2018), the adoption and diffusion of renewable energy tech-
nologies in Africa was analyzed using the Technological Innovation Systems (TIS)
framework [66]. To evaluate the functionality of TIS, Tigabu conducted a survey during
interviews with experts, to offer insights into the strengths and weaknesses of system
functions. The findings underscore the role of balanced functional accumulation in fos-
tering sustainable uptake of technologies, and highlight the contextual factors shaping
TIS development. To make sure the questions are correctly framed and understood, the
scientific language of the TIS framework should be changed to a simpler language [66].
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Table 2.2: Simplified scheme for perceived functionality assessment (created by Tigabu
(2018) [66]). Measurement scale: 0 = None / Not sufficient at all, ..., 4 = Very good /
Sufficient / Very high, depending on the function.

System Functions Description

Guidance of search Expectations on the business growth (around the
technology)

Entrepreneurial activities Entrepreneurial intensity (around the technology)

Knowledge diffusion Intensity of promotion or general awareness of the society
about the benefits of the (new) technology

Knowledge development Intensity of research and development (around the
technology)

Creation of legitimacy /
Advocacy

Intensity of advocacy activities (around the technology)

Resource mobilization Availability or sufficiency of resources mobilized for the
development/diffusion of the technology

Market formation Sufficiency of market forming incentives (around the
technology)

2.2.2 Boundary Challenges in Applying the TIS Framework

Two frequently arising limitations of the TIS approach are the inward-looking and
developed country bias challenges, which have previously been presented in the text.
The most suitable approach to address these challenges in developing countries is
to apply the TIS framework as adapted by Edsand (2019), as previously outlined.
In addition to these, there is a complex and often subjective challenge to draw the
system boundaries satisfactorily. While the framework suggest focusing on specific
technology sectors or innovation activities, it may exclude relevant inter-dependencies
or interactions outside the defined system. Connections to global technological systems,
external markets or overlapping sectors are among the sectors that may be overlooked.
This limitation is often reinforced in developing countries where innovation often relies
on international support [64].

2.3 Previous TIS analyses on Solar

There are several different ways to define TIS as a way to facilitate a clear and holistic
study. In theory the TIS for a specific technology is global in nature, however, it has
previously been modified as a national-level transition in research. In a analysis from
Hansen et al. (2015), a comparative analysis between the East-African countries of
Tanzania, Uganda and Kenya across different utilities of solar PV was conducted [43].
The findings of the study explained why the adoption was higher in Kenya through
the different TIS-functions. The five key factors defined was (i) a growing middle-class;
(ii) geographical conditions; (iii) local sub component suppliers; (iv) local champions;
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and (v) business culture [43].

Kebede and Mitsufuji (2017) differentiated between R&D and Diffusion when doing
a TIS analysis, in the case of Ethiopia [67]. The reason being that in theory these can
be associated to different phases of a TIS, where R&D belongs to the formative phase
characterized by high technological risk, whereas the diffusion phase is characterized by
high market risk. This methodology creates a clear and comprehensive TIS for the case
of Ethiopia. The authors highlight the importance of fostering innovation by creating
supportive networks, institutions, and technology diffusion. Among the barriers
to solar PV in Ethiopia are limited human capacity, weak institutional frameworks,
finance constraints and lacking coordinated policy incentives. Pointing to the efforts
of the different actors, and their shortcomings, the authors suggest appealing for
context-dependent policies and institutional arrangements capable of addressing local
conditions and support sustainable energy transitions.
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To answer the research questions of the study, data was collected through a literature
review and interviews. The collected data was then used to map and analyze the
system with the help of a TIS framework adapted to developing countries by Edsand
(2019) [64].

The study was divided into three phases. The first phase included the mentioned
literature review and interview preparation. The second phase, was the field study
to Rwanda and consisted primarily of the interviews with private companies and
policymakers in the off-grid solar energy sector. The third phase entailed the analysis
of the collected data from literature review and interviews, guided by the adapted
framework.

The different phases did to some extent run in parallel and supported each other. There
were also an iterative aspect to the process connected to refining the interview structure
and questions between interviews. This was mostly important in the beginning. The
different parts of the project is shown as a flow chart in figure 3.1.

Figure 3.1: A flowchart visualizing the process of the project. The backwards arrow
indicate an iterative processes.
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The literature review aimed to collect data on the history of solar energy, case studies
of the private sectors role in developing countries, rural electrification in developing
countries and understanding the actors and policies involved in the Rwandan energy
sector, thus mainly collecting data for research question 1 and 2. The interviews instead
focused on collecting data to answer research question 2 and 3. By interviewing
the private sector we aimed to collect data about how they view past, present and
future of solar off-grid solutions. Combining interviews with companies and experts
(policymakers and organizations) we could get multiple perspectives on drivers and
barriers related to the system.

The reason for using a case in this study — in the form of rural electrification in Rwanda
— was due to the following reasons: 1) it was deemed necessary to narrow down the
scope of the study; 2) choosing a specific country allowed us to travel there and interact
directly with the private sector and 3) visiting the region and engage with actors in the
energy sector was essential to gain a contextual understanding of the system.

3.1 Literature review

The literature review was an integral part of the study and continued throughout
the project. To ensure the collected literature remained relevant, we focused on three
sub-topics, namely private sectors role in electrification, rural electrification in Rwanda
and SSA, and transition theory. The main literature was expanded using the snowball
effect, whereby references from relevant papers were systematically traced to identify
additional studies. This was done by examining both the sources cited by an article, as
well as the sources that cited the article. Additionally, targeted searches were conducted
on Google Scholar and Scopus using keywords such as rural electrification, Sub-Saharan
Africa, TIS analysis, solar home systems, and Rwanda, combined with Boolean operators
(AND, OR) and year of publication to refine the search results. This approach enabled
us to narrow down the literature to the most relevant, up-to-date and high-quality
sources for this study.

A review of transition theory and frameworks was done to gain insights into the existing
knowledge in the field. This review then supported the analysis of the collected data. To
better fit the context in which the study took place, earlier studies on applying transition
frameworks such as TIS in developing countries was of importance. Reviewing the
literature of electrification in developing countries was performed to understand the
history of electricity access in that context. Findings were used to understand gaps as
well as reported drivers and barriers in the field of rural electrification. The review
investigated how countries experience different drivers and barriers in their strive for
increased electrification and how they have (or have not) overcome these barriers or
utilized the drivers to their advantage. The last part of the literature review is connected
to the case study, understanding rural electrification in Rwanda. Early findings of the
literature review was used as a basis for interview preparation. Literature was used
to map the energy sector in general, and the off-grid solar energy private sector in
particular.
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3.2 Interviews

The main part of the data collection was performed on site in Rwanda and consisted
of interviews with actors relevant to rural electrification in Rwanda. Semi-structured
interviews were used to allow for freedom in the interviews. The data collected from the
interviews was later used together with what was found in literature review. Literature
and interviews helped to verify or deny each other. Meeting with actors from both the
private and governmental side was important to get a fair understanding of the sector.
Users were to a lesser extent important for this project but one interview with a SHS
owner was performed to complement the views of companies and policymakers.

Semi-structured interviews fit the project well as it gave the interviewees the chance
to be the expert and talk freely while also ensuring that key questions were covered
[68]. As Leech states in [68] the knowledge you have shape the questions you ask
and thereby the answers you get. Semi-structured interviews were based on broad
open-ended questions, this allowed interviewees to more freely share their insights as
they were not restricted as much by our assumptions and questions.

When constructing the interview questions, knowledge from literature review and the
initial mapping of the system was used together with knowledge about the analytical
framework. The questions were guided by the framework but not restricted to it as
to not create potential blind spots of topics not part of the framework. Instead the
questions were made broader and open-ended. As mentioned above, the process of
writing interview questions was iterative both before interviews started and during
the period of interviews. This iterative process along with the use of semi-structured
interviews meant that the questions asked were not identical in all interviews. The
discussion points and questions that guided the interviews can be found in appendix A

Interviews were around one hour, where interesting leads were followed up on and
noted down. Notes were later cleaned and sorted into a structure guided by the TIS-
framework. This structure is the same as used to present the results in chapter 5. At this
stage the recurring statements where quantified into a tables to give an easier overview
of which and how many companies had expressed a certain opinion.

3.2.1 Interviewing companies

The first step was to map companies and private organizations relevant to the study. To
identify companies for interviews data on companies active in Rwanda were used. Data
on private solar energy companies was collected from EPDs and REGs websites1 and
provided by supervisors. By analyzing data about companies in the sector, including
their share of the market; origin; and type of products they sold, a list of companies
was created. Meeting with companies of different size, origin, product offerings and
business models was an attempt to meet with a representative sample of companies.

1EPD: Energy Private Developers; REG: Rwanda Energy Group
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Some of the selected companies could not be interviewed for reasons such as companies
having disappeared or contact information not being available. In total nine companies
were interviewed with differences in size, origin, products and business models. The
companies deemed interesting to the study can be found in table 3.1. The table shows
some characteristics of the companies, and if we met with them. The discussion points
that guided the interview can be found in the appendix A.1

Table 3.1: A table showing the identified companies. The list of products is not exhaus-
tive but focus on if the company focused on smaller SHS or larger mini-grids/C&I
(MG) as well as if they diversified into clean cooking (CC) or solar water heating (SWH).
PAYG: Pay-as-you-go; EAAS: energy-as-a-service; PPA: power purchase agreement;
EPC: Engineering-Procurement-Construction.

Company Origin Business outside
of Rwanda

Products Business
Model

Met
with?

BBOXX UK Yes SHS, CC PAYG Yes

Solektra Rwanda Yes SHS, MG, CC,
SWH

PAYG Yes

Engie France Yes SHS, MG PAYG Yes

Kolmena Rwanda No SHS, MG, SWH Yes

Munyax ECO Rwanda No MG, SWH EPC Yes

Hello
Renewables

Rwanda No SHS, CC Retail Yes

East African
Power

Canada Yes MG EPC Yes

Great Lakes
Energy

Rwanda Yes MG EPC Yes

Mesh Power Rwanda
(US)

Yes MG PAYG, EAAS Yes

Spotico Rwanda No SHS - No

BUIM LTD Rwanda No SHS - No

Off-grid Box US Yes MG PAYG No

Ignite Arab
Emirates

Yes SHS, MG PAYG, EAAS,
PPA

No

ARC London Yes MG - No

AESG Rwanda Yes SHS, MG - No

In order to get a summarized understanding of the companies subjective idea about the
state of the solar sector, from a managerial perspective, a short survey was conducted
at the end of interviews. The survey questions were based on the survey created by
Tigabu (2018) as found in table 2.2. The questions relate to the different TIS functions,
but asked in a more simple language. In the survey the interviewees were given the
opportunity to rate statements on a scale 0-4, where 0 is low and 4 is high.
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3.2.2 Interviewing policymakers

The first step was to identify policymakers to contact for interviews on the subject of
rural electrification. This was to get policymakers perspective on the subject and help
map out relevant policies and regulations. Meeting with policymakers was significantly
more difficult than meeting with private actors, which resulted in only two interviews
with this group. The first expert was at Rwanda Energy Group (REG) and the second
while remaining anonymous had experience in governmental policymaking. The
questions guiding the interviews kan be found in appendix A.2

3.2.3 Field study on site and interviews with users

To get a first-hand experience of SHS, and the users thoughts on the technology, a site
visits were planned. An interpreter was present to translate questions and answers.
When talking to the user (a family) we focused on questions about their experience,
what benefits they have felt, which products have benefited them the most, and what
upgrades they would like for the future. The specific questions can be found in ap-
pendix A.3.

3.3 Application of the framework

The adapted TIS framework, as presented in the conceptual framework chapter (see
chapter 2), guided the work throughout the study. The parts of the adapted TIS-
framework used in this study was the adapted functions and the concept of landscape
factors. Thus, the structural components and its dynamics, although discussed are not
analyzed in depth in this study. This conceptual framework enabled a holistic perspec-
tive and supported the identification of drivers and barriers, thereby contributing to
answering the research questions.

At the beginning of the study the functions from Edsand’s framework helped writing
the interview questions. After the interviews a broader version of the framework was
used to structure the results. The following structure of broader topic was used: 1)
Entrepreneurship, competition and new actors, 2) Capacity building and knowledge
diffusion, 3) Impact of Policy and Governance, 4) Market Formation and Demand,
5) Domestic & International funding, 6) Legitimacy and Social Acceptance, and 7)
Infrastructure and Logistics. The section of infrastructure and logistics falls outside
the boundaries of the TIS-framework but was included in the results since it was a
recurring topic during the interviews. This was part of keeping an open mind and not
restricting data collection to what the functions of the framework focus on.

After sorting the data into the results sections the data was used to quantify statements
that were recurring for an easier overview. First a table with all recurring statements
were made. In the analysis these were then divided into drivers and barriers. Because
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of the nature of semi-structured interviews not all of these statements were explicitly
asked about in all interviews, instead the statements represent key points often brought
up by the interviewees.

The data collected from interviews and literature review were then combined to analyze
the system within each of the TIS-functions.
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4
Case: Solar energy sector in Rwanda

4.1 Rwanda

Figure 4.1: The National flag of Rwanda
[69], and its geographical position in
Africa [70]

Since the genocide in 1994, Rwanda has risen
from the ashes to become a model of recov-
ery and development, with an average GDP
growth of 7,6% between 2004 and 2017 [2].
Its policymaking and government planning is
deemed sufficient, compared to many other
countries in the region. Rwanda is often char-
acterized by political stability, however under
a centralized and authoritarian governance
model. Notably, Rwanda ranks among the
top in Africa, according to the World Bank’s
ranking of "ease of doing business", indicat-
ing a low level of corruption [22]. This has
resulted in a high level of engagement from
foreign investors. In 2017 the World Bank
approved Rwanda’s Renewable Energy Fund
(REF) grant of 50 million USD to support off-
grid solar energy installations, as one example
[71]. In parallel, Rwanda allocates the third
highest budget to R&D on the continent, at
0.79% of GDP. However, it is far behind coun-
tries such as Sweden, with a R&D budget of
3.41% [72]. Despite that, looking forward, it’s
not all sunshine in Rwanda. In a recent report
from the World Bank, several challenges were
identified. Insufficient job creation and low
productivity levels, weakened poverty reduc-
tion momentum, high public dept levels (over
73% of GDP in 2023) and high vulnerability
to climate change were among the identified
challenges [73].
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Figure 4.2: Solar potential in Rwanda
[74]

Rwanda sees a huge potential for solar
powered electricity generation, as it sits
approximately 2 degrees south of the
equator. The daily sunshine hours are
approximately five hours per day year-
round, even during the rainy season, see
figure 4.2. This corresponds to a solar ir-
radiation capacity variation of 4,3 to 5,2
kWh/m2/day [21]. In Rwanda electric-
ity access is rapidly increasing, see figure
4.3, however, in relatively small capacity.
Electricity access is at the time of writ-
ing around 80%, where on-grid makes up
57.4% and off-grid 24.8% of electricity ac-
cess to all households in Rwanda. The
goal is set to reach universal access by
2028/29, with an increase of with 100,000
off-grid installations among households,
and the rest being covered by grid exten-
sion [20]. Another goal of the Rwandan
government is to become a high income
country by 2050. In order to reach that
target, reliable and safe electricity serves
as a top priority. The long-term strategy

has been decided to focus on the grid-extension in order to sustain a high level of safety
and reliability. However, in remote areas where grid extension is challenging and cost
inefficient, the off-grid solar PV solutions serves an important role. Even though the
number of added households which will get off-grid access is low, the long-term in-
crease in electricity capacity will have to continue, hence, serves as a long-term business
opportunity for solar PV firms.
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Figure 4.3: Household access to electricity in Rwanda from 2016/17 to 2024/25. Data
from Rwanda Energy Group which includes both on-grid and off-grid (primarily solar)
connections. [20, 16]

Until 2050, when Rwanda aims to become a high-income country, this capacity needs to
increase. There are several challenges that needs to be addressed in order to reach this
goal. Many households in Rwanda has a limited budget and spend around 1 USD per
month for lighting and charging devices. For comparison, the cheapest SHS costs 3-4
USD per month, not to mention the main barrier, which is the high initial investment
cost of SHS [75]. On the other hand, some reports suggests increased incomes after
starting businesses, with the help of SHS [75]. Effectively communicating the benefits of
solar investment, combined with well-designed financing models, can support Rwanda
in achieving its ambitious electrification targets.

4.1.1 The Rwandan Energy Sector and its actors

As of June 2024, The total installed electricity generation capacity in Rwanda is approx-
imately 406 megawatts (MW) [76]. Rwanda’s energy mix is dominated by hydropower
(37.95%), and methane gas from Lake Kivu (31.77%) [76]. The contribution from solar is
only 1.3%. Solar PV has been implemented in sizes ranging from 3 Wp SHS to 10 MWp
solar parks [77].

The Rwandan energy sector consists of several governmental institutions, private
companies, and associations. All of which are working toward the country’s goals
on electrification and renewable energy. The system includes both grid and off-grid
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solutions. In Rwanda the governmental actors are responsible for transmission and
distribution [77]. Large producing units are either governmental or private selling
electricity to the government though power-purchase-agreements (PPAs). The off-grid
areas on the other hand is were the private sector are most active.

The Ministry of Infrastructure (MININFRA) has the overarching responsibility of the
Rwandan energy sector when it comes to strategic planning and drafting of policy
[78, 79, 80]. MININFRA is also responsible for delivering on the targets set out in the
Rural Electrification Strategy (RES). Rwanda Utilities Regulatory Authority (RURA)
has the mandate to regulate four Energy sub-sectors including, electricity, renewable
energy, gas and petroleum. They are for instance responsible for setting the tariffs of
grid electricity. This is to create a reliable and just market for both grid and off-grid
with the ultimate goal to be fair to the consumers. RURA therefore influence both
grid and off-grid actors. Both Rwanda development board and bank (BRD and RDB)
are also involved in the energy sector funneling funds into the off-grid sector namely
through the renewable energy fund (REF) (more on this in section 4.1.2) [80]. The
actor that manages the generation, transmission, and distribution of electricity, as well
as the development of new generation capacity and transmission, is Rwanda Energy
Group (REG), which has two subsidiaries: Energy Utility Corporation Limited and
Energy Development Corporation Limited, responsible for the former and the latter,
respectively [79].

On the private side companies play a role in the energy sector as the off-grid sector
now provides close to 25% of electricity access in the country [16]. Energy Private
Developers (EPD) has a linking role in Rwandas energy sector. They serve as a bridge
between private companies and the government. To have such linking actors can be
important according to Bergek et al. (2008) who says that it can be challenging for a
single actor to effectively advocate for beneficial policy [19]. EPD represents over 40
private solar energy companies operating in Rwanda (and over 200 if you count all
energy companies), both inactive companies and actively participating companies in the
rural electrification program. The main functions of EPD include sector coordination,
policy engagement, advocacy, capacity building, project facilitation and renewable
energy promotion [81].

Figure 4.4 shows the actors in the sector and the dynamics between them.
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Figure 4.4: A system portraying the actors involved in the energy system in Rwanda.
It shows how on- and off-grid work in parallel and that some actors act across this
boundary [78, 79, 80]. MININFRA: Ministry of infrastructure; EUCL: Energy Utility
Corporation Limited; EDCL: Energy Development Corporation Limited; IPP: Indepen-
dent Private Producers; RURA: Rwanda Utilities Regulatory Authority; EPD: Energy
Private Developers. EUCL and EDCL are part of the larger entity REG.

4.1.2 Policy and Finance Support

Policy and funding relevant to the solar off-grid sector come in different levels, from
national policy and goals such as Vision 2050, down to specific subsidies and regulations
for off-grid solar energy. This is visualized in figure 4.5. International policy and
agreements like Agenda 2030 could also be included but are outside the scope. When
it comes to funding however, international funds have a large impact, since many
subsidies with direct impacts on solar PV are financed largely by international actors
[79]. Although International investments have been important there is also a downside
in the form of exchange rates as the Rwandan Franc has depreciated with around 50%
against the US dollar in the last 10 years [82].
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Figure 4.5: A Timeline showing the different levels of policy documents governing the
off-grid solar energy sector and related subsidies [77, 79, 80].

Vision 2050 (Replacing vision 2020) sets out national high-level objectives for develop-
ment to a high-income country by 2050 [83]. The newly approved National strategy
for transformation (NST 2) (replacing NST 1) is then meant to concretize the national
targets and take the country closer to achieving Vision 2050 [84]. NST 2 is based on
the three pillars: economic, social, and transformational governance. The Rwandan
Energy policy includes long-term goals for the sector and is the governments way to
ensure that the energy sector contributes towards the goals of the NST2 and Vision 2050
[85]. Working alongside the Energy Policy is the Energy Sector strategic Plan, which is
updated on an annual basis and sets short-term goals to support the more long-term
goals of the Energy policy. These policies have sector wide impacts and sets the overall
direction of development.

Within the energy sector there are several policies and regulations relevant to the off-
grid sector in general, and solar specifically. This includes the Rural Electrification
Strategy (RES 2016) which focuses on access for all households [78]; National Electri-
fication Plan, which governs what areas are for grid, mini-grids and SHS, [86] and
Ministerial Standards on Minimum Standards for Solar Home Systems which as the
name suggests regulates the minimum standards of SHS [39]. Figure 4.6 shows a map
of how the areas have been divided in the 2023 version of the NEP. In table 4.1 the
shares for each respective technology can be seen. In contrast to the table SHS and SHS
2023 have been merged to one group in the figure.
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Figure 4.6: National Electrification Plan 2023 [86] with an overlay of HV- and MV-lines
(LV was excluded due resulting in low visibility and these lines only extend outside of
the MV lines a very short distance). The areas are colored based on what technology is
assigned to the area. Open data from the website of REG and MININFRA was used to
make the figure.

Table 4.1: Villages by Technology assigned to them.

Technology Number of Villages Share (%)

Fill In + GE 9,664 65.2

GE Temporaly SHS 820 5.5

Microgrid 91 0.6

SHS 1,279 8.6

SHS 2023 2,900 19.6

All Villages 14,754 99.6

N/A 62 0.4

Total 14,816 100.0

Legend:
GE: Grid Extension
SHS: Standalone Solar Home
Systems
SHS 2023: Standalone Solar Home
Systems / New added scope to REF
N/A: Villages where all households
are relocated

One of the most defining policy changes in regards to the off-grid sector can be found in
the newest Energy Sector Strategic Plan (ESSP24-29). This policy changes the guidelines
from the last ESSP (ESSP18-24). The goal changes from off-grid technologies providing
48% of the households access to only 25%. Another important factor regarding policy
has been the frequent change of the NEP, which seems to be changing every year [86].
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Clear and up to date policy is important to the private sector but changing to often
could create uncertainty. It is acknowledge in ESSP 18-24 that well-communicated
plans are needed to not damage the confidence of the private sector [77].

There have been multiple financial initiatives directly supporting off-grid solar PV in
recent years where the most important so far has been the Renewable Energy Fund
(REF) [87, 88]. This project started in 2017 and finished at the end of 2024. During the
REF project five windows of subsidies were created to finance off-grid energy through
different channels.

1. Window 1 - Focused on onlending to micro-enterprises and households through
SACCOS (savings and credit cooperations). The loans were given to finance
Tier 1 or above solar systems. SACCOS are micro-financing institutes and are
considered very accessible since 90% of the population lives within 5 km of a
SACCO office [88].

2. Window 2 - The second window financed onlending to households and SMEs
through banks (commercial and microfinance) for solar systems of Tier 1 and
above. SMEs had to cover 20-25% of the total costs of the systems themselves.

3. Window 3 - Provided direct financing to mini-grid developers as loans until grants
would become available from RBF program such as EnDev.

4. Window 4 - Allowed financing through loans to off-grid solar energy companies
for selling Tier 1 or higher solar systems (and providing after-sales service).

5. Window 5 - The last window was added later to the project and consists of grants
financed by REF and EAQIP programs. These grants are meant to reduce the
costs for the end users by applying the concept of result-based financing (RBF),
meaning that the companies are reimbursed in steps when the desired results
have been produced. First disbursement is provided after the installation, second
and third after 1 and 3 years of after-sales service respectively.

As REF closed down at the end of 2024 and new sales are no longer allowed, only the
payments of already started sales remain. To complete windows 5 the last payments
will be financed through the EAQIP project which is active until the end of 2026 [89].
For the window 5 subsidy in the REF project, the percentage covered of a system is
based on households’ income levels. In Rwanda, people are classified by income level
through a system known as Ubudehe [75, 87]. The large percentage subsidies are
primarily directed towards the poorest levels of Ubudehe with the absolute poorest
receiving 90% subsidies when purchasing a SHS (with maximum subsidy of 100,000
RWF). The percentages covered for Ubudehe 1-3 can be seen in figure 4.2. REF (with
its 5 windows) seems to have been a success in terms of systems sold under subsidy.
Between March 2021 and September 2024, 476 581 SHS were sold under Windows 5
[89]

The newly introduced initiative that replaces REF is called ASCENT. This initiative is
funded both by the Asian Infrastructure Investment Bank, The government of Rwanda
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Table 4.2: Windows 5 subsidy for different household income levels [87]

Category Percentage coverage (of final
price)

Maximum subsidy (in FRW)

Ubudehe 1 90% FRW 100,000

Ubudehe 2 70% FRW 80,000

Ubudehe 3 45% FRW 50,000

and the World Bank [90]. This new Subsidy will target off-grid and clean cooking but
the majority of the funding (70%) is for grid extension.

The World Bank noted that the market for off-grid solar solutions was slowing down
as higher income customers have already been reached [91]. They continue by stating
that only 5% of the SHS were bought by Ubudehe 1 in 2018. It is uncertain how the
Windows 5 subsidy changed this.
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5
Results

Data collected from the interviews were processed and sorted into sections based on
the covered areas as presented in section 3.3. While the sections are based on the
TIS functions, the presentation allows for flexibility and is not confined to its stricter
structure. As some opinions have been expressed by multiple actors, these have been
quantified and placed in a statement table. This table is presented at the end of the
results section but will be referenced throughout the results. From hereon, companies
will simply be referred to as companies (C1-C9) while the other organizations and
experts will be referred to as experts (E1-E4). In the last part of this chapter, the
results from the company survey are presented. Conducted with the purpose to get an
understanding of the interviewees subjective view of the past, present, and future.

5.1 Entrepreneurship, competition and new actors

This section covers the characteristics of companies and market competition in terms
of products, business models and company characteristics. Many companies in the
solar energy sector are international, some with headquarters in Rwanda, but many are
working in multiple countries across Africa. A few companies are local and work only
in Rwanda, but these are generally companies with a smaller market share (with only
one exception). Interviewed companies can be found in table 3.1.

According to one company Rwanda has distinguished itself by actively promoted
off-grid and private companies to enter the market (C3). The representative continues
by saying only Tanzania comes close to Rwandas levels of facilitating off-grid. Fur-
thermore, two companies suggest that many of the smaller companies entered the
markets when the subsidies were introduced (C1, C3). However, it seems many of
these were opportunists, and not really serious long-term players (C9). In recent years
there has been a consolidation of the actors, for example where Engie first acquired the
solar energy companies Mobisol, Fenix and Power Corner and as late as 2025, Ignite
then acquired Engie. According to companies C4, C9 the competition has decreased or
remain unchanged with this consolidation.

The sector includes companies with different business models and products/services.
While most companies have specialized in either retailing smaller system or performing
engineering-procurement-construction (EPC) for bigger systems, companies have ex-
pressed they are now diversifying. As seen in table 3.1 many have diversified into clean
cooking or solar water heaters. Many companies are also looking at solar irrigation
and cold storage. Company C3 expressed that due to some smaller companies not
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diversifying in terms of products, business model or geographically this might have
affected their ability to survive. One of the interviewed experts, E1, suggested that
more support should be given to smaller companies in order to facilitate a competitive
and innovative market.

Different products, services and business models have been tried during the years
including systems between SHS (10Wp), mini-grid and solar parks (10 MWp). All SHS
are imported and two of the companies confirmed they import their products from
China (C4, C9). Most companies that retail SHS use PAYG to sell their products, but not
C4. For mini-grid and C&I these can either be bought in their entirety or the customer
can choose to enter into energy-as-a-service (EAAS) agreement with the provider. One
of the companies (C1) expressed plans of moving over to EAAS also for SHS. According
to this company it would make the solution more sustainable in the long-term since the
product would be replaced if it breaks and maintenance would be free. To quote the
representative, ”Energy is a service”. Rwanda also has a few solar parks but according
to companies C3 and C8 the government have stopped giving out permits for further
exploitation since Rwanda has enough generation and transmission and distribution is
the problem for the grid according to the government. However, system lower than 100
kWp, can still be built. The energy produced by these installations is then sold either
to the customer or to the government through a Power Purchase Agreement (PPA).
However, an important note is that when a customer purchases the solar system as a
product and not through EAAS/PPA then there is no upper limit on power (C7).

5.2 Capacity building and knowledge diffusion

Knowledge development and diffusion among users and stakeholders relates to formal
and informal education connected to the technology. Additionally, it includes learning
among companies, educating engineers and technicians as well as educating the users
in using and maintaining their system.

Company C5 mentions that early capacity building was key to the expansion of the solar
technology in Kenya. While one of the experts claim there is a deficit of technicians (E1)
and a need for closer cooperation with universities, another expert and two companies
(E2, C5, C9) show some positivity towards capacity building. The expert and one of
the companies (E2, C9) claim that the TVET-schools (Vocational education program)
have been a success in bringing more qualified skill to the sector and that finding
personnel is not a problem. The other company (C5) says that ”Batches of new students
with background in energy are coming out from university now.” and that students
in general education such as primary and secondary school also learn more about
renewable energy today. Conversely, the problem with "brain drain" was mentioned by
company C8, which refers to the work migration of skilled individuals at international
companies to Europe or the US due to better salaries and standards of living.

Several of the companies work with education in rural areas so that users know how
to use the equipment correctly. Two of the companies (C1, C9) also mention that they
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try to employ local people as technicians. One expert (E3) mentioned that there are
ongoing plans to initiate a solar mamas project in Rwanda, only the problem of funding
needs solving.

One company indicated that users seemed to be learning-by-doing since electricity
consumption increased in the first weeks after installation (C7). Their system also
brought internet to the users and after three weeks they had to double the amount of
data provided to the community since more users learned how to use the internet. This
is an example of informal education.

EPD is an actor that supports knowledge diffusion in several ways. They share infor-
mation on new technologies, funding and organize workshops to increase diffusion
of knowledge between private actors. However, none of the companies expressed
very positive or negative opinions but rather said EPD do help to some extent, while
its support was seen as modest and not transformative. One company said EPD lost
it purpose to some extent (C6). Suggesting they did not see the benefit of being a
member if you had not advantage in tenders. Company C4 means that EPD needs
more resources. They further state that they would not agree to pay higher membership
costs before they see the benefits of membership. EPD themselves say that income from
membership fees are small. When companies were asked what EPD should focus on if
they had more resources they answered: capacity building; customizing their support
to companies based on their needs and facilitate access to new technology. Things that
were working well as mentioned by one company was: networking between actors,
training for professionals, managing investors and advocacy. As ”capacity building”
and ”training for professionals” partially overlap in meaning, the interviewees seem to
disagree on what EPD does well and what they need to do better.

5.3 Impact of Policy and Governance

Impact of policy and governance covers the points related to the governments’ role
and impacts on the energy system and solar off-grid in particular. Financial support,
regulation and long-term plans and goals are among the things that influences the
sector.

Expert E3 has expressed that least cost of energy (LCOE) and the National Electrification
Plan (NEP) is what governs the energy sectors expansion and thus private off-grid has
played a role in covering areas difficult or expensive to reach by grid. Some companies
expressed that Rwanda is among the countries in Africa with the highest population
density, yet there remains a problem of people being evenly spread out (C1, C2). One
company (C2) and one expert (E3) argue that the homogeneous density of people in
Rwanda (with many small villages) makes electrification (of school and health care)
expensive.

During the interviews all companies and two out of four experts mention government
subsidies in one way or another. Mainly they talked about Renewable Energy Fund
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(REF) and the five windows included in this project as well as the new ASCENT
program (More details in section 4.1.2). Company C2 says that subsidies mostly has
focused on SHS and there has only been very few subsidies for mini-grids and C&I.
Supporting this is the fact that two companies (C4, C9) mention they only sell under
subsidy program and subsides has a large influence on what products that are profitable.
A third company (C1) also states that the subsidies enabled a lot of small unserious
players to enter the market. Expert E1 states that due to initial sales of low quality
products, quality control and after-sales service is now mandatory (However this is
primarily for sales under subsidy). Companies C1, C9 and expert E3 also mention how
the regulations on after-sales service has become stricter, especially now with the new
ASCENT program.

One of the companies (C1) lifted an idea of how the government could further help
increase rural access to electricity. They said that the tariffs for grid electricity could be
increased slightly in urban areas where people generally are richer. This extra income
could then be invested in new project in rural areas or to lower the tariffs for rural
people. At the moment the tariffs you pay instead are based on how much you consume
(C1).

Regarding mini-grids and C&I, C2 mention mostly international actors as financing
actors for larger systems. However, as mentioned in the case study (4.1.2) windows 3
was directed towards mini-grids. The two companies C7 and C2 stated that financial
support need to cover around 40% of the capital investments (CAPEX), which make the
projects barely profitable. The second company states that as much as 70% of CAPEX
needs to be covered to make mini-grids financially sustainable. There are regulations
hindering mini-grid developers setting tariffs higher than grid tariffs. Which according
to C7, is to prevent poorer people in rural areas without grid access, to be charged
more than urban dwellers. This is out of ethical reasons to not exploit the poorest. The
company means that even if this makes sense it still puts a lot of pressure on them. Two
companies (C3 and C6) suggests that government could support the sector by allowing
feed-in-tariffs for larger solar systems. Experts (E3) mention Ci-Dev which relates to
carbon credits as a recently implemented governmental support for the sector. REF, for
example, is part of Ci-Dev, where the Rwandan Environmental Management Authority
are responsible for calculating carbon offsets from previous projects like REF. These
carbon credits will be sold and the money goes back into the system in order to further
increase access to electricity and clean cooking.

Government policy and goals have been unstable according to companies C4 and C6.
For example in the NEP, areas are sorted into grid extension; temporary SHS with
planned grid extension; mini-grid and SHS. Grid extension areas are as explained by
company C2 areas that are expected to be reached by grid in approximately 5 years.
However, it could also go faster while areas that are assigned to mini-grids or SHS
are not expected to be reached in the upcoming 5 years. This is an estimate and the
possibility of the grid arriving early is an uncertainty for the companies, as this might
hinder them from earning back their CAPEX investments. Company C9 states however,
that if grid arrives to their area, they receive compensation, provided they can prove
their presence prior to grids arrival. Company C2 states there are three outcomes when
grid arrives: 1) Government buys the company’s mini-grid assets, 2) government signs
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a PPA to buy electricity from the company, or 3) the company dismantles and leaves (or
moves to a new area).

With regards to these uncertainties in policy one of the experts (E3) states that the
companies are given a draft of new policy and that the Development Bank of Rwanda
offer consultation meetings for the companies to provide their feedback. However, this
expert states that companies rarely take advantage of this opportunity.

EPD has an interesting position and role in policymaking and governance, since they
act as the collective voice of the private energy companies. With regards to policy and
governance they take part in sector coordination, policymaking and advocacy for the
technology and private sector. However, as mentioned in a previous section 5.2 there
seems to be some disagreement regarding the extent of EPDs contributions.

5.4 Market Formation and Demand

Market formation and demand is about what efforts are made to create a market and
demand for a technology by actors in the sector. Rwandas rapid increase in electricity
access has reached a transition point. The SHS market in Rwanda is in a phase of
saturation according to multiple of the interviewed companies and experts (see table
5.1). In the interviews, companies and experts has expressed that ”SHS is a temporary
solution”. One company (C3) said that they are now moving to the maintenance phase
for SHS and looking at table 5.1, we see that two shared key point are the ones regarding
a shift of direction towards larger systems and urban clients. One company state they
are focusing more now on urban areas due to purchasing power (C6) and another that
households and business in cities want to reduce their costs or have a back-up system
(C3).

Even though urban clients are increasingly important — i.e. clients that can afford to
buy systems without subsidies — one company says that business in rural areas would
still be very slow without subsidies. They go on to state that this will probably change
in the future (C5), as purchasing power increases. One of the mini-grid developers
(C8) also state that mini-grids would not be possible without subsidies. As seen in the
previous section 5.3 a large portion of the costs need to be covered according to two
of the mini-grid developers. The market for mini-grid developers have mostly been
around tenders where company C2 states that tenders floated by businesses have been
the most lucrative for them whereas tenders from the government are more rare.

Company C9 expresses that the products they sell are to a large extent governed by
what subsidies are active. Company C4 stated that they sell only under subsidy, which
implies they will shift towards bigger systems — in their case, raising the lower limit
from 10Wp to 20Wp — as the new ASCENT subsidy targets productive use of energy.
For the coming years there will be the ASCENT program but after this it is unclear
what will follow according to one expert (E3). One of the companies says that the
decreasing costs of solar hopefully means that the market can stand on its own feet

45



5. Results

without subsidies in the future (C5). However, five companies say that subsidies will
be needed for the foreseeable future for the market to survive.

Lastly, diversification is mentioned in many interviews. Companies need to diversify
into new products and markets according to C9. Several companies mention that
they have diversified from SHS and mini-grids to solar water heaters or clean cooking.
The suggested solutions for new markets have been feed-in-tariffs (mentioned in the
previous section 5.3), charging stations for EVs (Electric vehicles), bigger systems of
up to 500kWp. The problem for private companies with EV charging right now is that
when buying grid electricity to charge an EV you receive a large subsidy, making it
hard for private companies to compete, according to C6. This makes private companies
less competitive in this market.

5.5 Domestic & International funding

Domestic & International funding collects the data related to local and international
funding that has supported the sector. Mostly it is about subsidies, grants or loans that
finance products or systems due to the lower purchasing power of Rwandas population,
especially the rural population. During the interviews the companies mention several
subsidy programs, grant and financing tools that has been important for the sector.
One initiative that was mentioned by eight of the thirteen actors interviewed, was the
Renewable Energy Fund and especially the last part of the project, Windows 5 (E1, E3,
C1, C3, C4, C5, C6 and C9). E1 calls REF the most impactful support initiative. For
Windows 5 the subsidies have covered up to 90% of the cost but not more than 100,000
RWF (71 USD1) of the cost of SHS according to (C3 and C4). With the new ASCENT
program this is increased to 120,000 RWF as the focus is towards productive use (larger
systems) and has a lower limit on 20 Wp for the systems sold (C4). One company
handed us brochures showing payment plans for their 10Wp and 50Wp systems, which
helped contextualize the subsidies. The 10Wp system costs 125,000 RWF (roughly 89
USD1) while the 50Wp costs 500,000 RWF (355 USD1). This was for cash payment
where the total price for the same products with PAYG was 151,000 RWF and 737,000
RWF respectively.

As seen in figure 5.1 the statement that recurred the most is about purchasing power
and financing. ASCENT has recently replaced REF but none of the interviewees were
informed about what would come after ASCENT. According to company C1, finding
local financing solutions is crucial to create a long-term solution of funding the sector.
They mention that South Africa is an example of where this has worked well. They
explain that in order to de-risk loans to customers, the solar energy system can be put
up as collateral for the loan. This means that if the customer (household or business)
fails to pay the loans, the lenders (e.g. the bank) can claim the systems and resell
to reduce losses. They also mention SACCOs as a long-term solution for when the
subsidies are phased out, which has been tried once before in Window 1 of the REF
project. Expert E4 talks about crowdfunding and how this is a solution to funding

1As of May 2025
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projects that are deemed too risky by banks. The expert state that crowd lending is
possible for SHS but more viable for mini-grids and C&I.

When talking about long-term and local financing company C1 also mentions currency
exchange rates (FX: foreign exchange) as a large problem. C2 and E4 also express that
FX is a large problem when it comes to international loans in foreign currencies.

The number of subsidies for larger system such as mini-grids and C&I has been rather
small and funding mostly has gone into SHS according to company C2. But they have
not been without funding as they mention international entities and initiatives such as
EnDev, GIZ, Energy 4 Impact and the Green Climate Fund. Larger systems are often on
a project to project basis and are floated as tenders by government, banks or private
actors and the mini-grid developers often talk about grants and loans rather than
subsidies (C2 och C7). As mentioned in section 5.4 company (C7) states that around
40% of CAPEX needs to be covered by external funding to break even on a project. They
reason that REG should get more involved in finding funding for mini-grid developers
since governmental actors has better opportunities for finding finance. Many of the
companies have diversified into solar water heaters and clean cooking, see table 3.1,
which have seen financial support. One company (C5) lifts the SolaRwanda Program
for solar water heaters while clean cooking is included in the new ASCENT program.

5.6 Legitimacy and Social Acceptance

Legitimacy and social acceptance concern the public’s acceptance or rejection of a certain
technology. It is relevant both within the world of policymaking and entrepreneurship,
but also among potential customers. As one company states ”Everyone want modern
energy” but the mindset might still be skeptical towards a specific technology (C1).
The same company also states that a customers will always choose grid before off-grid
due to superior power provided. While this company also states that it is also due to
grid being cheaper. While some companies agree with this, other companies mean
off-grid is cheaper as seen in tables 5.1. One company (C5) says off-grid solutions
often are viewed as more expensive and another means that the subsidies from the
government have been too good. Too good in the sense that people do not believe
they themselves should pay for solar energy systems but it should be provided by
the government, according to company C4. The company states that the situation is
different in Kenya where people see solar as an investment and understand they need
to pay for it. Company C9 told us about how people living in areas with no subsides
sometimes went to a neighboring area eligible for subsides and claiming they lived
there to be able to buy SHS under subsidy.

The negative mindset is also partly because of early products that entered the market
were of low quality (E1) (before the Ministerial Guidelines on Minimum Standards
Requirements for Solar Home Systems came). This has led to companies required to
provide warranty and service for the first 3 years after purchase according to several of
the actors (E2, C1, C3, C5 and C9).
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In many of the interviewees we asked if people understand the benefits of solar energy.
One company answer this more in depth by stating some of the positive impacts
customers have told them about, including: light for children to do homework after
dark, snakes stay away from light and it allows people to invite their neighbors over for
dinner after sunset (C9). For small businesses they mentioned electricity to barbershops,
TV for a bar or cold storage to sell cold drinks. Expert E1 expressed that there is a
gap in terms of user perception and that they need more data about what has been
improved. During the field visit to the SHS user we took the opportunity ask about the
benefits they have experienced since they invested in a SHS. This user was a household
consisting of husband, wife and three kids. The wife expressed benefits to the every
day life in the form of: cheaper to charge phones at home; children can play outside
when it is dark; homework can be done at any time and with better light; cooking can
be done after dark and best of all, the radio she said. When asked about what she hopes
to purchase in the future she says TV and a clean cooking system.

However, even if the view of solar historically has been negative three of the inter-
viewees (C6, C8 and E3) say that this it is changing now. Companies give different
reasons for this changing in mindset, such as testimonials from people who went to
other countries, more educated policymakers, better education in school, more students
choosing energy oriented programs and lastly ”Then new generation grows up seeing
the beauty of the technology, it will boom in the future” (C5).

5.7 Infrastructure and Logistics

In this section collected data related to infrastructure and local and international logis-
tics are presented. When it comes to the energy infrastructure three of the companies
have said that Rwanda produces more energy than they consume but have a lack of
transmission and distribution around the country. The ASCENT program includes
investments into T&D (only a small part goes to off-grid and clean cooking) but at the
same time one of the experts (E3) has expressed that building or repairing transmission
lines is more expensive than off-grid solar energy.

Rwanda is a landlocked country which leads to logistical problems of import and
export. One of the companies (C8) state that trucks often come into Rwanda with cargo
but leave empty, which increase costs for importers. Because of the logistical problems,
company C2 indicated some interest in moving to local production of solar water
heaters in Rwanda. To mitigate the high costs of import, many of the solar products are
exempted from import taxes according to E1.

An important infrastructure in Rwanda is the digital payment they use. The technology
— that was first introduced in Kenya as M-Pesa — is called MOMO-pay in Rwanda.
This allows people to deposit money into a digital wallet and send or receive payments
using USSD commands on basic mobile phones, without requiring internet access [92].
This infrastructure works well to support the PAYG system according to one company
(C9). They say that this way of payment removes the middle man and makes payments
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safer. They also say that some of their products (SHS) are IOT and they can shut them
of remotely if payments are delayed. However, if the payment plan is followed through
then the customer owns the product. When asked about a second-hand market for
SHSs, company C4 and C9 say it happens but to a small extent only if the user is in
need of money.

5.8 Statements

Table 5.1: Quantitative summary of companies’ and experts’ (can be one person or
organization) perspectives on key points. X indicates agreement with each statement.
C and A represent the different companies and actors/experts respectively. Note that
not all of these statements were explicitly asked about in all interviews since they were
more like discussion, instead the statements represent key points often brought up in
the discussions.

Statement C1 C2 C3 C4 C5 C6 C7 C8 C9 E1 E2 E3 E4 Total

Purchasing power and financing remain the
main problems

X X X X X X 6

Subsidies are needed for the foreseeable future X X X X X 5

Foreign exchange losses are a major issue X X 2

The SHS-market is saturating X X X X X 5

Shift to larger systems X X X X X X 6

Shift to urban clients X X X X 4

Diversifying in terms of products X X X X X 5

Logistics is a significant challenge X X X 3

Electricity access increases standard of living X X X 3

The grid is cheaper than off-grid solutions X X X 3

Off-grid is cheaper than grid solutions X X 2

Off-grid will stay relevant in the future X X X X X 5

Market consolidating around a few players X X X X 4

Capacity building is working well X X X X 4

Mindset of actors and customers is changing X X X 3

EPD is working well X X 2

EPD is not working well enough X X X 3

5.9 Survey

In the survey the interviewees expressed more explicitly their views on the sector by
rating statements. Although many companies expressed saturation of the solar market
and new subsidies targeting new businesses, the overall survey results show a relatively
optimistic view. There is no doubt that the companies themselves believe that solar is
the future. They expressed many times that the benefits of solar is already a fact, and
will only get better. Suggesting it is due to the increased economic growth in Rwanda
and lower production cost of solar PV. They believe that in 5-10 year’s time, they can
stand on their own feet, without subsidies. The greatest challenges were expressed as
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the available resources and public awareness. The first function refers to the logistical
difficulties of operating in Rwanda, due to it being a landlocked high-altitude country
with low domestic production. The latter function refers to the mindset of Rwandans to
pay for their electricity. Many interviewees expressed that because of the governments
high level of intervention and support, people wait for different types of subsidies in
order to make an investment.

Figure 5.1: Survey results from interviewed solar companies. Pentagon charts showing
performance of nine solar technology companies across five dimensions. The top
chart displays the average performance across all companies, with individual scores
labeled. Lower charts show each company’s profile, enabling comparison across
business growth, new businesses, public awareness, resources available, and market
growth.

50



5. Results

Table 5.2: Functionality assessment based on Tigabu (2018), with some functions com-
bined to increase simplicity during interviews. The way the survey questions were
formulated is explained under description.

Functions Description Measurement Scale

BG: Business Growth Expectations regarding growth opportunities for
companies operating around solar technologies.

0 = None at all, . . . , 4 =
Very good

NB: New Businesses Entrepreneurial intensity and the rate of new business
creation related to solar technologies.

0 = None at all, . . . , 4 =
Very good

PA: Public Awareness General societal awareness and acceptance of the
benefits of solar technology.

0 = None at all, . . . , 4 =
Very good

RA: Resources
Available

Availability and sufficiency of financial, human, and
infrastructural resources to promote solar technologies.

0 = Not sufficient at all,
. . . , 4 = Sufficient

MG: Market Growth The degree to which market incentives and customer
demand have developed for solar technologies.

0 = None at all, . . . , 4 =
Very high
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6
Analysis

In this chapter, the aim is to analyze and discuss the data collected from the interviews
and the literature. The research questions will more implicitly discussed here and then
explicitly answered in the conclusion. The discussion is structured according to the
TIS-framework adapted to a developing country context as suggested by Edsand [64].
Although the analysis is organized into TIS functions, overlaps will occur due to their
inherently interconnected and complex nature. Given the importance of drivers and
barriers in this thesis, this part of the results has been given its own section.

6.1 Entrepreneurial Activities

This function focuses on the interests and activities that are planned or have been initiated by
companies in regards to the new technology [18].

Entrepreneurial activity in solar energy systems of various sizes have occurred in recent
years, both across SSA and Rwanda. In Rwanda this activity has been spurred by the
ease of doing business together with targeted government programs, resulting in many
companies choosing to enter the market. This is backed by one of the companies when
they say that Rwanda has distinguished itself when it comes to promoting private
companies enter the off-grid market. The majority of interviewed companies are
international and according to Edsand (2019) this reflects the internationalized nature
of early entrepreneurial activity in many developing countries, where the domestic
capabilities initially are limited [64]. According to REGs website there are 27 companies
that have signed an MOU with EDCL [93]. However, it is unclear when this information
was last updated and as earlier mentioned it seems like BUIM LTD no longer are
active while still remaining on the list. The market saw several new players when
subsidies were introduced but as the market is saturating for SHS (which has been
the target for the majority of the subsidies) some players are leaving while other are
consolidating. According to transition theorists, this is normal in later transition stages,
where the system start stabilizing and a dominant design emerges, often accompanied
by consolidation [19, 94]. While this is visible for the SHS market in Rwanda, — as the
interviewees suggest there is a convergence towards a dominate design recently — the
market still relies heavily on governmental support.

Interestingly, despite positivity towards diversification, there is a noticeable sense of
skepticism between companies retailing SHS and those specialized in EPC and mini-
grids. It does however seem as though all sizes on the spectrum are profitable (at
least for now with subsides). This mutual skepticism could be due to the different
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operational models, risk perceptions and required human capital. Where international
firms generally have broader product catalog, stable financial support and solid supply
of technical knowledge.

These trends mirror the Gartner Hype Cycle, which is mentioned in the literature
review, see 1.5. The early hype in solar PV was stimulated by generous subsidies, with
the goal of electrifying a half of the population. Now that this goal has been changed
to a quarter and is soon to be reached, the development can be said to have reached
the "through of disillusionment". Even though some companies suggest subsidies will
have to be sustained in the sector, some are also hopeful that the economic growth and
technological development will provide a foundation for the companies to stand on
their own feet. According to the authors who suggest the Gartner Hype Cycle can be
applied, the reason they see this improving foundation for the solar PV companies, is
better credit risk knowledge. C9 showed us how they monitor this, hence, this trend
seems to be happening in Rwanda. Not to mention that with ASCENT, increased
monitoring is required. And if the grid expansion is not going according to plan, its
reasonable that Rwanda will follow the trajectory of Kenya — which were introduced
in the current trends subsection, see 1.5.7 — with increased off-grid solar PV as a result.

The companies subjective view of the entrepreneurial activities shows generally favor-
able conditions. In the survey question regarding New Businesses, a overall rating of 3.3
when it comes to the rate of new business creation related to solar technologies. And
when it comes to survey question regarding Business Growth, the companies’ overall
rating is 4, suggesting that the solar PV business is very promising.

6.2 Knowledge Development and Adaptive Capacity

Knowledge development is about the existing and newly developed knowledge about the new
technology domestically [64, 18]. Creating Adaptive Capacity on the other hand relates to a
country’s ability to learn about and implement a new technology already developed in another
country [64]. This includes the human, institutional and organizational capacity of the country
to handle the new technology.

The findings indicate that knowledge development and adaptive capacity creation
is developing along multiple dimensions, including formal education, government
targeted developments and informal used-based learning. As in many other developing
countries the amount of R&D within the field remains low. As seen in the literature,
China is the leading developer and manufacturer of solar PV and are way ahead of the
rest of the world, including Rwanda. Even if Rwanda has a relatively well functioning
education system, they do not have the capability of closing the gap. Because Rwanda
is a landlocked country and lack the materials used in solar PV, production is probably
not possible or even desirable. In Rwanda, solar is about energy access for rural areas,
not about becoming a global exporter. This means that creating adaptive capacity and
entrepreneurial activities are more important for Rwanda than R&D.
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Creating the conditions for the technology to thrive in terms of innovative business
models and applications is crucial, rather that the technical development itself. For
this to happen, early capacity building was mentioned as important in Kenya by one
of the companies. The technology is not new in Rwanda but capacity building is still
of importance to ensure competent people in the sector. The planned Solar Mamas
project is a promising sign that could boost capacity building. Capacity building can
support an innovative business environment and adequate technical service, which is
important for further growth and legitimization. As expressed by three interviewees,
the TVET-schools (Technical and vocational education and training) seem to have
a positive impact on creating skilled labor. When it comes to enrollment in higher
education (tertiary education), it is relatively low in Rwanda, but growing [95].

Moreover, the migration of skilled workers to Europe and the US, poses a threat to
Rwandas adaptive capacity. If Rwanda can not keep their skilled labor in Rwanda, the
investments associated with educating people are lost. Suggesting that education alone
is insufficient without parallel efforts to create attractive employment conditions and
career opportunities in Rwanda. However, due to the unequal nature of the global
economy and the gigantic income differences between developing and developed
countries, this is a difficult challenge to solve.

In terms of academia-industry collaboration, it is limited according to one company,
this is a barrier to adaptive capacity and innovation. While institutions such as the
Africa Center of Excellence in Energy for Sustainable Development, and University
of Rwanda are involved in solar energy research and training, their linkages to the
private sector appear to be underutilized or insufficiently formalized according to some
company perspectives. EPD has several roles in the private energy sector, one of them
being connecting industry and academia. The mentioned barrier might therefore need
more attention from EPD, especially in terms of facilitating structured and mutually
beneficial collaboration between companies and research institutions.

EPD also engages in other knowledge diffusing and capacity building activities and
even though they seem to be focusing on relevant areas like organizing workshops,
finding funding and new technology, interviewed companies disagree on whether they
are doing a good enough job. It seems EPD needs more resources to better support the
private sector. As one company expressed they will not agree to pay higher membership
costs before they see an increased benefit from being part of EPD. Membership fees
are not the main income for EPD, therefore increasing fees would likely not have a
significant impact on their resources. Instead, EPD might need to seek more funding
from international entities to better support their members.

The focus of R&D within government and academia is shaped by the societal mindset
and perceptions of what is considered important for the future. This relates to the
function of legitimacy mentioned in section 6.7. But society’s mindset also influence
what government invests in and what subjects students and scholar choose to pursue.
As mentioned by one interviewee more educations on all levels touch on RETs and
this could potentially be beneficial to capacity building in the long-term. Changing the
curriculum for lower levels of educations can help students get an early interest and
understanding of RETs and help support capacity building.
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6.3 Knowledge Diffusion

Knowledge diffusion is about how knowledge about the new technology is shared between actors
and to what extent this happens (e.g.e through workshops or conferences) [64, 18].

Knowledge diffusion refers to how existing and newly generated knowledge from R&D
and education is shared among the system actors. In a system of sharing knowledge,
competition and symbiosis becomes relevant concepts. Between private companies
there will be competition for the market and funding, but solar companies also have
incentive to collaborate with the purpose of influencing policy and create legitimacy for
the technology. An example is to push for policy that regulate the minimum standard
of SHS, which keep unserious companies from the market, companies that might
otherwise undermine legitimacy. EPD has an important role in being the link between
companies and supporting collaboration among its members.

Furthermore, the government has incentive to facilitate knowledge diffusion as they
need the private sector to fulfill national goals of development including energy access.
Helping spread knowledge about the technology and best practices (e.g. about using
PAYG to reach more customers) can increase the rate of electrification.

6.4 Guidance of the Search

Regulations or targets set by actors (government or companies) that affect the expectations of
the new technology and its potential [18].

Regulations and goals set by the government are among the strongest factors guiding
the search in Rwanda because of the strong governmental control. While many of the
high level policy documents set out long-term goals for Rwandas development the
lower level documents change more often. Even if this might be reasonable, the lower
level documents are the ones that directly impact the private sector. An example of this
is the changing guidelines for the share of households electrified by grid and off-grid.
The goals started as a 52–48 split for grid–off-grid but has now changed to 75–25. It
seems that the problem has not been unclear goals and policy but rather that it has
changed often and unpredictably. These shifting projections mirrors the challenges
expressed in the literature from other SSA countries. To create an environment where
the private sector can thrive, they need stable and clear direction of development to feel
safe while investing. The Grid extension areas are according to one company areas that
will be connected to grid within the coming five years. This implicitly means that areas
designated for SHS and mini-grid projects should have at least five years to recover
the initial investment, with SHS typically requiring less time and mini-grids more. A
measure that decreases the impact of the uncertainty is that Rwanda has implemented
a system where companies with installations in certain areas are compensated when
the grid arrives. This is on the condition that they can prove they had installations there
before grid arrived.
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Even though goals have shifted over time, in one of the interviews we heard that
Rwanda has distinguished itself when it comes to facilitating off-grid and private
companies to enter the market. Rwanda ranks very high in the indicator ”ease of doing
business” and the low corruption is inviting for companies to enter the market. With
regards to solar PV specifically, the government have implemented tax exemptions, reg-
ulations and subsidies, to guide the search in the sector. Tax exemptions are important
since the import costs are high due to Rwandas landlocked position, high elevation and
limited export volumes. Regulations regarding quality control and after-sales services
have been important according to several companies to increase legitimization due to
early problems of poor quality products being sold.

The subsidies have been vital to supply the poorest people in Rwanda with electricity
because of their extremely low purchasing power. Sharif & Mithila (2013) suggest that
in the case of Bangladesh smart subsidies helped build initial market volume, user
awareness and local capacity with the long-term goal of phasing out the subsidies
when the market can ensure market resilience [53]. However, just like many of the
interviewees Sharif & Mithila (2013) acknowledge that continued subsidies may always
be needed for the poorest segments of the population — as their purchasing power
may never (in the foreseeable future) reach commercial viability levels [53]. While
the companies might be biased to say this, Sharif & Mithila (2013) supporting this
claim makes it more believable. Nevertheless, creating a clear plan for the future
and letting private sector take part in their creation could help reinforce the image
of Rwanda as a country where business is easy and not hindered by the government.
One expert says that companies are given the opportunity to review policy drafts but
that they rarely do so. This could be because they feel powerless; the time window
for review is too short; or something else. Here EPD has an important role in being
the link between policymakers and the private sector. According to the companies,
EPD implement "sector-wide" advocacy, however, as seen in the results there seems
to be some disagreement to how well the EPD is facilitating support for the private
companies. Since individual companies have little political power and potentially also
too little resources to impact policy, EPD need to increase their efforts.

6.5 Market Formation

Actions taken by an actors to create new markets or increase the size of existing markets by for
example exempting the technology from taxes [18].

In the literature study we noted that millions of people in the SSA region lack access
to energy and the majority of these (80%) live far from the grid. This indicates some
opportunity for companies to enter. In Rwanda the hilly landscape and dispersed
population means grid extension is rather expensive. But lack of purchasing power
prevent many potential customers from accessing the product. Thus, in Rwanda the
size of the market is essentially governed but two things: the NEP and active subsidies.

As the market for the smallest systems seem to be saturating, companies voice diversi-
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fication into larger systems, solar water heaters and clean cooking. One expert put it
frankly ”Lets be honest, SHS are a temporary solution” and meant productive use is
the future. A reason for the market nearing saturation is that the goal of access through
grid and off-grid has shifted as earlier mentioned. This has significantly reduced the
off-grid market, which has essentially reached its 25% share (see Figure 4.3). The larger
systems sold are mostly for urban dwellers and businesses for the purpose of power
security (back-up when grid has black outs) and lowering costs (without subsidy). This
is in contrast to the purpose of transitioning from fossil- or bio-based fuel to electricity
for rural households. This transition is therefore interesting as it changes the dynamics
of the market from a more humanitarian based subsidy market, to one more based on
strategic choices and supply and demand. Which is in line with the previous literature
on the healthy development of solar PV markets [53].

Large parts of the market in Rwanda are however still not commercial markets but
sustained by government support. This makes the private sector dependent on the
government and its ability to create and sustain markets. This together with the
style of governance in Rwanda, seem to result in the private sector having relatively
limited influence over policy. This is consistent with the literature as Baker & Sovacool
(2017), show that over-centralized, state-led governance models often limit space for
private actors to influence the direction of energy transitions, even though private
sector participation is encouraged [50]. Moreover, if the government wants to continue
benefiting from private sectors contributions, it needs to sustain the market and help
facilitate new opportunities moving forward. In the long-term, the goal should be to
make the market self-sustaining, however, what is heard in the interviews, this is still
many years away. According to Eberhard & Gatwick (2017), they should take the role
as "strategic enablers", to ensure policy consistency and investor confidence remains,
while simultaneously provide companies room to be innovative [51].

The companies subjective view of the Market Formation shows very favorable per-
ceptions. In the survey questions regarding Market Growth, a overall grade of 3.6 is
reflected in the combination of Rwandas economic growth and technological develop-
ment of solar PV. Where people understand the beneficial investment of solar, rather
than relying on government subsidies for the investment to occur.

6.6 Resource Mobilization (Domestic & International)

Domestic: The allocation of financial resources from domestic actors including governments,
investors and companies for the technology. International: The financial resources granted
or lended from international actors (NGOs, countries, etc) to be used in scaling up the new
technology. [18].

Purchasing power and financing was mentioned by seven out of thirteen interviewees
as still being one of the biggest challenges for the sector (as seen in table 6.2), suggesting
continued financial resources are needed for solar energy in Rwanda. Since the private
sector is still dependent on government funding (from domestic or international in-
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vestors) as of now, Rwanda has a private sector that contributes towards increasing
energy access but removing funding would be pulling the rug from under their feet.
This seems especially problematic for the poorest households (often rural) as urban
sales without subsidy is increasing according to 4 of the companies. Now that the
market for SHS is saturating, but grid extension to certain areas is still not possible,
scaling up with the long-term purpose of substituting SHS with mini-grids, could be
a solution. In that case, more actors might venture into mini-grids and C&I. As the
mini-grid companies have a hard time breaking even, funding is still important.

For mini-grids funding has been provided by entities and initiatives such as: EnDev,
GIZ, Energy 4 Impact and the Green Climate Fund. The limit on the tariffs mini-
grid developers are allowed to set mean that between 40-70% needs to be covered by
external investments. In cases when funding is in the form of grants this works well
but if instead funding is provided through loans, this creates problems. Several of the
interviewees mention foreign exchange rates (FX) as a problem when repaying loans. In
some projects the government have agreed to take on the currency risk but in the cases
when the risk is taken on by the company they risk not being able to pay the loan back.
Due to the Rwandan Francs (RWF) depreciation towards most larger currencies the
amount to be paid back increases in terms of the local currency. This raises the question
on how to create local financing solutions. SACCOs have been involved before through
REF, suggesting this could be a future possibility. Another is crowd funding (domestic
or international) or crowd lending (preferably domestic to remove FX risk). Since banks
have been skeptical in giving out loans to solar energy companies financing though
crowd lending could be a solution. For business people in Rwanda this could be a way
to invest money into something impactful but that also provides return on investment.

The companies subjective view of the Resource Mobilization are relatively optimistic.
In the survey question regarding Resources Available, a overall grade of 3.1 suggest that
the financial, human and infrastructural support for solar have been good, however, it
is slowly diminishing.

6.7 Creation of Legitimacy (Formal Lobbying, Informal
Lobbying)

The creation of legitimacy for the new technology through formal lobbying, leading economic
and political actors to view the technology as more credible, The creation of legitimacy for the
technology among people, through informal lobbying [18].

For a technology to succeed it needs to be accepted by policymakers, the private sector
and consumers alike. It is normal that society is skeptical to new technologies and even
if it can compete technically with incumbent technologies, if not accepted, adoption will
be low. The creation of legitimacy through lobbying is divided into two parts, formal
and informal lobbying. An interesting note by Edsand is that social media is playing a
larger role in creating legitimacy also in developing countries. As seen with our own
eyes, mobile phones (both old and new) were widely used in Rwanda. As explained
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to us in the interview with C7, electricity sometimes facilitate the use of internet. This
means a large increase in access to information and social media, which have an impact
on legitimacy creation.

This division of legitimacy into formal and informal could potentially be interesting
also for more developed countries as internet and social media becomes increasingly
influencing. From our own experience when in Rwanda, it seems like people are less
individualistic, and engage more in community activities than e.g. Sweden. This could
mean that informal lobbying between family members, friends or neighbors could have
a greater influence on legitimacy in general, including solar PV, rather than in more
individualistic societies.

One of the interviewees expressed that ”Everyone wants modern energy” but that
there has been a skepticism towards solar energy. It seems people prefer and trust
grid more than solar energy. It is not our role to advocate for SHS against grid energy,
but solar energy, including SHS, does have its areas of use and can complement grid.
When the technology was new to Rwanda many of the products imported were of
low quality. Several countries in SSA observed the same problems early on, among
these are Tanzania and Burkina Faso. This was solved with regulations on minimum
standards and after-sales service of the products. It seems this has brought back some
of the trust in the products. The story mentioned in the results chapter about people
going to neighboring areas to buy SHS under subsidy show how people prefer solar
energy to biomass solutions but are not willing or able to pay full price. Who wants to
pay full price when people in neighboring areas pay only 10% of the price?

The growing presence of RETs in education and in society as a whole has started to
created a positive feedback loop of increasing legitimacy. Children are growing up with
the technology around them. According to Bångens and Edsand (2024), this trend has
been observed in neighboring country Tanzania also. One of the companies means this
will make solar energy ”boom” in the future. We heard in several of the interviewees
that mindset is now changing, because benefits of solar are becoming clear through
learning-by-doing and word-of-mouth. When solar energy technology has gained
enough acceptance the general mindset of the government being responsible for paying
for the technology also needs to change. In contrast to Rwanda, people in Kenya view
solar energy as an investment according to one of the companies. Rwandans mindset
are supposedly a result of the large subsides during the last years. This is not to suggest
that subsidies should be eliminated entirely, but rather that there may be a need to
gradually phase them out over time. Alternatively, subsidy mechanisms could be
redesigned to help shift public attitudes. Supporting access to the technology through
more indirect forms may encourage a more sustainable mindset.

The companies’ subjective view of the Capacity Building are moderately optimistic.
In the survey question regarding Public Awareness, an overall rating of 3.0 reflects the
initial challenges faced in solar adoption. However, according to the companies it is
now changing, and people understands the benefits of solar better.
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6.8 Drivers and Barriers

While earlier sections 6.1-6.7 mostly present the sector as is, this section aims to highlight
the frequency of each statement and answer research question 2. Additionally, a text
that explains why the statements — in order of frequency — is considered a driver or a
barrier, is included.

6.8.1 Drivers

Table 6.1: Summary of drivers identified by companies (C1–C9) and experts (E1–E4),
ordered by frequency. X indicates agreement with each statement.

Driver C1 C2 C3 C4 C5 C6 C7 C8 C9 E1 E2 E3 E4 Total

Shift to larger systems X X X X X X 6

C&I up to 100 kW X X X X X X 6

Changing mindset X X X X X X 6

Consolidation of companies X X X X X 5

Monitoring/Data collection X X X X X 5

Capacity building X X X X X 5

Shift to urban clients X X X X 4

PAYG X X X X 4

Feed-in tariffs* X X X 3

Energy as a service* X X X 3

Economic growth and technological
development

X X X 3

Solar increases quality of life X X X 3

EPD is working well X X 2

Increased awareness of climate change X 1

The most common driver was that the companies are shifting to larger systems. This
is a strong driver and a natural development in a technological innovation system.
The newly increased limit of C&I to 100 kW has been received well by the companies
and is a strong driver for their survival. The changing mindset that solar is a legitimate
electricity providing technology is a strong driver for further growth in the sector.
Consolidation of companies is natural in a technological innovation system which is
therefore considered a significant driver. The required data collection with the new
subsidy ASCENT is considered a significant driver as the decisionmakers can take
more knowledgeable decisions if the data is used in a thoughtful way. The success
of TVET schools and availability of skilled technicians are positive for the sector and
considered a significant driver of innovation (Capacity building). The shift to urban
clients are thought of as a noticeable driver as the focus is more on the investment
opportunities, which is a natural development of a TIS. PAYG has been a noticeable
driver in solar PV adoption due to the reduced investment barrier. Feed-in tariffs is seen
as a prospective moderate driver, as the mechanism is very uncertain as of 2025. Energy
as a service might be the future way to provide electricity access, however, relatively

61



6. Analysis

unexplored. Hence, a prospective moderate driver. The domestic economic growth
and global technological development is seen as a moderate driver. According to three
companies, solar increases quality of life, and is seen as a moderate driver. When it comes
to EPD, only two companies stated that EPD is working well, which is a minimal driver.
Lastly, the increased awareness of climate change was mentioned once, and is therefore
seen as a minimal driver.

6.8.2 Barriers

Table 6.2: Summary of barriers identified by companies (C1–C9) and experts (E1–E4),
ordered by frequency. X indicates recognition of the barrier.

Barrier C1 C2 C3 C4 C5 C6 C7 C8 C9 E1 E2 E3 E4 Total

Affordability challenge remains in rural areas X X X X X X X 7

Saturating SHS market X X X X X 5

Low cost of grid X X X X X 5

Diversification of business model X X X X 4

50 kW cap until recently X X X X 4

Mindset that government provides X X X X 4

Capacity building X X X 3

EPD is not working well enough X X X 3

FX challenges X X X 3

Logistical challenges of Rwanda X X X 3

Batteries still expensive X X 2

Political uncertainty X X 2

The most prominent barrier according to the interviewees were the remaining chal-
lenge of affordability, hence, the primary barrier to solar PV companies. The saturating
SHS market and the low cost of grid is seen as significant barriers. Additionally, while
diversification is normal to the maturing phase, in the case of Rwanda, this is mostly due
to regulatory uncertainty. The companies follows the government-targeted subsidies,
which as of right now, are not directed towards the off-grid solar PV sector. The 50 kW
cap that was recently lifted have been a noticeable barrier for the solar PV companies.
Another noticeable barrier is the existing mindset that government provides. Capacity
building challenges are seen as a moderate barrier. Other moderate barriers are that
EPD is not working well enough, Foreign Exchange challenges and the logistical challenges of
Rwanda. Among the minimal barriers are that batteries is still expensive and the political
uncertainty in the country.

6.9 Landscape Factors

Economic growth in Rwanda has been consistently performing well since the genocide
in 1994. Rwanda was in December of 2024 characterized as low/inactive armed conflicts
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index [96]. However, it has been added to 2025 armed conflict watchlist, as the Great
Lakes Region1 armed conflict has recently escalated [97]. Conversely, none of the
interviewees who brought it up, expressed any worries over it. This is maybe because
the conflict has been going on since the genocide, over 30 years ago. When it comes to
national corruption, it is among the lowest on the continent, which benefits business
creation. Additionally, with the relatively equal access to education comes growing
environmental awareness. Hence, many of the landscape factors that usually affect
developing countries are under control in Rwanda, except for the armed conflicts in
the Great Lakes Region. What was brought up in the interviews however, was mostly
connected to the geographical context of Rwanda, which affects infrastructure and
logistics. This suggests that Rwanda will remain challenged in terms of manufacturing
capacity in the solar PV sector. Additionally, the high import cost will remain a barrier,
as interviewees noted that no infrastructure upgrades are currently planned to address
this challenge.

6.10 Discussion

Following the presentation of the analysis, this section offers a critical reflection on the
methodological choices and their implementation, as well as a discussion of potential
directions for future research.

6.10.1 Reflection on Methodological Choices and Implementation

In hindsight there were both strengths and weaknesses to the method of choice; how
the study was conducted and the choice of theoretical lens for the analysis.

The chosen methods for collecting data, interviews and literature review, were rea-
sonable choices for our aim and context of this study. Weaknesses and improvements
mostly relate to the onsite data collection through the interviews.

Semi-structured interviews fit well with this type of explorative study as it allowed for
exploration of interesting points brought up by the interviewees. The downside of these
types of interviews is that the answers can be more difficult to compare. The interview
process also had room for improvement. The, to us, unfamiliar context and limited
experience, resulted in a progression of interview skills and questions throughout the
data collection. Hence, the discourse in the interviews was relatively different in the
beginning compared to end. A way to approach this challenge would have been to
perform "pilot interviews" beforehand.

There were also some limiting factors that were unforeseen or beyond our control. For
instance not all actors agreed to interviews, which might have impacted the results

1The African Great Lakes region around Lake Kivu includes parts of Rwanda, Burundi, the Democratic
Republic of the Congo, and Uganda.
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by leaving gaps in the data collection. Furthermore, the interviews were mainly
done with well educated and financially independent people living in urban areas
which might have skewed the results. Due to the nature of the political situation in
Rwanda the interviewees might also have felt compelled to provide the ”easy” answer
or perhaps embellish the answer to be more politically correct. Another reason for
interviewees to consciously or unconsciously give the ”easy” answer is based on how
the questions are framed. Our assumptions or way of formulating the question s might
have unintentionally guided responses or limited deeper reflection. To address the first
limitation is difficult and even though Rwanda is one of the least corrupt and safest
countries in Africa, it is still authoritarian [98]. This fear of speaking openly might
have disincentivized some people from meeting with us in the first place, which is a
limitation. To mitigate this interviews were kept anonymous. This however has the
downside of making the study less transparent. To address the second limitation we
aimed at making our questions as free of assumptions and open-ended as possible.

Regarding the choice of the conceptual framework of TIS it works well for analyzing a
growing technology like solar PV. Applying it in a developing country can act as an
interesting case as the literature on using TIS in such a context is quite limited. It should
be noted that this study was limited in time to collect all the data sufficient for a full
TIS, hence, a partial use of the framework and a focus on the private sector was chosen.
Collecting more quantitative data and and more data on the structural components of
the system would be necessary to conduct a full TIS-analysis. In this study it was used
to provide a structure and ensure a holistic perspective. However, TIS is not usually
used to analyze a technology from the perspective of one actor but as a whole. We
reason that even though this is not the normal use for the framework it provided a good
structure for this study. The reason quantitative data was not gathered is because of the
time and resources constraints as well as the availability. Hence, the focus was solely on
qualitative data. The lack of quantitative data in this study limits the ability to validate
findings with numerical evidence, making it difficult to assess market trends, financial
viability, and the impact of private solar companies on rural electrification in Rwanda.
TIS also has its downsides and as presented in the section 2.2.2. Relying on a theoretical
framework can sometimes lead to a focus on areas where data is more readily available
or easier to interpret, potentially biasing the analysis and leading to data being shaped
to fit the framework rather than emerging organically from the context. To avoid this
the results chapter used a structure that was more natural to the collected data while
the Analysis chapter used the TIS-structure.

6.10.2 Future lines of research

This study has aimed to understand the factors impacting solar PV and the private
sector and how they can contribute to rural electrification. There are multiple areas of
interest for future research to indulge in.

For instance, it could be interesting to study how countries that have invited and
supported private companies compare to countries that rely on the government for
access. A comparative analysis of how access to electrification; solar PV availability or
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price for access, could offer valuable insights for both researchers and policymakers.
Furthermore, it could be interesting to create an understanding of what conditions
and contexts need what types of polices to increase access. Rwanda and Tanzania for
examples have different political and geographical conditions that means different
approaches might be necessary to effectively increase access to electricity.

The opportunity for SSA countries to "leapfrog" the industrialized nations without
building their economy on fossil fuels is an essential global matter in order to minimize
CO2 emissions. To facilitate this, understanding the social and economic benefits of solar
technology will need further research, to provide educated insights to policymakers.
One such study could be a comparative on the long-term socio-economic cost of grid
vs off-grid in Rwanda. As there seems to be different perspectives on what is most
affordable.

Even though it was not discussed often in the interviews, there is a need to address the
growing "solar junk" on the continent. Millions of households will get electricity access
through solar in the next decades, and the lack of end-of-life perspective is evident in
the literature.

Except for the qualitative impacts of off-grid solar exploring the quantitative side is
also interesting. Although some quantitative studies exist (e.g. GOGLA, 2020), further
research could point out the social and economic benefits, potentially legitimizing the
technology among policymakers.

With the new ASCENT subsidy, the companies are required to provide user data to
the government. Early studies on this, such as Perros et al. (2024), emphasize the
importance of data protection and recommend take GDPR as a foundational reference.
However if used ethically this new collected data could also act as a driver for smarter
payment plans, or understanding of how customers use their products.
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Conclusion

This study has investigated the development of Rwandas private solar PV sector,
focusing on its role in rural electrification within the broader context of a developing
country. The analysis has highlighted how key factors such as policy, economic and
socio-technical factors have shaped the sector. Attention has been given to both national
and landscape level influences. Below, the main conclusions are structured to answer
each research questions explicitly.

RQ1: How have policymaking, key stakeholders, grid extension, technical, financial, and market
development shaped the private solar PV sector and its role in rural electrification efforts in
developing countries?

Policymaking has played a decisive role in shaping the sector, with targeted government
subsidies and international actors driving strong entrepreneurial activity over the last
decade. However, the phasing out of the Windows 5 subsidy, and the expanding
national grid are pushing the companies into uncertain territory. This transition forces
companies to diversify beyond off-grid solar home systems (SHS) into larger systems
and new sectors such as clean cooking and solar water heaters. Although policymaking
has provided a positive business environment, restrictive regulations — such as the
one related to private developers installing systems larger than 100 kWp — and low
transparency in long-term planning hinder further market growth and investment. Key
stakeholders like EPD serve as advocates, but face resource constraints which limits
their ability to network and coordinate the system of actors effectively. Landscape
factors in Rwanda provide both opportunities and challenges for the private solar
PV sector. The country’s political stability, strong economic growth, low corruption,
and increasing environmental awareness — especially among the youth — support
sector legitimacy and market development. However, regional conflicts in the Great
Lakes Region pose a potential risk, though companies currently perceive this as a
limited threat. Logistical and infrastructural challenges due to Rwanda’s geography
increase operational costs and hinder local manufacturing, with no major improvements
planned. Overall, these landscape factors create a cautiously optimistic outlook but
require ongoing attention to sustain sector growth.

RQ2: What key drivers and barriers, impacting the diffusion of the private solar PV sector, can
be identified?

The most prominent drivers for solar PV companies are the transition towards larger
systems and commercial clients. There are signs of a changing mindset that embraces
solar energy. The ongoing company consolidation reveals a sector in a more stabi-
lized position. These drivers might be fundamental for further sector growth going
forward. Capacity building and improved monitoring also support development but
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are secondary. In contrast, the primary barrier is affordability, which restricts customer
access and demand. Additional significant barriers include a saturating solar home
system (SHS) market, low grid electricity prices, and subsidies targeting off-grid solar is
diminishing. Grid extension and regulatory uncertainty, especially concerning subsidy
policies and system size limits, further complicates investment decisions.

RQ3: How have private solar energy companies adapted and reacted to the shaping factors and
the sectors drivers and barriers?

Companies have actively adapted and reacted to the increased saturating SHS market
in rural areas by targeting larger-scale and urban markets, responding to changing
mindsets that increasingly accept solar as a legitimate energy source. Nevertheless,
affordability issues and policy unpredictability remain critical challenges. Firms tend
to follow government subsidy trends closely, with smaller local companies facing
disadvantages against better-funded international competitors. That many companies
call for stronger support to intermediary organizations such as EPD highlights the need
for improved coordination. Informal learning and community diffusion continue to be
vital, especially in rural contexts, partly because of the companies advocation.

Overall, the development of Rwanda’s private solar PV sector reflects the complex
interplay between policy shifts, market dynamics, and socio-technical development.
While significant progress has been made, the path ahead remains shaped by both
opportunity and uncertainty. In this context, the sector’s ability to contribute mean-
ingfully to rural electrification will depend on how effectively companies can position
themselves, build resilience, and navigate a changing landscape shaped by evolving
demands, limited resources, regional dynamics, and how government support will
evolve in the coming years.

68



Bibliography

[1] SIDA. Power Africa; 2024. Available from: https://www.sida.se/en/
for-partners/private-sector/power-africa.

[2] Mugisha J, Ratemo MA, Bunani Keza BC, Kahveci H. Assessing the opportunities
and challenges facing the development of off-grid solar systems in Eastern Africa:
The cases of Kenya, Ethiopia, and Rwanda. Energy Policy. 2021 3;150.

[3] Kizilcec V, Parikh P. Solar Home Systems: A comprehensive literature review for
Sub-Saharan Africa. Elsevier B.V.; 2020.

[4] Jennifer M, Anku E. Barriers to Renewable Energy Adoption in Sub-Saharan
Africa: A Stakeholder Perspective; 2025.

[5] Global Solar Council. Africa Market Outlook for Solar PV 2025-2028;.
Available from: https://www.globalsolarcouncil.org/resources/
africa-market-outlook-for-solar-pv-2025-2028/.

[6] United Nations. The 2030 Agenda for Sustainable Development Goals; 2025. Avail-
able from: https://sdgs.un.org/goals.

[7] IRENA. Note of the Director-General Renewable Energy Deploy-
ment: Decreasing Costs - Increasing Benefits;. Available from: https:
//www.irena.org/-/media/Files/IRENA/Agency/About-IRENA/Assembly/
Sixth-Assembly/A_6_DN_1_costs-benefits.pdf.

[8] IMF. Sub-Saharan Africa’s Growth Requires Quality Ed-
ucation for Growing Population; 2024. Available
from: https://www.imf.org/en/Blogs/Articles/2024/04/25/
sub-saharan-africas-growth-requires-quality-education-for-growing-population.

[9] Walz R. Competences for green development and leapfrogging in newly industri-
alizing countries. International Economics and Economic Policy. 2010;7:245-65.

[10] GOGLA. Powering Opportunity in East Africa Proving Off-Grid Solar is a Power
Tool for Change; 2019. Available from: https://gogla.org/wp-content/uploads/
2024/11/powering_opportunity_in_east_africa.pdf.

[11] Mukisa N, Manitisa MS, Nduhuura P, Tugume E, Chalwe CK. Solar home systems
adoption in Sub-Saharan African countries: Household economic and environ-
mental benefits assessment. Renewable Energy. 2022 4;189:836-52.

[12] GOGLA. Standardised Impact Metrics for the Off-Grid Solar Energy Sector; 2020.
Available from: www.gogla.org.

69

https://www.sida.se/en/for-partners/private-sector/power-africa
https://www.sida.se/en/for-partners/private-sector/power-africa
https://www.globalsolarcouncil.org/resources/africa-market-outlook-for-solar-pv-2025-2028/
https://www.globalsolarcouncil.org/resources/africa-market-outlook-for-solar-pv-2025-2028/
https://sdgs.un.org/goals
https://www.irena.org/-/media/Files/IRENA/Agency/About-IRENA/Assembly/Sixth-Assembly/A_6_DN_1_costs-benefits.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/About-IRENA/Assembly/Sixth-Assembly/A_6_DN_1_costs-benefits.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/About-IRENA/Assembly/Sixth-Assembly/A_6_DN_1_costs-benefits.pdf
https://www.imf.org/en/Blogs/Articles/2024/04/25/sub-saharan-africas-growth-requires-quality-education-for-growing-population
https://www.imf.org/en/Blogs/Articles/2024/04/25/sub-saharan-africas-growth-requires-quality-education-for-growing-population
https://gogla.org/wp-content/uploads/2024/11/powering_opportunity_in_east_africa.pdf
https://gogla.org/wp-content/uploads/2024/11/powering_opportunity_in_east_africa.pdf
www.gogla.org


Bibliography

[13] IFAW. Deforestation and Wildlife: Causes and Effects | IFAW;
2024. Available from: https://www.ifaw.org/international/journal/
what-is-deforestation-impact-wildlife.

[14] Kinally C, Antonanzas-Torres F, Podd F, Gallego-Schmid A. Off-grid solar waste
in sub-Saharan Africa: Market dynamics, barriers to sustainability, and circular
economy solutions. Elsevier B.V.; 2022.

[15] Bos K, Chaplin D, Mamun A. Benefits and challenges of expanding grid electricity
in Africa: A review of rigorous evidence on household impacts in developing
countries. Elsevier B.V.; 2018.

[16] Rwanda Energy Group. Electricity access; 2025. Available from: https://www.reg.
rw/what-we-do/access/.

[17] Puranasamriddhi A, Parikh DP. Off-Grid Energy and Economic Prosperity Evi-
dence on the relationship between off-grid electricity access and local economic
well-being in sub-Saharan Africa; 2021.

[18] Edsand HE, Bångens L. Power struggles: Advances and roadblocks of solar
powered mini grids in Tanzania. Energy Reports. 2024 6;11:342-54.

[19] Bergek A, Jacobsson S, Sandén BA. ’Legitimation’ and ’development of positive ex-
ternalities’: Two key processes in the formation phase of technological innovation
systems. Technology Analysis and Strategic Management. 2008;20(5):575-92.

[20] Ministry of Infrastructure. ENERGY SECTOR STRATEGIC PLAN (ESSP 2024);
2024.

[21] Museruka C, Mutabazi A. Assessment of global solar radiation over Rwanda. In:
2007 International Conference on Clean Electrical Power, ICCEP ’07; 2007. p. 670-6.

[22] World Bank. document. https://archivedoingbusinessorg/content/dam/doingBusiness/pdf/db2020/Doing-
Business-2020_rankingspdf.

[23] Böhringer C, Cuntz A, Harhoff D, Asane-Otoo E. The impact of the German
feed-in tariff scheme on innovation: Evidence based on patent filings in renewable
energy technologies. Energy Economics. 2017 9;67:545-53.

[24] Goyal K. China’s Domination Over Global Solar PV Supply Chain - REGlobal -
Mega Trends & Analysis; 2025.

[25] Ritchie H, Rosado P, Roser M. Solar photovoltaic module price; 2023. Available
from: https://ourworldindata.org/grapher/solar-pv-prices.

[26] IRENA. Statistics Time Series; 2025.

[27] Shrestha HB. Learning curve effect on the global variable renewable energy de-
ployment | Towards Data Science; 2022.

[28] Fraunhofer. Photovoltaics Report - Fraunhofer ISE; 2024.

70

https://www.ifaw.org/international/journal/what-is-deforestation-impact-wildlife
https://www.ifaw.org/international/journal/what-is-deforestation-impact-wildlife
https://www.reg.rw/what-we-do/access/
https://www.reg.rw/what-we-do/access/
https://ourworldindata.org/grapher/solar-pv-prices


Bibliography

[29] Wood Mckenzie. China’s solar growth sends module prices plummet-
ing; 2024. Available from: https://www.woodmac.com/blogs/energy-pulse/
chinas-solar-growth-sends-module-prices-plummeting/.

[30] Agyapong FS. 2025 US-China Tariff Impact on Africa’s Solar Prices: Data-Backed,
Not Speculation;.

[31] Ibegbulam C. Adoption of Solar PV in Developing Countries: Challenges and
Opportunity. Article in International Journal of Physical Sciences Research. 2023.
Available from: https://doi.org/10.37745/10.37745/ijpsr.17/vol7n13657.

[32] Hashim SM, Hassan RI. Impact of high temperature on PV productivity in hot
desert climates. Green Technology, Resilience, and Sustainability. 2022 12;2.

[33] Iskender I, Abdulazeez MZ, Genc N. Impact of environmental factors on photo-
voltaic systems. In: Advances in Energy Research: Energy and Power Engineering.
Nova Science Publishers, Inc.; 2012. p. 237-62.

[34] Ritchie H, Rosado P, Roser M. Solar power generation; 2023. Available from:
https://ourworldindata.org/grapher/solar-energy-consumption.

[35] African Development Bank. Harnessing the sun: A roadmap for solar manufactur-
ing in the Sahel; 2024.

[36] Wiatros-Motyka M, Fulghum N, Jones D, Altieri K, Black R, Broadbent H, et al.
Report Global Electricity Review 2024. 2024 5.

[37] World bank. Measuring Energy Access in Multidimensional Way through House-
hold Surveys Multi-tier Energy Access Tracking Framework Global Surveys; 2020.

[38] Perros T, Unsworth S, Ali M, Bisaga I, Tomei J. Towards responsible and fair
pay-as-you-go energy access in sub-Saharan Africa. Nature Energy. 2024 5;9:520-5.

[39] Ministry of infrastructure. Ministerial Guidelines on Minimum stan-
dards Requirements for Solar Home Systems. 2022. Available from:
https://www.reg.rw/fileadmin/user_upload/Ministerial_Guidelines_
on_Minimum_standards_Requirements_for_Solar_Home_Systems_2022.pdf.

[40] Terrapon-Pfaff J, Gröne MC, Dienst C, Ortiz W. Productive use of energy – Pathway
to development? Reviewing the outcomes and impacts of small-scale energy
projects in the global south. Elsevier Ltd; 2018.

[41] EnDev. Productive Use of Energy - EnDev;. Available from: https://endev.info/
approach/productive-use-of-energy/.

[42] German Energy Desk. Tanzania Solar & Wind Power Market
Study; 2013. Available from: https://studylib.net/doc/8883771/
target-market-study-tanzania-solar-pv-and-wind-power.

[43] Hansen UE, Pedersen MB, Nygaard I. Review of solar PV policies, interventions
and diffusion in East Africa. Elsevier Ltd; 2015.

71

https://www.woodmac.com/blogs/energy-pulse/chinas-solar-growth-sends-module-prices-plummeting/
https://www.woodmac.com/blogs/energy-pulse/chinas-solar-growth-sends-module-prices-plummeting/
https://doi.org/10.37745/10.37745/ijpsr.17/vol7n13657
https://ourworldindata.org/grapher/solar-energy-consumption
https://www.reg.rw/fileadmin/user_upload/Ministerial_Guidelines_on_Minimum_standards_Requirements_for_Solar_Home_Systems_2022.pdf
https://www.reg.rw/fileadmin/user_upload/Ministerial_Guidelines_on_Minimum_standards_Requirements_for_Solar_Home_Systems_2022.pdf
https://endev.info/approach/productive-use-of-energy/
https://endev.info/approach/productive-use-of-energy/
https://studylib.net/doc/8883771/target-market-study-tanzania-solar-pv-and-wind-power
https://studylib.net/doc/8883771/target-market-study-tanzania-solar-pv-and-wind-power


Bibliography

[44] Duma D, Bruder M, Hilgert A. Insights for development interventions in the
clean-energy sector, with a focus on sub-Saharan Africa; 2025.

[45] Acumen. We need new FX solutions in Africa, now; 2024. Available from:
https://acumen.org/blog/we-need-new-fx-solutions-in-africa-now/
?utm_medium=social&utm_source=linkedin&utm_campaign=
fx-solutions-africa&utm_content=post-1&c_src=social&c_src2=
linkedin-fx-solutions-africa-post-1.

[46] Mergulhão VP, Capra L, Voglitsis K, Parikh P. How do they pay as they go?:
Learning payment patterns from solar home system users data in Rwanda and
Kenya. Energy for Sustainable Development. 2023 10;76.

[47] Mangudhla T, Yong L, Tong JJJ, Ahakwa I, Appiah-Twum F. Achieving net zero in
Africa: Can crowdfunding propel green technological innovation and renewable
energy adoption? Journal of Environmental Management. 2025 4;380.

[48] Daron Acemoglu SJ, Robinson J. THE PRIZE IN ECONOMIC SCIENCES 2024 P
O P U L A R S C I E N C E B A C KG R O U N D;.

[49] Ahlborg H, Hammar L. Drivers and barriers to rural electrification in tanzania
and mozambique - grid-extension, off-grid, and renewable energy technologies.
Renewable Energy. 2014 1;61:117-24.

[50] Baker L, Sovacool BK. The political economy of technological capabilities and
global production networks in South Africa’s wind and solar photovoltaic (PV)
industries. Political Geography. 2017 9;60:1-12.

[51] Eberhard A, Gratwick KN. IPPs in Sub-Saharan Africa: Determinants of success.
Energy Policy. 2011 9;39:5541-9.

[52] Gungah A, Emodi NV, Dioha MO. Improving Nigeria’s renewable energy policy
design: A case study approach. Energy Policy. 2019 7;130:89-100.

[53] Sharif I, Mithila M. Rural electrification using PV: The success story of Bangladesh.
In: Energy Procedia. vol. 33. Elsevier Ltd; 2013. p. 343-54.

[54] Bensch G, Grimm M, Huppertz M, Langbein J, Peters J. Are promotion programs
needed to establish off-grid solar energy markets? Evidence from rural Burkina
Faso. Elsevier Ltd; 2018.

[55] Michael K, Ahlborg H. A conceptual analysis of gendered energy care work
and epistemic injustice through a case study of Zanzibar’s Solar Mamas. Nature
Energy. 2024 8;9:947-54.

[56] Perriment R, Mergulhao V, Kumtepeli V, Parikh P, McCulloch MD, Howey DA. Un-
derstanding long-term energy use in off-grid solar home systems in sub-Saharan
Africa; 2025.

[57] Gustavsson M, Mtonga D. Lead-acid battery capacity in solar home systems -
Field tests and experiences in Lundazi, Zambia. Solar Energy. 2005 11;79(5):551-8.

72

https://acumen.org/blog/we-need-new-fx-solutions-in-africa-now/?utm_medium=social&utm_source=linkedin&utm_campaign=fx-solutions-africa&utm_content=post-1&c_src=social&c_src2=linkedin-fx-solutions-africa-post-1
https://acumen.org/blog/we-need-new-fx-solutions-in-africa-now/?utm_medium=social&utm_source=linkedin&utm_campaign=fx-solutions-africa&utm_content=post-1&c_src=social&c_src2=linkedin-fx-solutions-africa-post-1
https://acumen.org/blog/we-need-new-fx-solutions-in-africa-now/?utm_medium=social&utm_source=linkedin&utm_campaign=fx-solutions-africa&utm_content=post-1&c_src=social&c_src2=linkedin-fx-solutions-africa-post-1
https://acumen.org/blog/we-need-new-fx-solutions-in-africa-now/?utm_medium=social&utm_source=linkedin&utm_campaign=fx-solutions-africa&utm_content=post-1&c_src=social&c_src2=linkedin-fx-solutions-africa-post-1


Bibliography

[58] Gustavsson M. Educational benefits from solar technology-Access to solar elec-
tric services and changes in children’s study routines, experiences from eastern
province Zambia. Energy Policy. 2007 2;35:1292-9.

[59] Leacock C. Revitalizing Off-Grid Solar: Why Africa’s PAYGo Sector is
Ready for a New Dawn; 2025. Available from: https://nextbillion.net/
revitalizing-off-grid-solar-africas-paygo-sector-ready-for-new-dawn/.

[60] Mahoney T. After the Dip: Off-Grid Solar’s Defining Moment - GOGLA; 2025.

[61] Bowmans Law. The Energy Industry Sub-Saharan Africa: BOWMANS ENERGY
REPORT; 2024.

[62] Loorbach D, Rotmans J. Managing Transitions for Sustainable Development. In:
Understanding Industrial Transformation. Kluwer Academic Publishers; 2006. p.
187-206.

[63] Markard J. Transition 2.0-New conceptual challenges for sustainability transition
studies; 2018.

[64] Edsand HE. Technological innovation system and the wider context: A framework
for developing countries. Technology in Society. 2019 8;58:101150.

[65] Calabrese L, Papadavid P, Tyson J. RWANDA: FINANCING FOR MANUFACTUR-
ING Report RWANDA: FINANCING FOR MANUFACTURING; 2017. Available
from: http://set.odi.org/.

[66] Tigabu AD. Analysing the diffusion and adoption of renewable energy technolo-
gies in Africa: The functions of innovation systems perspective. African Journal of
Science, Technology, Innovation and Development. 2018 7;10:615-24.

[67] Kebede KY, Mitsufuji T. Technological innovation system building for diffusion of
renewable energy technology: A case of solar PV systems in Ethiopia. Technologi-
cal Forecasting and Social Change. 2017 1;114:242-53.

[68] Leech BL. Asking Questions: Techniques for Semistructured Interviews.
PS: Political Science & Politics. 2002;35(4):665-8. Available from: https:
//www.cambridge.org/core/journals/ps-political-science-and-politics/
article/asking-questions-techniques-for-semistructured-interviews/
E1CF8B87E87F36611AEC4D4A20468DE5.

[69] Needpix. Rwanda,flag,national flag,nation,country - free image from
needpix.com;. Available from: https://www.needpix.com/photo/103133/
rwanda-flag-national-flag-nation-country-ensign-symbol-national-ensign-state.

[70] Wikimedia Commons. File:Rwanda in Africa (relief) (special marker)
(-mini map).svg - Wikimedia Commons;. Available from: https:
//commons.wikimedia.org/wiki/File:Rwanda_in_Africa_%28relief%29_
%28special_marker%29_%28-mini_map%29.svg#Summary.

73

https://nextbillion.net/revitalizing-off-grid-solar-africas-paygo-sector-ready-for-new-dawn/
https://nextbillion.net/revitalizing-off-grid-solar-africas-paygo-sector-ready-for-new-dawn/
http://set.odi.org/
https://www.cambridge.org/core/journals/ps-political-science-and-politics/article/asking-questions-techniques-for-semistructured-interviews/E1CF8B87E87F36611AEC4D4A20468DE5
https://www.cambridge.org/core/journals/ps-political-science-and-politics/article/asking-questions-techniques-for-semistructured-interviews/E1CF8B87E87F36611AEC4D4A20468DE5
https://www.cambridge.org/core/journals/ps-political-science-and-politics/article/asking-questions-techniques-for-semistructured-interviews/E1CF8B87E87F36611AEC4D4A20468DE5
https://www.cambridge.org/core/journals/ps-political-science-and-politics/article/asking-questions-techniques-for-semistructured-interviews/E1CF8B87E87F36611AEC4D4A20468DE5
https://www.needpix.com/photo/103133/rwanda-flag-national-flag-nation-country-ensign-symbol-national-ensign-state
https://www.needpix.com/photo/103133/rwanda-flag-national-flag-nation-country-ensign-symbol-national-ensign-state
https://commons.wikimedia.org/wiki/File:Rwanda_in_Africa_%28relief%29_%28special_marker%29_%28-mini_map%29.svg#Summary
https://commons.wikimedia.org/wiki/File:Rwanda_in_Africa_%28relief%29_%28special_marker%29_%28-mini_map%29.svg#Summary
https://commons.wikimedia.org/wiki/File:Rwanda_in_Africa_%28relief%29_%28special_marker%29_%28-mini_map%29.svg#Summary


Bibliography

[71] World Bank. Government of Rwanda and the World Bank Sign Agreement to
Increase Access to Electricity Through Off-grid Renewable Energy; 2017. Avail-
able from: https://www.worldbank.org/en/news/press-release/2017/07/07/
government-of-rwanda-and-the-world-bank-sign-agreement-to-increase-access-to-electricity-through-off-grid-renewable-energy.
print.

[72] World Bank. Research and development expenditure (% of GDP) from The World;
2025. Available from: https://data.worldbank.org/indicator/GB.XPD.RSDV.
GD.ZS?most_recent_value_desc=true.

[73] World Bank Group. New Report Outlines Pathways to Sustainable Growth in
Rwanda;.

[74] SolarGIS. Solar resource maps & GIS data for 200+ countries | Solargis; 2025.
Available from: https://solargis.com/resources/free-maps-and-gis-data?
locality=rwanda.

[75] Africa P. INCREASING OFF-GRID ACCESS TO ELECTRICITY IN RWANDA
Addressing the Affordability Gap and Improving Lives through Solar Home
Systems Implementers PRO POOR RESULTS-BASED FINANCING;. Available
from: www.reg.rw.

[76] Rwanda Energy Group. Audited report and audited consolidated financial state-
ments. 2025 3. Available from: https://www.reg.rw/fileadmin/user_upload/
REG_Consolidated_Financials_Audit_Report_2023-2024.pdf.

[77] Ministry of Infrastructure. Energy sector strategic plan (ESSP 2018); 2018. Available
from: https://www.reg.rw/fileadmin/user_upload/Final_ESSP.pdf.

[78] Ministry of Infrastructure. Rural electrification strategy; 2016. Available
from: https://www.reg.rw/fileadmin/user_upload/Rural_Electrification_
Strategy.pdf.

[79] United Nations Economic Commission for Africa. Regulatory Review of the
Electricity Market in Rwanda: Towards Crowding-in Private Sector Invest-
ment;. Available from: https://res4africa.org/wp-content/uploads/2023/04/
RegulatoryReviewoftheElectricityMarketinRwanda.pdf.

[80] EPD, USEA, BUREA, KEREA, UNREEEA. STRENGTHENING THE OFF-GRID
SOLAR ELECTRIFICATION MARKET THROUGH IMPROVED POLICY AND
ADVOCACY IN EAST AFRICA; 2021. Available from: https://gogla.org/
wp-content/uploads/2024/12/final_nrea_report-compressed.pdf.

[81] EDP Rwanda. Energy Private Developers Association; 2025.

[82] XE. Rwandan Franc to US Dollar Exchange Rate Chart;. Available from: https:
//www.xe.com/currencycharts/?from=RWF&to=USD&view=10Y.

[83] Republic of Rwanda. Republic of Rwanda VISION 2050. 2020.

[84] Republic of Rwanda. National Strategy for Transformation (NST2); 2024. Avail-
able from: https://www.minecofin.gov.rw/index.php?eID=dumpFile&t=f&f=
112650&token=cb55b3319372c3f73528c46433b587ef72e8d4eb.

74

https://www.worldbank.org/en/news/press-release/2017/07/07/government-of-rwanda-and-the-world-bank-sign-agreement-to-increase-access-to-electricity-through-off-grid-renewable-energy.print
https://www.worldbank.org/en/news/press-release/2017/07/07/government-of-rwanda-and-the-world-bank-sign-agreement-to-increase-access-to-electricity-through-off-grid-renewable-energy.print
https://www.worldbank.org/en/news/press-release/2017/07/07/government-of-rwanda-and-the-world-bank-sign-agreement-to-increase-access-to-electricity-through-off-grid-renewable-energy.print
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?most_recent_value_desc=true
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?most_recent_value_desc=true
https://solargis.com/resources/free-maps-and-gis-data?locality=rwanda
https://solargis.com/resources/free-maps-and-gis-data?locality=rwanda
www.reg.rw
https://www.reg.rw/fileadmin/user_upload/REG_Consolidated_Financials_Audit_Report_2023-2024.pdf
https://www.reg.rw/fileadmin/user_upload/REG_Consolidated_Financials_Audit_Report_2023-2024.pdf
https://www.reg.rw/fileadmin/user_upload/Final_ESSP.pdf
https://www.reg.rw/fileadmin/user_upload/Rural_Electrification_Strategy.pdf
https://www.reg.rw/fileadmin/user_upload/Rural_Electrification_Strategy.pdf
https://res4africa.org/wp-content/uploads/2023/04/RegulatoryReviewoftheElectricityMarketinRwanda.pdf
https://res4africa.org/wp-content/uploads/2023/04/RegulatoryReviewoftheElectricityMarketinRwanda.pdf
https://gogla.org/wp-content/uploads/2024/12/final_nrea_report-compressed.pdf
https://gogla.org/wp-content/uploads/2024/12/final_nrea_report-compressed.pdf
https://www.xe.com/currencycharts/?from=RWF&to=USD&view=10Y
https://www.xe.com/currencycharts/?from=RWF&to=USD&view=10Y
https://www.minecofin.gov.rw/index.php?eID=dumpFile&t=f&f=112650&token=cb55b3319372c3f73528c46433b587ef72e8d4eb
https://www.minecofin.gov.rw/index.php?eID=dumpFile&t=f&f=112650&token=cb55b3319372c3f73528c46433b587ef72e8d4eb


Bibliography

[85] Ministry of Infrastructure. Energy Policy 2015. 2015. Available from:
https://rura.rw/fileadmin/Documents/Energy/RegulationsGuidelines/
Rwanda_Energy_Policy.pdf.

[86] Rwanda Energy Group. A CONCEPT NOTE ON THE RWANDA NATIONAL
ELECTRIFICATION PLAN (NEP)-2023 REVISION. 2023. Available from: www.
reg.rw.

[87] Rwanda Energy Group. WINDOW 5 OPERATIONS MANUAL Development
Bank of Rwanda; 2021. Available from: https://www.reg.rw/fileadmin/user_
upload/REF_Window_5_Operations_Manual_Version_4.pdf.

[88] The World Bank. RWANDA RENEWABLE ENERGY FUND PROJECT; 2017.

[89] World Bank. Rwanda- Renewable Energy Fund (REF) Project
(P160699) Implementation Support Mission. Available from: https:
//documents1.worldbank.org/curated/en/099122324084553306/pdf/
P160699164d7f203918e521530d7950ef93.pdf.

[90] Asian Infrastructure Investment Bank (AIIB). Accelerating Sustainable and Clean
Energy Transformation (ASCENT) Rwanda. 2024 4. Available from: https://www.
aiib.org/en/projects/details/2024/_download/Rwanda/AIIB-APD_P000756_
Accelerating-Sustainable-and-Clean-Energy-Transformation-ASCENT-Rwanda.
pdf.

[91] The World Bank. Additional Financing Appraisal Environmen-
tal and Social Review Summary. 2022 10. Available from: https:
//documents1.worldbank.org/curated/en/099020005252267028/pdf/
P17670702f7fc70f40b19d083b6fedc286e.pdf.

[92] Njuguna S Ndung. The M-Pesa Case Study The M-Pesa Case Study A Digital
Financial Services Revolution in Kenya: The M-Pesa Case Study;.

[93] REG. Solar home systems suppliers;. Available from: https://www.reg.rw/
what-we-do/offgrid-solutions/solar-home-systems/.

[94] Geels FW. Processes and patterns in transitions and system innovations: Refining
the co-evolutionary multi-level perspective. Technological Forecasting and Social
Change. 2005;72(6 SPEC. ISS.):681-96.

[95] Ritchie H, Samborska V, Ahuja N, Ortiz-Ospina E, Roser M. Gross enrolment ratio
in tertiary education, 1971 to 2023; 2023.

[96] ACLED. ACLED Conflict Index: Global conflicts double over the past five years -
ACLED;. Available from: https://acleddata.com/conflict-index/.

[97] ACLED. Conflict Watchlist 2025 - ACLED; 2024. Available from: https://
acleddata.com/conflict-watchlist-2025/.

[98] Economist Intelligence Unit. Democracy Index 2024: What’s wrong with represen-
tative democracy?; 2025. Available from: https://ourworldindata.org/grapher/
democracy-index-eiu.

75

https://rura.rw/fileadmin/Documents/Energy/RegulationsGuidelines/Rwanda_Energy_Policy.pdf
https://rura.rw/fileadmin/Documents/Energy/RegulationsGuidelines/Rwanda_Energy_Policy.pdf
www.reg.rw
www.reg.rw
https://www.reg.rw/fileadmin/user_upload/REF_Window_5_Operations_Manual_Version_4.pdf
https://www.reg.rw/fileadmin/user_upload/REF_Window_5_Operations_Manual_Version_4.pdf
https://documents1.worldbank.org/curated/en/099122324084553306/pdf/P160699164d7f203918e521530d7950ef93.pdf
https://documents1.worldbank.org/curated/en/099122324084553306/pdf/P160699164d7f203918e521530d7950ef93.pdf
https://documents1.worldbank.org/curated/en/099122324084553306/pdf/P160699164d7f203918e521530d7950ef93.pdf
https://www.aiib.org/en/projects/details/2024/_download/Rwanda/AIIB-APD_P000756_Accelerating-Sustainable-and-Clean-Energy-Transformation-ASCENT-Rwanda.pdf
https://www.aiib.org/en/projects/details/2024/_download/Rwanda/AIIB-APD_P000756_Accelerating-Sustainable-and-Clean-Energy-Transformation-ASCENT-Rwanda.pdf
https://www.aiib.org/en/projects/details/2024/_download/Rwanda/AIIB-APD_P000756_Accelerating-Sustainable-and-Clean-Energy-Transformation-ASCENT-Rwanda.pdf
https://www.aiib.org/en/projects/details/2024/_download/Rwanda/AIIB-APD_P000756_Accelerating-Sustainable-and-Clean-Energy-Transformation-ASCENT-Rwanda.pdf
https://documents1.worldbank.org/curated/en/099020005252267028/pdf/P17670702f7fc70f40b19d083b6fedc286e.pdf
https://documents1.worldbank.org/curated/en/099020005252267028/pdf/P17670702f7fc70f40b19d083b6fedc286e.pdf
https://documents1.worldbank.org/curated/en/099020005252267028/pdf/P17670702f7fc70f40b19d083b6fedc286e.pdf
https://www.reg.rw/what-we-do/offgrid-solutions/solar-home-systems/
https://www.reg.rw/what-we-do/offgrid-solutions/solar-home-systems/
https://acleddata.com/conflict-index/
https://acleddata.com/conflict-watchlist-2025/
https://acleddata.com/conflict-watchlist-2025/
https://ourworldindata.org/grapher/democracy-index-eiu
https://ourworldindata.org/grapher/democracy-index-eiu


Bibliography

76



A
Appendix 1

A.1 Interview questions for companies

1. Background of company and interviewee

a) Can you describe your role and give us some background on company’s
operations in Rwanda and beyond?

b) What products and services do you provide?

c) Can you describe the different types of projects your company is involved in?
Do you work on government-subsidized projects, sell directly to customers,
or use other business models?

d) Have the products and services evolved over time?

2. Challenges

a) What challenges have you met in the past and what challenges do you face
today?

b) Do you know if these challenges are unique to Rwanda or also exist in other
countries?

c) If Rwanda achieves full national grid coverage, what role do you see off-grid
solar playing?

d) How have these challenges been overcome?

3. Policy, financing and market

a) What policy has been relevant for you?

b) Are you taking part in subsidies?

c) What solutions do you see for a sustainable market?

d) Will subsidies always be needed?

e) How do you see policy changing or affecting you in the future?

4. The Future

a) What challenges and possibilities do you see for yourself and solar energy in
the future?
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A. Appendix 1

b) What comes after SHS?

5. EPD

a) Can you tell us a little bit about EPD?

b) Are you members of EPD?

c) What help have you received from EPD?

d) What do they do well?

e) If they had more resources what should they focus on improving?

6. Miscellaneous

a) Would it be possible for us to visit one of your on-site installations to better
understand how your systems work in practice?

A.2 Interview questions for policymakers

1. Can you describe your department’s role in Rwanda’s electrification efforts and what
is your responsibility?

2. How has electricity access in Rwanda evolved in recent years, and what do you see
as the biggest barriers to further increasing access rates?

3. What is the government’s strategy for balancing off-grid solutions like solar home
systems (SHS) and mini-grids with national grid expansion?

4. How does the government view the role of private sector actors in expanding
electricity access? If Rwanda eventually achieves full grid coverage, what role do you
see for private companies in the energy sector?

5. What are the main energy sources that the government is prioritizing for Rwanda’s
future energy mix?

6. Solar energy has primarily been used for off-grid solutions in Rwanda. Do you see a
larger role for solar in grid-based solutions, such as feed-in policies for “prosumers” or
large-scale solar energy projects?

7. Currently, relatively low electricity consumption levels are considered as “access
to electricity.” What is your view on the impact of small-scale solar home systems
(10–50Wp) on users’ daily lives and overall well-being?

8. In your opinion, what are the most effective strategies to ensure electricity access
reaches the very poorest communities in Rwanda? Can you share examples of policies
or initiatives that have been successful?
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A.3 Interview questions for Solar-PV users

1. Can you describe how having access to electricity has affected your daily life? What
are the most important changes in your household or business?

2. What challenges do you face with your current electricity access? What improve-
ments would make the biggest difference for you?

3. What do you enjoy the most about having electricity?

4. What types of appliances or services would you like to power with electricity in the
future? How would this improve your life?
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