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Abstract

The thesis discusses business models in the off-grid solar energy industry as an effective
tool for promoting sustainable energy transitions in developing countries with a specific
focus on Kenya. This research looks into the role decentralised renewable energy systems
and digital financial technologies can play in relation to sustainable development, paying

specific attention to Pay-As-You-Go (PAYG) solar systems.

Firstly, this dissertation analyses the current situation regarding energy transition processes
on the global stage as well as the increasing significance of renewable energy technologies
in tackling the problem of climate change, energy insecurity, and energy poverty. Specific
emphasis is put on the emergence of alternative energy options in regions where expanding

the grid network becomes too costly or technologically unfeasible.

Next, this dissertation focuses on the evolution of business models in the off-grid solar
sector. Special attention is paid to Pay-As-You-Go solar technologies, which utilise
renewable energy sources along with innovative mobile money technologies allowing poor
families access to electricity in exchange for small payments made in instalments. Kenya is
considered as one of the best-case scenarios for Pay-As-You-Go implementation owing to
the country's advanced mobile money infrastructure and wide use of decentralised solar

technologies.

Through the application of BMC and TBL approaches, the dissertation examines the
sustainable dimensions (economic, social and environment) of the current Pay As You Go
(PAYGO) business models. It concludes that although PAYGO technology has
tremendously enhanced energy access and inclusivity, its impacts on economic development
continue to be hampered due to the limited use of productive energy usage and scattered

household-level infrastructure.

In an attempt to mitigate the above challenges, the dissertation introduces the Hybrid
Community Energy Hubs (HCEH) approach as a conceptual business model. This model
seeks to demonstrate how decentralized renewable energy solutions can be used not only
for achieving electrification but also socio-economic development through energy access

coupled with productive economic activities and infrastructure development.
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Iepiinyn

H mopovoco dumhopotikny epyacio depeuvd Tov pOAO TOV ETYEPNUATIKOV HOVIEAW®V
NAKNG evépyelag ektog diktvov (off-grid solar business models) ot petapoocn mpog mo
Budoipa evepyelokd GUGTAUOTO OTIG AVOSVOUEVEG AYOPES, e Pootkr] LEAETN TepinTong
mv Kévoa. H épsuva eotidler otn oyéon petald amoKeVIpOUEVOV GLUOTNUATOV
OVOVEDGIUNG EVEPYEWNG, YNOLOKADV YPNUOATOOIKOVOUIKDV TEXVOAOYIDOV Kol Plrdoiung
OWKOVOUIKNG avdamtuéng, otvovtag taitepn Eugoon ota cvotiuate Pay-As-You-Go

(PAYG).

Apywcd, tapovotdletal To BewpnTikd VTOPaOPO TG TAYKOCUING EVEPYELNKNG UETAPOONC
Kot 0voADETOL 1] LEAVOLLEVT GNLOGTOL TOV AVAVEDGLULMOV TYOV EVEPYELNS OC ATAVTNOT) OTIG
TPOKANGELS TNG KAUOTIKNG OAAOYNG KOl TNG EVEPYEWKNG (OTOYEWS. XTI GUVEXELD,
€€etdlovTaol To OMOKEVTPMUEVO EVEPYELOKA GUGTILLOTO KO Ol TEXVOAOYIEG EKTOC SIKTVOV, OL
0Omoleg OMOTEAOVV U0 OVCLOOTIKY] AVOT Yo TEPLOYES LE TEPLOPIGUEVT TPOGPOAON OTIC

CLUPATIKEG EVEPYELNKES VOGO LES.

H epyacio eotialet eniong ota emyyeipnuatikd poviéda mov £xovy avarntuydel otov Topéa
NG NAKNG EVEPYELNG €KTOC OIKTVLOV, UE taitep ovoeopd ota cvotiuata PAYG, ta
omoio. ovVOLALOVY TNV MMOKN TEXVOAOYIDL HE YNOOKEC TANPOUES HECH KIVNTYG
mAepwvioc. H Kévvoa mapovsialetor o¢ éva amd to o emituynuévo mopadetypota
debvag, xdpn omv gvpeia 6140006M TOV YNOLOIKAOV Y¥PNULOTOOIKOVOUKADV DINPECLOV Kot
ot paydoio avldmTuén G amoKevipoUEvng oyopds evépyelns. H  avaivon tov
EMYEPNUATIKOV HOVTEA®V Tpaypatonoteitar pe tn ypnon tov Business Model Canvas
(BMC), evd n a&lordynon g Procipodmtds tovg Paciletor oto mhaicto Triple Bottom

Line (TBL), T0 omoio ££g1dlel TIG OIKOVOUIKES, KOWMVIKEG KOt TEPIPAAAOVTIKES O1UGTACELS

™m¢ Procpodmrog.

[MapdAAnia, n peAétn avadelkviel Kot TIC adVVAUIES TOV VPIGTAUEVOV HOVIEA®DYV, KUPIMG
o€ 0,TL 0QOPa TN HLoKPOTPODEGLT OIKOVOUIKT PLOGULOTNTO KoL TNV TEPLOPICUEVT] GUVIEST)
pe mopoywywés dpaoctnpromtes. [a tov Adyo avtd mpoteiveror 1o povtédo Hybrid
Community Energy Hubs (HCEH), 10 omoio ocuvovalel KowvOxpNnoTeES EVEPYELNKES
VTOOOUES, TOPOYMYIKEG YPNOES EVEPYEWS KOU YNOLOUKE YPMUOTOOOTIKE epyaAeion og

EMIMESO KOWOTNTOG.
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Yuvolkd, mn epyoacio vmootnpilel OTL TO OTOKEVIPOUEVO GUOTHUOTO OVOVEDGLUNG
EVEPYELOG UTOPOLV Vo GLUPAAOVY Oyt Lovo o Peltioon TG evepyelakng TpoSfaong, GAAG
KOl OTNV €VPVTEPT KOWVMOVIKOOIKOVOMIKTY avamtuln, otov cuvovaloviol pe KotdAAnia
EMLYEPTNUOTIKO LOVTELQ, TOPOUYMYIKES YPNOELG EVEPYELNG KOl GTPATNYIKEG PLycIudTnTOC 08

EMIMEdO KOWOTNTOG.

AéEerc — Kiewonwa

e Avaveooyues IInyég Evépyelag

e Hhwxn Evépyeto Extog Awctdov

e Yvotfuata Pay-As-You-Go (PAYG)

e Amnokevipopeva Evepyslokd Zvotpata
¢ Bioowa Emyepnuatikd Movtéla

e Evepyeiaxn Metdfoon
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List of Abbreviations

e BMC — Business Model Canvas

e ESMAP — Energy Sector Management Assistance Program
e GOGLA — Global Oft-Grid Lighting Association

o GSMA - Global System for Mobile Communications Association

e HCEH - Hybrid Community Energy Hubs

e [EA — International Energy Agency

o [RENA — International Renewable Energy Agency

e KPI - Key Performance Indicator

e PAYG —Pay-As-You-Go

e PV — Photovoltaic

e SDGs — Sustainable Development Goals

e SHS — Solar Home System

e TBL — Triple Bottom Line

e UNDP — United Nations Development Programme

Postgraduate Dissertation



“Anastasia Pavlopoulou”, “Business Models for Renewable

m SEEIFENIC Energy in Emerging Markets: A Case Study of Off-Grid Solar
UNIVERSITY Solutions in Kenya”

Table of Contents

ACKNOWIEAZIMENLS ...eeiuiiiiiiiieiiiee sttt s e e st e e sbe e e s be e s sabeeesabeeeaneas iv
DIAICATION ..ottt ettt ettt e s ae e et e st e st e e sae e et e e sbteeabeesbeeenbeenneenareens iv
F N o111 2T AP R PP UPTOPRRPPOPPON v
TLEP AT ettt bbb e b r e sre s viii
LSt Of ADDICVIATIONS .. ..eiiuieitieiiieeiie ettt ettt st ettt ettt e e bt e et e esaeesabeesbeesaneesaeesseesaeeens X
TabLe OF CONLENLS ....eoueiiiieeiieetee ettt ettt s e et e st e b e saeeebeesaeeeane Xi
LSt OF FIGUIES ..veiieiieeeeeeet ettt st Xii
LSt OF TaDIES...eeuieiiieeie ettt ettt sttt be e et e st e et e e st e ebeas Xii
L. INEEOAUCTION L.ttt ettt ettt e et e st st e e s it e e be e s st e e teesabeebeesaes 1
1.1 Background and CONtEXT........cceeuiriereriierieniieieneesie ettt s 1
1.2 Problem StAteIMENT ......eeuieiiieiieeieerite sttt ettt st sae e st e e s aee s neenae 2
1.3 Research Aim and ODBJECTIVES .......evuverririieriiriieieeiiesie ettt 4
1.4 ReSearch QUESTIONS .....cevuieriiiiiieeiieriie sttt ettt sttt st st sae e b e e i e sbeesaaesneenaee 5
1.5 Structure of the DiSSErtation........c.eeeeririierierieieeeese ettt 5

2. Literature Review and Theoretical Framework ..........ccccovoiiiiiriiiniiiececceeee e 7
2.1 INEEOAUCION ..ttt e et sae e e b e e sseeeneenaee 7
2.2 Global Energy Transition and Renewable Energy.........ccccocevviviiiniiniiniininiinicnen, 7
2.3 Decentralised Energy Systems and Off-Grid Electrification..........cccccevercveniennnnee. 11
2.4 Business Models in Renewable Energy Systems.........cccceveviviiiiniieniininiienecieee, 15
2.5 Sustainability and the Triple Bottom Line Framework..........c.ccccceecveniiiiiiiniinnennne. 19

3. MEthOdOLOZY ...veviiriiiiiiieii e 22
3.1 INEFOAUCTION ..ttt ettt ettt e et e e e s b e s teesbe e e b e e saeeereesaeeens 22
3.2 Research Approach ........c.ccoceviiiiiiiiiiiiiiec e 22
3.3 ReSEArch DESIZN.....ccviriiiiiiiiiiiiiiciene et 23
3.4 DAta SOUICES. ...eeeiurieiirieiiiee et et ettt sb ettt e e e st e e sab e e e s bt e e sabe e e sane e e sabeeseaneeas 23
3.5 Analytical Framework.........cccoceiiiiiiiiiiiiiiiiieicice e 24
3.5.1 Business Model ANALYSiS .......ccereieriiniiiiiiiiiiiiesieeeeeeie e 24
3.5.2 Triple Bottom Line (TBL) ....eooiiiiiiiiieiieeeeee e 25
3.5.3 Strategic and External Environment Analysis .......cccccocevvieniniiininiinicnenniennens 25

3.6 Data Analysis Procedure ..........cccceeviiriiiiiiiiiiiiicienceetee e 26
3.7 Research Credibility and Limitations.........ccecveervuieiniiieiniieeniieenieeesiee e 26
4.01t-Grid Energy in Kenya : Market analysis and business models........cc.cccceevueerruennnee. 28
4.1 Introduction and CONEXL.......eeveerrerieereieie e e 28
4.2 Kenya’s Energy Sector and the Role of Off-Grid Solar...........ccoccevevvieiniieiniiennnenn. 29
4.3 Business Models in Kenya’s Off-Grid Solar Market..........ccccceevviviniiiiniieeniiennneen. 32
4.4 Sustainability, Risks and Structural Limitations ..........cceccveervveeriieeniieeniieenieeenneenn 37
4.5 Hybrid Community Energy Hubs (HCEH) — Proposed Business Model.................. 41
4.6 Discussion and Strategic IMpliCations .........oecveeerueiinieeirieeeriee e 48

5. Conclusions and RecOmMmENndations ...........ccocueerieerieeneeiieeseeeie e 54
RETEIENICES ...t s 61

Postgraduate Dissertation xi



HELLENIC “Anastasia Pavlopoulou”, “Business Models for Renewable
OPEN Energy in Emerging Markets: A Case Study of Off-Grid Solar

UNIVERSITY Solutions in Kenya”

List of Figures

Figure 1: Global Growth of Renewable Energy Capacity (Source: IRENA 2025)............ 10
Figure 2 : Electricity Access Across Africa 2022 (Source: World Bank 2023) ................. 12
Figure 3: Operational Structure of the PAYG Solar Business Model ........c..cccccecverienenee. 16
Figure 4: Conceptual Framework of the Hybrid Community Energy Hubs (HCEH) Model
............................................................................................................................................. 45
List of Tables

Table 1: Comparative Business Model Canvas Analysis of Leading PAYG Providers.....34
Table 2: Triple Bottom Line Assessment of PAYG Systems in Kenya ........cccoceevviiennne 37
Table 3: Comparative Assessment of Decentralised Energy Models ...........cccceeveviiinennnne 42
Table 4: Indicative HCEH Pilot SCenario .........cccccovveviiiiiiniiiiiiiiiiiciicienecicecseceeee 43
Table 5: Proposed Key Performance Indicators for HCEH Projects .........cccecevieiiiiiennne 46
Table 6: Strategic Implications of the HCEH Model...........ccccceniiiiiiiniiiiniiiiiiiiiiene 52

Postgraduate Dissertation xii



“Anastasia Pavlopoulou”, “Business Models for Renewable

m SEEIFENIC Energy in Emerging Markets: A Case Study of Off-Grid Solar
UNIVERSITY Solutions in Kenya”

1. Introduction

1.1 Background and Context

There have been a number of key events that have happened within the energy industry in
recent times. There have been increased discussions surrounding the topic of climate
change, energy security, and sustainable development since more and more countries and
organizations are relying on renewable energy resources. The dependency on fossil fuels is
tied to greenhouse gases emission and the environmental problems that humanity is facing

right now (IEA, 2022; IPCC, 2021).

However, the lack of access to electricity has been another major issue. It has become
particularly widespread among some developing countries and especially countries of Sub-
Saharan Africa where the lack of electricity affects millions of individuals (World Bank,

2023). Therefore, this is why energy access is becoming a more pressing concern.

Another option is provided by off-grid solar installations. This type of solution is primarily
used in locations where it is challenging and economically unfeasible to develop the national
electricity grid network. Thanks to small solar systems functioning independently from the
national grid system, many households can be supplied with energy needs (International
Renewable Energy Agency [IRENA], 2022). Lowering the cost of solar technologies in

recent decades contributed greatly to the increased application of such solutions.

Nevertheless, technology itself is not sufficient for the success of these innovations. Access
of customers to such services also needs to be considered. For example, a Pay-as-you-go
(PAYG) model became possible due to which millions of households gained access to solar
energy through regular small payments, but not a single huge investment in equipment
initially (GSMA, 2022; Rolffs et al., 2015). PAYG model proved itself well in combination

with mobile payment methods in Kenya.

Indeed, today Kenya is recognized as one of the leading examples of off-grid solar
development in Africa. Kenya has demonstrated remarkable progress not only in terms of
renewable energy resources but also off-grid energy access. Mobile banking and mobile

payment options have been instrumental in the creation of business models which can also

Postgraduate Dissertation 1
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be tailored towards poorer people. This makes Kenya a unique example to study the

interplay between energy access, business model, and sustainable development.

Nevertheless, despite off-grid solar having made a positive impact on increasing access to
electricity, some questions remain open regarding its contributions to economic
development. Indeed, in many instances, such technologies help to meet basic demands for
lighting and mobile phone charging, yet are not instrumental in income-generating

activities.

From this, the aim of this paper is the consideration of how business models play a role in
the development of renewable energy systems in developing countries, with particular focus
on the use of off-grid solar systems in Kenya. The paper will also evaluate the sustainability
of existing business models through the Triple Bottom Line framework and explore whether
alternative approaches that integrate productive uses of energy can generate greater

developmental benefits for local communities.

1.2 Problem Statement

Although considerable advancements have already been made in renewable energy and
provision of electricity to emerging markets, there are some concerns with regards to
sustainability and efficiency of such solutions. Now off-grid solar technologies are quite
popular due to their affordability and efficiency in terms of providing electricity to rural and
remote communities. At the same time, the effectiveness of such an approach in stimulating

further growth of local economies remains doubtful.

There is a whole list of questions related to current models, especially to Pay-As-You-Go
(PAYG) Solar Home Systems. Such technologies have greatly facilitated access to
electricity of a lot of low-income families in terms of small installments and payments done
via digital services. In Kenya, for instance, PAYG Solar Home System greatly changed the

existing model of energy provision in the country.

The major problem with this type of innovation is its primary focus on fulfilling basic needs
(lighting, mobile phone charge). The amount of energy provided in such a case may be
insufficient for income generating activities (for example, running small enterprises,
agricultural processing). This implies that the process of economic development of the

community as a whole may suffer from such an approach.

Postgraduate Dissertation 2
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Moreover, this problem is relevant for sustainable business models as well. The PAYG
model presupposes the payment process throughout a prolonged period of time by users of
the services provided. Nevertheless, the situation arises when people are unable to make
continuous payments due to the absence of additional sources of income despite the
presence of energy. It poses a challenge for both the consumer and the service-providing

company itself.

In addition, the currently applied solutions mainly address households' problems. Fewer
efforts are made in the sphere of developing solutions for more complex and large-scale
consumption of energy aimed at increasing economic activity within the community.
Despite the emergence of alternative solutions such as mini-grids, limited attention has been
given to integrating the flexibility of PAYG financing with community-based infrastructure

capable of supporting productive uses of energy and broader local economic development.

In this regard, the aim of this study is to identify some of the possible ways for improving
this situation by exploring alternative approaches to off-grid solar technology applications
that could help increase both sustainability and positive developmental impacts of such
systems. In particular, this study explores the idea of Hybrid Community Energy Hubs, in
which the attention is focused on more productive uses of energy rather than mere
consumption of electricity. With the help of renewable sources, common energy facilities,
and different ways of financing, this approach allows for fostering more local development,

while keeping access costs and ecological consequences low.

Given the above, the general thesis of this study may be presented as follows: off-grid solar
energy business models have contributed greatly to increasing energy access and helping
people get connected to power grids, yet these models alone may be insufficient to deliver

the broader economic and developmental outcomes required for sustainable development.
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1.3 Research Aim and Objectives

The objective of this research is to determine the part that business models play in the

deployment of decentralised renewable energy systems, especially off-grid solar energy

systems in the Kenyan market. In this regard, this research seeks to establish the extent to

which current business models contribute towards sustainable development and to explore

possible ways of improving the contribution of such business models.

For this objective to be achieved, the research aims at accomplishing the following

objectives:

1.

To review the shift worldwide from non-renewable sources of energy systems to
renewable energy systems, especially decentralized and off-grid energy systems in

the emerging markets.

To review the components and characteristics of off-grid solar business models,

especially PAYG systems, with respect to their ability to increase energy access.

To measure the sustainability of current business models using the Triple Bottom

Line approach.

To determine the weaknesses of current off-grid solar systems, especially with

regard to productive uses of energy.

To develop and evaluate the Hybrid Community Energy Hubs (HCEH) concept as
an alternative business model designed to enhance the developmental impact and

sustainability of decentralised renewable energy systems.

To examine the implications of the proposed model in terms of strategy and practical
considerations for the companies, policymakers, and investors active in the

renewable energy industry.

In this way, the objectives of the research are meant to contribute to the body of knowledge

and practice regarding renewable energy business models.
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1.4 Research Questions

The following research questions will inform this investigation, and they are based on the

identified problem, research objective, and purpose, namely:

Primary Research Question
1. To what extent do contemporary off-grid solar business models contribute to
sustainable development in emerging economies, and how might alternative

business models enhance this contribution?

Sub-Research Questions
1. How does the application of renewable energy resources such as off-grid solar

power improve access to energy resources in emerging economies?

2. How can the PAYG business model be defined within the framework of the off-

grid solar market?

3. How successful have contemporary business models been in meeting the objective
of fostering sustainable development in economic, social, and environmental

spheres?

4. What are the shortcomings of existing off-grid solar technology in terms of

promoting productive use of energy resources and economic development?

5. How can these shortcomings be overcome by adopting alternative business

models such as Hybrid Community Energy Hubs?

1.5 Structure of the Dissertation

The dissertation comprises five chapters, each covering various aspects of the research topic.

o The first chapter will contain the introduction part. This chapter will provide a background
for the study along with the problem definition and objective. Furthermore, it will discuss
the research questions addressed in the dissertation.

e The second chapter will cover literature review. It will highlight relevant literature on global
energy transition, decentralised energy systems and business models for renewable energy.
Sustainability theories like Triple Bottom Line approach will be discussed as well.

o The third chapter will describe the research methodology used in the dissertation. This will

include research design, use of secondary data, case studies and analysis techniques applied
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in the research. The validity and reliability along with the limitations of the research will be
covered as well.

e The fourth chapter will discuss the findings of the dissertation. It will cover analysis of the
present day business models and their sustainability. Furthermore, the proposed Hybrid
Community Energy Hubs (HCEH) model will be developed and evaluated as an alternative
approach to decentralised electrification.

e The fifth chapter will conclude the dissertation by highlighting the findings. It will include
its theoretical and practical implications along with policy recommendations and future

research recommendations.
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2. Literature Review and Theoretical Framework

2.1 Introduction

Currently, there is a major shift taking place in the energy sector on account of
environmental issues, technological changes, and the requirement of sustainable economic
development. The use of renewable energy systems has received a lot of attention from
government institutions, international organizations, and even private players due to their
ability to lower carbon dioxide emissions, increase energy security, and also provide energy
to people who do not have access to electricity, especially in developing and emerging
nations. While global electrification has seen a lot of success, it must be noted that many
people remain without access to electricity, particularly those living in rural parts of Sub-

Saharan Africa.

In this chapter, an extensive review of the pertinent literature on the topic of study will be
conducted, along with the presentation of the theoretical underpinning for the study. Firstly,
the idea of the global energy transition and increasing importance of renewable energy
technology will be considered. Secondly, the discussion will be centred around
decentralised energy and the issue of off-grid electrification in the context of emerging
markets. Thirdly, the chapter will focus on business models utilised in the off-grid solar
industry, paying special attention to Pay-As-You-Go (PAYG) business models and
sustainable innovation in this sphere. Fourthly, the Triple Bottom Line theory will be

presented as the primary theoretical framework for the subsequent discussion.

2.2 Global Energy Transition and Renewable Energy

Today’s global energy system is undergoing a radical transformation process for various
reasons, some of which include environmental, economic, technological and geopolitical
perspectives. The said radical transformation process that is currently taking place is
referred to as global energy transition, and it entails the shift from traditional energy sources,
such as fossil fuels, towards renewable energy sources (International Energy Agency [IEA],
2022). The global energy transition is predominantly shaped by global concerns on climate

change, environmental degradation, energy security and sustainability issues.

Historically, during the industrialisation process, the world economy was fueled primarily

by fossil fuels like coal, oil, and natural gas. Fossil fuels contributed immensely to
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industrialisation and growth of national economies. However, as years progressed, the
traditional energy sources started becoming major players in greenhouse gas emissions and
therefore contributed immensely to climate change (Intergovernmental Panel on Climate
Change [IPCC], 2021). It is for this reason that pressures increased for decarbonisation and

energy transition.

Indeed, the agreement on climate reached at the end of 2015 in Paris became one of the key
achievements of the entire planet concerning the development of the climate agenda, as it
introduced an international framework for mitigating climate change and reducing carbon
emissions. For instance, it required the parties to introduce their own approach aimed at
reducing greenhouse gas emissions and usage of renewable energy sources. Moreover, the
European Green Deal provided a highly ambitious goal related to climate neutrality in the

EU countries by 2050, thus highlighting the role of renewable energy investments.

However, apart from the purely environmental aspect, energy transition on the global level
is related to the issues of energy security and geopolitics, which became highly relevant due
to recent geopolitical tensions and instability in the global energy market. As a result,
renewables became considered not only as an environmental approach but also as a

geopolitical and economic issue (IEA, 2022).

There have been impressive advancements in renewable energy technologies like solar,
wind, hydropower, geothermal and biomass within the past two decades. Technology
advances and economies of scale, alongside the appropriate policies, have resulted in great
strides towards reducing the cost of producing renewable energy (IRENA, 2022). In many
regions, solar photovoltaics have become one of the most cost-competitive sources of new

electricity generation, often outperforming conventional fossil-fuel alternatives.

There is a strong association between an increase in renewable energy technology and an
increasing concern about the sustainability of energy based on hydrocarbons. Oil, natural
gas, and coal have been used for over a century to develop economies, offering energy that
was dependable and affordable in terms of running industrial activities, transportation, and
even household activities. Nonetheless, the adverse effects associated with the burning of

fossil fuels have prompted the need for renewable energy systems.

Renewable energy has some environmental benefits as compared to hydrocarbons since they

have fewer operational emissions, and they depend on natural energy rather than limited
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natural resources. Renewable energy systems play a crucial role in mitigating climate
change and contributing to efforts by the world to achieve its decarbonization goals. With
the advancement of technology, it has become economically favorable to use renewable

energy systems.

However, the shift from hydrocarbons to renewable energy does not come without its own
difficulties. Energy generation systems based on renewable energy sources can encounter
problems linked to intermittency, energy storage, and integration into existing
infrastructure, whereas the use of hydrocarbon energy sources continues to be supported by
an already functioning supply chain and infrastructure with higher energy density.
Therefore, modern energy shifts tend to occur gradually and through diversification, rather

than abrupt replacement, of the energy sources.

Improvements in energy efficiency of renewable energy technologies have shifted the focus
of investments in the global energy industry. Renewable energy technology investments
have gained momentum due to various climate finance initiatives, green bonds and ESG
investment approaches. Renewable energy investments are increasingly preferred by
development banks and institutional investors because of their positive contribution to the

achievement of the sustainable development goals.

However, it is important to highlight that an energy transition is a much bigger process
which involves significant shifts in economic and industrial structures related to energy. The
term just energy transition refers to fair distribution of both positive outcomes and negative
consequences associated with the transition from a carbon-based economy to a sustainable

one (Sovacool, 2021).

The topic of energy and development becomes particularly pertinent when we speak about
developing countries. While developed countries work on minimizing greenhouse gases and
pursuing decarbonization strategies, there are problems concerning energy access and
building infrastructure in some developing countries. According to the data gathered by the
World Bank (2023), there is a huge population of people without access to electricity living

in Sub-Saharan Africa.

Thus, the dual problem faced by developing economies — providing more people with access
to energy sources and building sustainable energy systems — is what makes them critical

players within energy policies discussions worldwide. Centralized electrification entails
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massive expenditures and significant periods of implementation making it inefficient for
isolated and impoverished regions. The importance of decentralized renewable energy

projects becomes obvious in such cases (ESMAP, 2020).

Figure 1 shows the rapid growth in renewables capacities worldwide experienced
throughout recent decades. Growth in renewables can be attributed to decreasing prices for

the technologies and growing support from governmental and international investments.

Global installed renewable energy capacity by technology
Measured in gigawatts (GW).
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Data source: IRE!

Figure 1: Global Growth of Renewable Energy Capacity (Source: IRENA 2025)

As depicted in the graph below (Figure 1), the capability of renewable energy in the world
has witnessed a tremendous growth rate in recent years, especially solar and wind energy
that is considered among the fastest-growing energy sources in the world. The rise in the
use of renewable energy sources proves the significance of renewable energy sources in the

process of decarbonization of the global economy.

In this respect, off-grid renewable energy systems have gained much popularity in the
international community due to their scalability and flexibility that enable them to operate
regardless of national electricity grids. The evolution of technology pertaining to solar

energy, batteries, and digital services has rendered these energy systems efficient and
affordable.

The topic of digitalisation should also be mentioned in the context of the energy transition.
Modern technologies such as smart grids, mobile payments, digital solutions and many

others have been used to develop energy sectors. The adoption of digital finance in
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combination with renewable energy in emerging economies has created novel opportunities

to deliver energy and engage clients within the decentralized energy market.

Nevertheless, even though much progress has been made in the field of renewable energy,
there remain several issues that require solving. For example, the following issues may
appear when working with renewable energy systems: problems associated with
intermittency, storage, and integration and regulation of renewable energy systems in the
infrastructure (IEA, 2022). Besides, the use of renewable energy systems on a global scale
can result in some issues including sustainability throughout the lifetime cycle, proper waste

management for electronic equipment, and access to minerals.

On balance, the energy transition is a complex process that entails changes in environmental,
technological, economic and social spheres. Renewable energy systems play an important
role in the context of the global energy transition because they help to decrease emissions,
provide energy security and promote sustainable development. Nevertheless, the success of
renewable energy systems is not only dependent on technological advancements but also on

developing proper business models and institutional frameworks.

This factor is especially important in the case of emerging markets where renewable energy
systems have to solve two equally important tasks — sustainability and energy access. The
next section will analyse decentralised energy systems and off-grid electrification in more

detail.

2.3 Decentralised Energy Systems and Off-Grid Electrification

Decentralized energy systems are now recognized as becoming a vital aspect of the
electrification process at a global level, particularly for developing and emerging economies
where conventional electricity networks are either non-existent or limited. Decentralized
energy systems are distinct from centralized energy systems in that decentralization refers

to electricity production and supply near the demand.

It is primarily energy access issues within rural areas and geographically remote locations
that have made decentralized electrification more important than ever before. In almost all
developing countries, extending the national grid into rural and remote regions has proven
to be economically infeasible owing to factors such as low population density and the

absence of supporting infrastructure (World Bank, 2023). This is why decentralized
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renewable energy systems have been recognized as economically viable options towards

solving rural electrification challenges.

Despite the progress that has been witnessed in the field of electrification in recent years,
many African countries still face issues regarding access to electricity. Electricity access

levels in various African countries are illustrated in Figure 2 below.

Share of the population with access to electricity, 2022
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Figure 2 : Electricity Access Across Africa 2022 (Source: World Bank 2023)

As shown in Figure 2 , there are tremendous differences in electricity access percentages in
the African continent, where some Sub-Saharan countries still show relatively low
electrification percentages. These differences indicate the inefficiencies of grid-based

electrification and hence make the use of off-grid renewable energy technologies justified.

Off-grid energy solutions include Solar Home Systems (SHS), mini-grids, and other off-
grid renewable energy technologies, which can be utilized without being connected to
centralized grids. There have been tremendous improvements in photovoltaic systems,
battery storage systems, and energy management systems in the last ten years that have

made off-grid systems much more effective and affordable (IEA, 2022).
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Among the off-grid technologies, solar photovoltaic systems have become particularly
important because of their reduced costs, modularity, and scalability. SHS is widely used
for providing basic electricity needs such as lighting, charging cellphones, and powering up
small electronics. These systems have increased the quality of life as well as reduced

dependence on non-renewable electricity generation technologies such as kerosene.

Nevertheless, it would be wrong to attribute the advantages of decentralized energy supply
only to electricity availability. The notion of productive use of energy (PUE) has gained
increasing popularity recently, referring to the application of electricity in income
generation through irrigation, cooling, processing food crops, and manufacturing products
using small-scale machinery. As recent studies show, decentralized energy systems based
on renewables may become key in addressing energy access issues in the Sub-Saharan
region of Africa. According to Babayomi et al., (2023), renewables-based mini-grids appear
to be a viable alternative for rural electrification in areas where conventional extension is

financially unsustainable.

As mentioned above, productive use of energy can greatly increase the developmental
power of electrification efforts. Indeed, according to ESMAP (2023), productive-use
applications contribute to increased local production, entrepreneurship, and economic
resilience. Likewise, the Efficiency for Access Coalition (2024) emphasizes that productive
use of energy helps improve both rural livelihoods and financial viability of decentralized

energy supply solutions.

The distinction between electrification and productive use of energy is particularly relevant
in the context of developing markets where access to electricity allows enhancing living
standards while economic growth requires more efficient systems capable of promoting
entrepreneurial activity. As a result, the academic community emphasises the need to move

beyond connection goals in favour of development goals.

Another distinctive feature of decentralised energy systems is their association with
digitalisation. Innovations like mobile money services, smart metering devices, and digital
payments have transformed the economics of off-grid electrification in an unprecedented
way. Thanks to digital finance, renewable energy products and services are now available

for customers in developing countries using various flexible payment models. Kenya has

Postgraduate Dissertation 13



OPEN Energy in Emerging Markets: A Case Study of Off-Grid Solar

HELLENIC “Anastasia Pavlopoulou”, “Business Models for Renewable
UNIVERSITY

Solutions in Kenya”

become one of the most promising instances of how the dynamics of decentralized
renewable energy systems and digital finance are intertwined. The popularity of mobile
money services, such as M-Pesa, has led to favorable conditions for creating new funding
approaches, including pay-as-you-go. Digital payment infrastructure has contributed to
lowering transaction costs and improving repayments collection as well as allowing
renewable energy companies to access underdeveloped areas. For this reason, Kenya can be
considered a leader in off-grid solar power installation and is a good example of the impact

of digital finance on renewable energy.

However, there are some limitations to decentralised renewable energy technologies. The
technical issues relating to battery lifespan, their maintenance and ability to store energy are
relevant. In addition, a system of individual household systems would lower the possibilities

of gaining economies of scale in terms of renewable energy use.

Furthermore, the regulation policy relating to the use of decentralised renewable energy
systems could be considered a limitation. For example, legislation in developing countries
has not developed licensing or tariffs policies for incorporating such systems into

electrification schemes in national energy programmes.

However, decentralised renewable energy systems are still very relevant for current energy
transition processes. Thanks to their flexibility and scalability, they can be easily
incorporated into the Internet-of-things framework, making them perfect tools to solve
energy access issues in emerging economies. Moreover, thanks to productive uses and
infrastructure initiatives, there is a growing possibility that decentralised energy systems
might not only provide energy access but become tools of economic development of

communities too.

That being said, there has been increasing interest in creating business models that would
make it possible to deploy and finance off-grid renewable energy systems successfully. This
question will be considered in the next chapter in relation to the evolution of business models

in the off-grid solar industry and PAYG systems.
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2.4 Business Models in Renewable Energy Systems

Rapid growth of decentralised renewable energy systems in developing economies has
created a strong focus on the creation of innovative business models that will be able to
promote sustainability and energy access simultaneously. In many economically
underdeveloped countries, standard models of providing access to electricity services are
not appropriate owing to a lack of infrastructure, financial restrictions and institutional
barriers. Therefore, businesses engaged in renewables are increasingly using customer-

focused business models to increase accessibility and scale of their operations.

Innovation of the business model concept has been critical for the off-grid solar industry in
particular. Business models have been defined by Teece (2010) as means for the generation,
delivery and capturing of value. Similarly, business models are viewed by Osterwalder &
Pigneur (2010) as tools used for explaining how organizations create value to themselves
and other participants by connecting different business activities. Business models are
especially relevant for the renewable energy sector due to the importance of additional

elements beyond technology.

Perhaps one of the most innovative business strategies developed in the off-grid solar
industry has been the concept of Pay-as-you-go (PAYG). PAYG business models involve
the integration of renewable energy solutions with financial digital tools, which allow
consumers to pay for their electricity needs in flexible instalments as opposed to paying
large sums at once (GOGLA, 2023). Such a solution helps overcome affordability
challenges and allows the companies to work efficiently in areas of low income and

dispersed population density.

PAYG systems have been developed due to the rise of mobile finance in developing
countries, especially in East African countries. Digital payment tools like M-Pesa helped
renewable energy companies implement an automated process of repayments, reducing
costs of transaction as well as increasing access to customers (GSMA, 2022). Therefore, the
use of mobile finance in renewable energy production is an example of convergence of
digitalisation and sustainable energy solutions.The operational process of PAYG systems

involves renewable energy solutions and remote monitoring and payment technologies. The
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following diagram shows the simplified operation of a PAYG system in the solar energy

market
1. 2. 3. 4. 5.
Installation of solar Energy service Consumers make Energy service Customer enters the
home system provider sends payment payments using provider confirms code into the PAYG
reminder to customer mobile money receipt of payment home system
through SMS and sends a
I unique code
7. 6.
Electricity supply is System is unlocked
cut off once the and electricity supply
payment expires, and an is kept on for the
SMS reminder is prepaid number
again sent to the of days
customer
Based on: Energypedia (n.d.).

Figure 3: Operational Structure of the PAYG Solar Business Model
(Source: GOGLA (2024) and Energypedia)

As seen from Figure 3: Operational Structure of the PAYG Solar Business Model PAYG
financing solutions incorporate payment processing, identity verification and electricity
provision under flexible financing arrangements. As a result, consumers can use the services
of renewable energy providers without having to make large upfront investments in these
services. Such a scheme greatly facilitated the adoption and spread of off-grid solar energy

solutions in emerging economies.

The Kenyan market of off-grid solar energy products has become one of the best illustrations
of PAYG financing solutions. Providers like M-KOPA, Sun King and d.light have been able
to successfully combine the provision of solar technologies and finance management,
developing highly scalable businesses which were able to impact the lives of millions of
people. These companies showed that decentralised renewable energy technologies could
be used not only to solve development problems but also to conduct profitable business

operations.
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Nonetheless, PAYG models come with their own limitations. Among these, the repayment
risk and the ability of consumers to afford such payments stand out. In many cases,
consumers live in unstable economic environment or engage in economic activity without
formal registration. Thus, repayment capabilities could change depending on seasonality,

agricultural productivity and other factors (GOGLA, 2023).

Another crucial issue is the problem of operating costs and managing the infrastructure. In
this regard, off-grid renewable energy businesses normally operate in scattered rural areas
in which transportation and maintenance costs will still be fairly high. Issues like battery
replacements, technical assistance, and durability might be other aspects influencing the

operational sustainability.

Moreover, there is an objection to the notion that some of these PAYG schemes are more
consumption-oriented than development-oriented. In the case of Solar Home Systems, these
schemes provide services such as lighting and charging of mobile phones, but do not provide
sufficient services to enable productive activities. Consequently, although communities are
able to access electricity, this does not contribute significantly to income generation and

broader development in the respective communities.

As such, this has triggered significant academic and organizational interest regarding
sustainable business model innovation in the renewable energy sector. As highlighted by
Bocken et al. (2014), the objective of sustainable business models is the creation of value
not just in terms of economy, but also socially and environmentally. Modern studies focus
on how sustainable business model innovation is important in supporting sustainability
transitions by ensuring that business models incorporate environmental, social inclusivity
and economic sustainability (Bocken & Konietzko, 2022). Regarding off-grid solar
technologies, this is accomplished through the integration of renewable energy, financial
inclusion and digital technology innovations together with objectives in terms of community
development. This multi-disciplinary approach to sustainability is similar to the Triple

Bottom Line concept introduced by Elkington (1997).

Furthermore, recent developments in the market have shown that the solar power industry
continues to grow in developing areas as a result of falling prices for solar panels, rising

investor confidence, and increased usage of mobile payments (GOGLA, 2024). This shows
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that just as technological advancements play a role in the success of decentralised energy

projects, innovations in business models are crucial as well.

Regarding decentralised energy systems, sustainable business model innovation is
increasingly focused on productive use integration, community involvement and
infrastructure sharing strategies. The scholarly literature suggests that the future renewable
energy systems might have to go beyond household electrification in order to ensure

productive uses at the community level.

A further important issue in relation to decentralised energy systems is their potential role
in local development. Unlike traditional electrification models, which typically concentrate
only on ensuring higher connection rates, the emphasis is increasingly placed on
development goals, such as entrepreneurship, job creation and social inclusion. These
broader perspectives demonstrate the understanding that energy systems should serve not

only as infrastructure projects but also as socio-economic transformation tools.

Another significant area to consider is that of financing of decentralised energy projects.
Hybrid financing models that involve development banks, impact investing, climate finance
schemes and private sector investments are increasingly seen as crucial for the scaling up of

renewables in developing countries.

At the same time, digitalization continues to change the business models in the renewable
energy industry. In this context, such digital tools like smart meters, among others, may
prove useful to help optimize operations, manage debt collection, and better understand
consumer behaviors. The interplay between digitalization and decentralization could create

further opportunities in the off-grid space.

In conclusion, there is a growing body of evidence that business model innovation has
played an important role in the success of decentralized renewable energy models. In
particular, the Pay-as-you-go model has proven to be very efficient in increasing access to
electricity in developing countries; at the same time, its potential developmental
contribution will remain limited until electrification is accompanied by productive uses and

development projects.
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The above discussion highlights the growing importance of sustainable business model
innovation in the renewable energy sector. The next section introduces the Triple Bottom
Line framework, which provides the theoretical basis for evaluating the economic, social

and environmental sustainability of off-grid solar business models.

2.5 Sustainability and the Triple Bottom Line Framework

Sustainability is one of the key principles applied by modern enterprises in order to create
strategies that will combine economic growth and sustainable development on the one hand
and environmental protection on the other hand. With renewable energy systems becoming
a part of sustainable development, it is necessary to find appropriate ways of measuring the
performance of such organizations. One of the most widely recognised frameworks for
assessing sustainability is the Triple Bottom Line (TBL) approach introduced by Elkington
(1997) and subsequently applied across numerous sustainability and business model studies

(Schaltegger et al., 2016).

According to the principle of the Triple Bottom Line, the assessment of organizational
performance should not only include economic achievements but also address social and
environmental results. In such a way, the notion of value creation goes much further than
just generating profits and includes such important components as economic, social and

environmental sustainability.

On the economic level of sustainability in the TBL approach, financial sustainability,
efficiency, and value generation become important. In the field of renewable energy,
sustainability from an economic perspective relates to affordability, attractive investments,
scalability, and financial sustainability of business models in the field. In terms of off-grid
solar systems, financial sustainability needs to be combined with the need to make electricity
affordable for customers while at the same time ensuring that energy companies can operate
effectively. Among innovative business models in the renewable energy field, Pay-As-You-

Go becomes relevant.

At the social level of sustainability in the TBL approach, the influence of business on people
and society becomes critical. At the social level of sustainability in the realm of renewable
energy, energy access improvements, poverty reduction, social inclusion, education

improvement, and the overall enhancement of people's quality of life should be considered.
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The implementation of decentralized power plants can yield considerable social gains in that

electricity will be accessible to previously underprivileged communities.

Environmental considerations include conserving natural resources and the reduction of
environmental impacts from the operations of businesses. Renewable energy systems are
viewed as environmentally friendly in the sense that their carbon footprint is much less
compared to the fossil fuel options. Solar energy serves as one of the examples where
renewable energy helps to address the problem of climate change. Environmental
sustainability means not only conservation but waste management and considering all kinds

of life cycle effects that might emerge with regards to any energy technologies.

In recent times there have been significant shifts in sustainability research which contributed
to the expansion of the use of business models to the area of sustainability. In particular,
Geissdoerfer et al. (2023) note that sustainable business models serve as the drivers for
transformation to ensure consistency between economic development and sustainability.
Similarly, Bocken and Konietzko (2022) stress that business model innovations play an
important role in solving problems related to sustainability by integrating value creation
processes. It emphasizes the importance of using the TBL in assessing renewable energy
projects in emerging countries. Consequently, the TBL framework provides an appropriate
analytical lens for evaluating whether renewable energy business models create balanced

economic, social and environmental value.

One of the key elements of the Triple Bottom Line theory is the understanding that these
three components are mutually dependent. Excellent environmental performance without
financial profitability or social benefit would not make a project sustainable. In addition, a
project that is economically successful may still be viewed as unsustainable if its
environmental performance is poor and/or it fails to generate positive outcomes for local
communities. Thus, sustainable development should involve consideration of all three

aspects at once.

Another reason why the Triple Bottom Line model is especially useful for the analysis of
decentralized solar PV systems operating in developing countries is that although such
systems are usually sold for their environmental benefits, their sustainability in the long run
also involves financial viability and social performance. This way, the TBL concept enables

comprehensive evaluation of the results produced by the solar power solutions.
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For this reason, the Triple Bottom Line framework is particularly suitable for evaluating
renewable energy business models operating in emerging markets, where economic
development, social inclusion and environmental sustainability are closely interconnected.
The framework provides a holistic perspective that allows researchers and policymakers to
assess whether renewable energy initiatives generate balanced value across all three

sustainability dimensions.

In this dissertation, the TBL approach is used as the main sustainability perspective under
which the off-grid solar business models are assessed. The TBL framework is subsequently
applied in the Kenyan case study presented in Chapter 4 in order to evaluate the
sustainability performance of both existing PAY G business models and the proposed Hybrid
Community Energy Hubs (HCEH) concept across economic, social and environmental

dimensions.
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3. Methodology

3.1 Introduction

This chapter presents the methodology used to prepare this thesis, as well as the way in
which the key research issues are approached. More specifically, the research design, the

research approach chosen, the data sources and the analysis tools used are described.

The work 1is interdisciplinary in nature, combining elements from the renewable energy
sector, business strategy and economic development. For this reason, the methodology
chosen emphasizes mainly on strategic evaluation and qualitative analysis of business

models and not on technical or mechanical optimization parameters (Yin, 2018).

To this end, the research relies exclusively on secondary data, such as academic studies,
reports of international organizations and available statistical sources. At the same time, the

limitations arising from the use of this type of data are also mentioned.

3.2 Research Approach

This research is based primarily on a qualitative and exploratory approach, with the aim of
understanding how off-grid solar business models develop and operate in emerging markets.
The qualitative approach was chosen because the study focuses more on understanding

strategies and business practices than on technical metrics or statistical models (Yin, 2018).

The oftf-grid solar energy industry is in constant evolution, as businesses constantly adapt to
new technologies, market changes and consumer needs (GOGLA, 2023). For this reason,
the research is also exploratory in nature, trying to better understand how these business

models are shaped in practice.

At the same time, a comparative approach is used, since different companies are examined
within the same national environment. Through this comparison, both common practices
and differences in the strategies followed by companies in the sector can be seen

(Osterwalder & Pigneur, 2010).

This specific methodological approach is often found in research related to renewable
energy sources, especially developing economies, where understanding the local economic

and institutional framework is considered important for market analysis (Pueyo, 2018).
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3.3 Research Design

The research design is based on a single-country case study, with Kenya as the main case of
analysis. The choice of this approach is considered appropriate, as it allows for the
examination of real economic and social conditions that influence the development of oft-

grid solar energy business models (Yin, 2018).

Kenya was chosen because in recent years it has shown particularly strong growth in the
field of off-grid solar systems, mainly through Pay-As-You-Go (PAYG) models (GOGLA,
2023). In many rural areas of the country, access to stable electricity supply remains limited.
For many households, small autonomous solar systems have been a more practical and

economical solution compared to connecting to the main grid.

Equally important was the widespread use of mobile money in Kenya. Services such as M-
Pesa enabled consumers to pay for equipment in installments, through small digital
payments (GSMA, 2022). This was particularly helpful for lower-income households, who

would have difficulty covering the total initial purchase cost.

Another reason for choosing Kenya is that the country’s off-grid energy market has been
extensively studied by international organizations and research institutions. Thus, there is

available evidence and secondary data that can support the research (World Bank, 2023).

The analysis focuses on companies such as M-KOPA, Sun King and d.light. These
companies are used as examples of different business approaches in the off-grid solar energy
sector and not as a statistically representative sample of the entire market. In this way, a
more meaningful examination of how these specific business models operate within the

same economic and institutional environment is made.

3.4 Data Sources

The research is based exclusively on secondary data, which were collected from academic
studies, reports of international organizations and publications related to the energy sector.
The sources used include scientific articles, policy reports, industry reports and corporate
reports related to the development of off-grid solar energy. Among the main sources of the

research are the International Energy Agency (IEA), the World Bank, the United Nations
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Development Programme (UNDP), Sustainable Energy for All (SEforALL), GOGLA,
GSMA, the Energy Sector Management Assistance Program (ESMAP), the International
Renewable Energy Agency (IRENA), and the Efficiency for Access Coalition (IEA, 2022;
World Bank, 2023; GOGLA, 2024; ESMAP, 2023).

The use of secondary data was considered appropriate for this work, as the off-grid solar
energy sector has developed significantly in the last decade and there is already a lot of
material available from international organizations, companies and previous research. This
allows for the use of different sources of information and the comparison of data, which

contributes to better reliability of the analysis (Yin, 2018).

At the same time, this choice is also linked to the objective of the work, which focuses more
on the strategic and business dimension of the industry and less on technical or engineering
analyses. For this reason, it was not deemed necessary to conduct primary research, such as

interviews, field surveys or technical system measurements.

3.5 Analytical Framework

To structure the analysis and ensure consistency, the study employs a combination of

established business and sustainability frameworks.

3.5.1 Business Model Analysis

The Business Model Canvas (BMC) by Osterwalder & Pigneur (2010) is used to analyze
the business models of the research. This tool was chosen because it offers a relatively
simple and organized way of presenting the way in which a business operates and creates

value.

Within the BMC framework, elements such as the value proposition of each company, the
customers it addresses, the distribution channels, the revenue sources, the cost structure, the
basic resources and the partnerships that support the operation of the business are examined.
In this way, it becomes easier to understand and compare different business models in the

off-grid solar energy sector.

The Business Model Canvas is widely used in strategic management and business analysis,

especially in markets characterized by innovation and rapid change. For this reason, it was
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considered appropriate for this specific work, as it helps to better understand the way in

which off-grid solar companies develop and adapt to the conditions of emerging markets.

In Chapter 4, the Business Model Canvas is applied comparatively to M-KOPA, Sun King
and d.light in order to examine differences in value propositions, customer segments,
revenue streams, cost structures and key partnerships. This comparative analysis provides a
structured basis for evaluating how different firms create, deliver and capture value within

the Kenyan off-grid solar market.
3.5.2 Triple Bottom Line (TBL)

The Triple Bottom Line (TBL) framework is also used to assess the sustainability of
business models. This framework examines the operation of a business through three basic

dimensions: social, environmental and economic (Elkington, 1997).

The use of TBL was deemed useful for this work because it allows for a more
comprehensive approach to the sustainability of off-grid solar business models. Thus, the
analysis is not limited only to the financial results or profitability of companies, but also
takes into account issues such as access to energy, the potential reduction of emissions and

the social impact that specific energy solutions may have on local communities.

The Triple Bottom Line is used quite often in studies related to renewable energy sources
and sustainable development, as it helps to better understand the overall impact of a business

model over time and not only its financial performance (Pueyo, 2018; UNDP, 2021).

In this thesis, the TBL approach will be used to evaluate the sustainability of not only the
current PAYG energy business models but also the new Hybrid Community Energy Hub
idea along economic, social, and environmental lines. Through this evaluation process, it

will be possible to compare different business models for renewable energy projects.

3.5.3 Strategic and External Environment Analysis

For the purposes of the analysis, SWOT analysis elements are also used to examine the main
advantages and disadvantages of the off-grid solar energy sector in Kenya, as well as the

opportunities and difficulties that affect its development. This specific approach helps to
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better understand both the internal characteristics of the sector and the external market

conditions.

At the same time, elements of the PESTEL framework are also utilized to examine the
broader environment in which businesses in the sector operate. The analysis takes into
account political, economic, social, technological, environmental and legal factors that can

influence the course and development of the market (OECD, 2021).

The use of these tools allows for a more organized approach to the analysis and helps to
better capture the risks, constraints and potential opportunities that exist for off-grid solar

businesses in Kenya.

3.6 Data Analysis Procedure

The data analysis follows a structured qualitative process consistent with established case

study research methodologies (Yin, 2018). The procedure consists of six main stages:

e Systematic review of academic and institutional literature

e Identification and categorisation of dominant off-grid solar business models
e Comparative analysis of selected firms using the Business Model Canvas

e Evaluation of sustainability impacts using the Triple Bottom Line framework
e Identification of structural gaps and limitations in existing models

e Development of an original conceptual proposal, the Hybrid Community Energy

Hubs (HCEH) model

This step-by-step process ensures that the analysis is transparent, replicable and grounded

in existing literature.

3.7 Research Credibility and Limitations

Although the research is not based on primary data, an effort was made to ensure that the
data used was as reliable as possible. For this reason, mainly scientific articles, reports of
international organizations and publications related to energy access and renewable energy

sources are used. The main sources of the work are organizations such as the International
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Energy Agency (IEA), the World Bank and GOGLA, which are often used in the relevant
literature (IEA, 2022; World Bank, 2023).

At the same time, the data does not come from only one source. Information and data are
compared between different reports and studies, in order to have a more comprehensive
picture of the off-grid solar energy sector and to reduce the possibility of a one-sided
approach. In addition, tools such as the Business Model Canvas and the Triple Bottom Line
are applied in the same way in all cases examined, so that there is greater consistency in the

analysis (Yin, 2018).

The work does not include interviews or collection of personal data, as all the data used is

publicly available. For this reason, no ethical approval process was required.

However, there are some limitations. The use of only secondary data means that the research
is based on existing information rather than direct field research. Thus, some local
conditions or practices may not be fully captured. Furthermore, the analysis focuses only on
Kenya, which limits the generalizability of the results to other markets. Also, some corporate
reports may mainly present positive results and less on the difficulties or weaknesses of the

companies (GOGLA, 2023).

Despite these limitations, this methodological approach is considered appropriate for the
objectives of the work, as it allows for a more strategic and comprehensive approach to the

off-grid solar energy sector in emerging markets.
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4.01f-Grid Energy in Kenya : Market analysis and business
models

4.1 Introduction and Context

This chapter presents the case study of off-grid solar energy in Kenya, with the aim of
examining how this market works, which business models dominate and whether they can
be considered sustainable at an economic, social and environmental level. At the same time,
the theoretical concepts and methodology presented in the previous chapters of the work are

applied in practice.

Although access to electricity has improved significantly in recent years worldwide, in many
emerging economies — and especially in rural areas — many people still do not have stable
and affordable electricity. Within this environment, off-grid solar systems have begun to be
used increasingly as a more flexible and relatively low-cost solution. The reduction in the
cost of solar technologies and the possibility of gradual financing have significantly helped

the development of this market.

Kenya is one of the most characteristic cases of off-grid solar energy development in Africa.
The widespread use of mobile payments and platforms such as M-Pesa have enabled many
companies to develop business models that enable households to access electricity through
small and flexible payments. For this reason, the country is considered particularly
interesting as a case study on the relationship between energy access, business models and

sustainable development.

From a business and strategic perspective, the off-grid solar energy sector in Kenya is of
particular interest, as it combines private investment, digital technologies and development
objectives. Companies in the sector do not operate solely as traditional energy providers but
more as service providers, which raises new issues regarding value creation, risk

management and the long-term sustainability of business models.

Although PAYG Solar Home Systems have significantly improved access to electricity,
several challenges remain regarding their overall development contribution. In many cases,

these systems mainly cover basic consumption needs and not activities that can substantially
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enhance local income or entrepreneurship. In addition, the instability of incomes of many

users also affects the sustainability of the business models themselves.

For this reason, the chapter also presents an alternative business approach, Hybrid
Community Energy Hubs (HCEH). This proposal attempts to shift the emphasis from
individual energy consumption to more community and productive uses, with the aim of

strengthening local economic activity and the overall sustainability of energy solutions.

The chapter then presents the Kenyan energy sector, the development of off-grid solar
energy, the main business models currently used and an assessment of their sustainability.
At the same time, the proposed HCEH model is analyzed as a possible alternative approach

for decentralized electrification in emerging markets.

4.2 Kenya’s Energy Sector and the Role of Off-Grid Solar

First, the state of the off-grid solar industry in Kenya can be considered quite advanced and
progressive in the context of Sub-Saharan African countries. Indeed, over the last two
decades, Kenya has achieved a considerable level of progress in the development of
renewable energy, electricity access, and digital finance inclusion, which has positively
affected the development of decentralised energy solutions. Therefore, the situation in the
off-grid solar market in Kenya can be considered quite relevant for analysis from the

perspective of renewable energy technologies and business models.

The history of the off-grid solar industry in Kenya cannot be discussed without mentioning
the general picture of the energy industry in the country. Specifically, over time, there have
been quite obvious differences in electricity access for urban and rural populations, where
urban settlements had a much higher level of electricity access than the rural population
because of the high cost of extending the grid and building the necessary infrastructure
(World Bank, 2023). In addition, the low population density and the dispersed nature of the

territory contributed significantly to the problem.

As aresult of these issues, the government of Kenya increasingly started to develop policies
in favour of renewable energy and decentralisation of power supply. Energy strategies of
the state were increasingly directed at rural electrification, involvement of the private sector

and promotion of renewable energy, understanding the inefficiency of purely centralized
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approach. The above policy trends reflected the global trend towards achieving Sustainable
Development Goal 7 (SDG7) related to universal access to affordable, reliable, sustainable

and modern energy services (United Nations, 2015).

On the other hand, Kenya witnessed fast-growing development of its renewable energy
production. The country is a leading producer of geothermal energy in the region and has
been increasingly involved in investments in wind and solar energy (IRENA, 2021). Such
broad process of energy transformation contributed to the institutional environment that was
favourable to decentralized solar power systems and awareness about the importance of

renewable energy for development.

One of the important enabling conditions for the growth of the off-grid solar market in
Kenya has been the extensive use of mobile money services such as M-Pesa. Launched in
2007, M-Pesa revolutionized financial services in Kenya, introducing mobile payment
services on a broad scale. Combining mobile money and renewable energy financing laid

the groundwork for the swift development of PAYG business models (GSMA, 2022).

One of the most unique features of the Kenyan market is the link between digital finance
and energy access. Using mobile payment solutions, customers can pay in small increments
for solar energy products, which substantially alleviates the problem of purchasing
equipment upfront. Financial flexibility has been crucial in extending energy access to low-
income communities, especially those located in remote areas lacking access to traditional

banking services.

The fast proliferation of PAYG systems in Kenya has drawn a lot of international interest
from development agencies, investors and policy makers. Companies like M-KOPA, Sun
King and d.light became important players in this market, using renewable energy sources,
digital payment systems, and customer data management system in order to create
sustainable businesses. Such companies have shown that decentralized renewable energy

systems can be used not only for development purposes but also as commercial enterprises.

It 1s also interesting to note how important the private sector innovations become in the
context of renewable energy transition. Unlike in case of conventional electrification which

is mostly based on national utility companies and infrastructural projects, in the Kenyan
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solar market the private sector plays the predominant role in providing the off-grid solar

services.

Notwithstanding these achievements, however, the growth of the off-grid solar industry has
been faced with several structural challenges. The first problem that needs to be addressed
is related to affordability and repayment capacity. Although PAYG technology lowers initial
expenditures, many people in rural areas belong to vulnerable social groups who rely on
irregular incomes from agriculture or other informal means of earning money (GOGLA,

2023).

Another important challenge associated with the use of Solar Home Systems concerns the
capacity of these devices. Most of these systems used in rural Kenya do not provide enough
energy to meet demands associated with productive economic activities like refrigeration,
irrigation, or agro-processing. On the contrary, the energy capacity of such systems is
sufficient only for meeting basic household needs for lighting and electricity for phone

charging and other electronic appliances (ESMAP, 2020).

The dispersed nature of solar energy systems in households may also constrain possibilities
of achieving economies of scale and common productive infrastructure. In many societies,
energy access is often individualized, not communal, thus limiting chances of having
coordinated economic development activities and industries within the society. This
problem acquires more significance in view of the wider developmental significance of

energy systems in developing economies.

In terms of investments, Kenya has become one of the most promising renewable energy
markets in Africa for impact investors and climate finance organizations. Development
organizations and international bodies now recognize that decentralized renewable energy
systems are key in promoting sustainable development, reducing greenhouse gas emissions,
and enhancing social inclusion. Hence, significant amounts of capital have been invested in

the Kenyan off-grid energy market within the last decade.

However, the long-term sustainability of investments in the sector is contingent upon a
number of conditions such as repayment capacity, regulatory stability, and market maturity.

While the market in Kenya shows great potential in terms of growth, there are issues
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regarding profitability, client loyalty and operating expenses. In particular, companies

working in rural areas incur considerable costs associated with logistics and servicing.

Regulation is another crucial factor that influences decentralised energy systems. Kenya
demonstrates a relatively favourable regulation of renewable energy investments and the
private sector involvement when compared to other countries in the region. However, some
uncertainty remains regarding tariffs, licensing, and integration into future grid extensions.

It poses certain risks for decision-making in the context of long-term planning.

Another aspect of sustainability is the issue of environmental sustainability beyond carbon
reduction. Although decentralised solar energy systems play a positive role in clean energy
transition, the growing use of batteries and photovoltaics generates the issue of e-waste
management and recycling (IEA, 2022). As the market grows, the latter will become an

increasingly relevant concern.

However, the Kenyan case study shows both the strengths and weaknesses of decentralized
renewable energy systems in developing countries. First, Kenya shows how renewable
energy technologies, innovative financial solutions and business models can help increase
energy access and promote social inclusion. Second, the analysis highlights that despite its
benefits, energy electrification alone will not be enough to transform economies if energy

systems continue to be designed mainly for consumption.

These insights serve as a basis for the further discussion of off-grid solar business models
and their sustainability through the TBL approach. In addition, they support the notion that
alternative strategies taking into account productive use of energy and community
infrastructure might be required to maximize the developmental impact of decentralized

renewable energy systems.

4.3 Business Models in Kenya’s Off-Grid Solar Market

The development of the off-grid solar energy market in Kenya over the last decade has
become truly significant and can be considered as one of the best examples of decentralized
energy production in Africa. It has happened due to the emergence of innovative business
models focused on the combination of energy with payment systems and improved financial

solutions.
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Contrary to conventional approaches in the energy market, which are based mostly on grid
networks and infrastructure built by the state authorities, the majority of off-grid energy
solutions are provided by private companies attempting to satisfy needs in those regions that
have difficulties with connection to the national grid (GOGLA, 2023; IEA, 2022;
Tenenbaum et al., 2014).

The most common type used in Kenya is the Pay As You Go (PAYG) Solar Home System.
By using this technology, users can get electricity without making big payments at once.
Instead, they make small payments over time, making the solar systems cheaper for poor

families (GSMA, 2022; World Bank, 2023; Lighting Global, 2020).

This model has worked quite well in rural areas of the country, where incomes are often
unstable and many people work seasonally or in informal activities. Thus, the possibility of
small and more flexible payments has made it easier to access electricity for many

households that would otherwise have difficulty buying a solar system.

The development of PAY G models has also changed the way businesses themselves operate.
Companies no longer rely solely on selling equipment but more on creating an ongoing
relationship with the customer. Users pay small amounts over a long period of time, and
thus businesses gradually gain more stable revenues (Rolffs et al., 2015; Lee et al., 2016;

BNEF, 2019).

On the other hand, this means that the companies themselves also take on greater financial
risk. They have to cover the initial cost of the equipment, while also having to manage cases
of late or non-payment by customers. In many cases, the financial instability of households

also affects the viability of the business models themselves.

Several large companies are active in the Kenyan market, following different strategies
within the framework of PAY G models. One of the most well-known examples is M-KOPA.
This company is not limited to providing solar systems but also uses its customers’ payment
data to offer other products, such as smartphones and electrical appliances (GSMA, 2022;
Suri & Jack, 2016).

In this way, the company operates more as a digital services and financing platform than
just an energy provider. This strategy allows it to diversify its revenue sources and maintain

a longer-term relationship with its customers. However, it also increases its exposure to
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financial risks, especially in times of economic instability or reduced repayment capacity by

users.

Sun King focuses on last-mile distribution through extensive agent networks, prioritising
accessibility and customer trust in rural communities. This approach improves market
penetration and adoption rates but involves higher operational and logistical costs due to the
need for local presence and ongoing servicing (GOGLA, 2023; Lighting Global, 2020). In
contrast, d.light adopts a more standardised and multi-country expansion strategy,
emphasising product reliability and scalability. While this supports international growth, it

may limit responsiveness to local market conditions (BNEF, 2019).

While the discussion above highlights the strategic differences between the three leading
firms operating in the Kenyan PAYG solar market, a more systematic comparison can be
achieved through the Business Model Canvas (BMC) framework. As discussed in Chapter
3, the BMC provides a structured approach for analysing how organisations create, deliver
and capture value. Applying the framework to M-KOPA, Sun King and d.light allows for a
clearer understanding of the similarities and differences in their business models and
provides a stronger analytical basis for evaluating their sustainability and competitive
positioning. Table 1 summarises the key Business Model Canvas elements for the three
companies and provides a structured comparison of how they create, deliver and capture

value within the Kenyan off-grid solar market.

Table 1: Comparative Business Model Canvas Analysis of Leading PAYG Providers

BMC
Element

Value Affordable solar Aftfordable solar Reliable solar solutions

Proposition energy combined products through combined with consumer
with digital financial extensive rural financing
services distribution
Customer Low-income rural Rural households and | Underserved households and
Segments and peri-urban micro-enterprises small businesses
households
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Revenue PAYG repayments, Product sales and Product sales and financing
Streams financing services PAYG instalments repayments

and product sales

Cost Technology Manufacturing, Distribution, financing and
Structure deployment, distribution and customer support
customer acquisition maintenance

and logistics

Key M-Pesa, investors | NGOs, distributors and | Development organisations,
Partnerships and technology financial institutions suppliers and financiers
suppliers

The following strategic differences are notable through the analysis of the firms. First, M-
KOPA pays more attention to the usage of technology and customer’s credits in order to
become an energy supplier and a platform for financial inclusion at the same time. The
approach allows diversifying income and fostering stronger relationships with customers

beyond providing energy.

Sun King is characterized by a more distribution-based strategy with a large coverage of
rural areas through agents. The unique competitive advantage of Sun King comes from high
accessibility and scale, which allows the firm to operate among rural people without access
to conventional energy sources. Nevertheless, it should be noted that distribution networks

are associated with higher operating costs.

Unlike Sun King and M-KOPA, the approach adopted by d.light includes multi-country
development and standardization. Even though such a strategy is advantageous in promoting

international operations, it can be less flexible than others because of its standardization.

Overall, the analysis demonstrates that competitive advantage within the Kenyan PAYG
sector depends not only on solar technology but also on the strategic configuration of
financing mechanisms, partnerships, customer relationships and revenue structures.
Consequently, the Business Model Canvas framework provides a useful analytical lens for

understanding the sustainability and growth potential of off-grid solar business models.
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These variations reflect broader strategic trade-offs within the off-grid solar sector. Firms
must balance affordability, scalability and financial sustainability, often under conditions of
high uncertainty. Rapid expansion can increase market share but may also elevate credit risk
and operational complexity. Conversely, more controlled growth strategies may improve
financial stability but limit the speed of electrification impact (Tenenbaum et al., 2014;

BNEF, 2019).

The economic sustainability of PAYG programs hinges on their underlying unit economics,
which help determine if firms can make profits at affordable prices. Major cost factors for
firms include initial capital investment in solar products, installation, and operating
expenses like maintenance and customer services (ESMAP, 2020; World Bank, 2023). The
source of income is the collection of payments from customers over long durations, which

means that cash flows are sensitive to loan defaults and late payments.

Customer acquisition costs and efficient management of customer servicing are major
contributors to the firm's profit-making capacity. The cost of acquiring customers through
customer service is higher when companies have to operate in geographically distant
regions, leading to reduced profits and higher risks (World Bank, 2023; Lighting Global,
2020). However, the increasing importance of data analysis means that firms use data to
determine the creditworthiness of individuals and set appropriate prices (GSMA, 2022; Suri
& Jack, 2016).

In addition to firm-level economics, PAYG relies on an ecosystem that includes other
players, such as technology providers, mobile money operators, investors, and development
agencies. The ecosystem-based approach facilitates innovation and scalability, but it also
raises the complexity of interdependencies and systemic risks (IEA, 2022; GOGLA, 2023;
Tenenbaum et al., 2014).

While successful in ensuring electricity access, the current models have inherent limitations.
The energy capacity provided by individual SHS is generally limited, thus preventing their
use for productive purposes, like processing agricultural produce, preserving food, and
small-scale manufacturing (ESMAP, 2020; IRENA, 2021). Consequently, while improved

living standards can be achieved, economic development does not always follow.
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4.4 Sustainability, Risks and Structural Limitations

The proliferation of off-grid solar energy systems in Kenya has brought about various
economic, environmental and social benefits that have made decentralized renewable
energy solutions an integral part of any sustainable development approach in developing
economies. Nevertheless, while current PAYG models have been successful in promoting
electricity access, there still arise critical issues related to sustainability and developmental
effectiveness, which should be considered when evaluating the performance of such
systems. This analysis calls for adopting a multi-dimensional approach, accounting not only
for the results achieved in terms of electrification, but also in terms of financial viability,

environmental impact and social inclusiveness.

A good tool for measuring the sustainability of off-grid solar systems could be represented
by the triple bottom line approach which evaluates business performance from economic,
environmental and social standpoints at once (Elkington, 1997). An application of the TBL

approach demonstrates both strong sides and potential vulnerabilities of PAYG systems.

Table 2: Triple Bottom Line Assessment of PAYG Systems in Kenya
Sustainability

Strengths Limitations

Dimension

Economic Scalable PAYG model, improved Repayment risk, customer
financial inclusion, growing default, high operational and
private-sector investment servicing costs
Social Increased electricity access, Limited productive-use
improved quality of life, enhanced capacity, weak support for
communication and education entrepreneurship and income
opportunities generation
Environmental | Reduced reliance on kerosene and Battery disposal, e-waste
diesel, lower greenhouse gas management challenges,
emissions, contribution to clean recycling concerns
energy transition

In Table 2 the core strengths and weaknesses associated with PAYG solar power in relation
to sustainability have been presented within the context of the Triple Bottom Line model.

Even though this model is very effective when it comes to issues of environmental
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sustainability and energy availability, there are still some concerns in relation to the
sustainability of the systems economically and their potential impact beyond that of energy

provision alone.

In terms of its economic value, PAYGO models have proven themselves economically
scalable and attractive business models. The use of mobile money services, digital payment
technologies, and service-based earning methods has allowed companies to quickly develop
their operations in rural areas (GSMA, 2022; GOGLA, 2023). The examples of firms such
as M-KOPA and Sun King prove that renewable energy generation can become profitable

business operations under specific economic circumstances.

Nevertheless, economic sustainability in the area will be largely determined by the
repayment ability and effectiveness of the process itself. Since businesses provide customers
with the initial cost of equipment, they face credit risks in case payments from them turn
out to be late and non-existent (Rolffs et al., 2015). The problem becomes more pronounced
in poor and rural regions due to the volatility of household income in these regions, which

is often associated with seasonal economic activity.

Operational costs also pose a significant problem. Geographically dispersed population
increases operational costs in terms of transportation, installation, and maintenance.
Although there is a chance for improved operational efficiency through application of new
technology and data, long-run profitability of PAYG depends on scalability and ability to
retain customers (World Bank, 2023).

In regard to environmental benefits, off-grid solar systems make a positive contribution to
decreasing levels of greenhouse gas emissions by replacing conventional fossil fuel-based
energy sources, like kerosene and diesel power generators (IRENA, 2021). Usage of solar
power helps decrease environmental pollution in rural areas, improving air quality indoors.

This contributes to the overall achievement of global decarbonization goals.

However, sustainability of the environment does not end in the operations stage of
renewable energy technologies. Lifecycle problems regarding batteries disposal, electronics
recycling, and photovoltaic panels recycling are still not sufficiently considered in most of
today’s business models (IEA, 2022). The rising deployment rates of off-grid solar will lead

to greater significance of these sustainability issues.
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The sustainability aspect that touches upon social problems is related to questions of
inclusion and development, as well as living conditions. Indeed, off-grid solar systems were
successfully applied in solving accessibility issues of basic energy services (lighting,
communication, etc.). Furthermore, the creation of local networks resulted in employment

chances for people.

Although there are multiple advantages, the development potential of many of the currently
existing systems is hindered by their limited energy storage capacity. The vast majority of
Solar Home Systems are tailored to meet individual consumption purposes, such as lighting
and phone charging, and do not offer any productive-use options (ESMAP, 2020). As a
result, although people have better access to energy, they may not be able to use it

productively.

Limited productive-use capacity is the biggest structural flaw associated with existing off-
grid solar systems. Lack of productive use makes it harder for the population to earn more
money from having access to the energy system, thus hindering both economic development
and repayment capacity. In practice, this translates into an ongoing cycle that prevents

financial success.

Increasingly, literature highlights the importance of linking energy access to productive uses
in order to optimise developmental gains (Bhattacharyya, 2013; Sovacool, 2012). In line
with such observations, there have been other research findings showing that programs of
electrification create much more economic impact when electricity is used for productive
purposes like irrigation, refrigeration, agricultural processing, and light industrial activities
(ESMAP, 2023; Efficiency for Access Coalition, 2024). Energy for productive uses would
help foster local economic growth, enhance household earnings, and ensure the
sustainability of decentralised energy systems. Nevertheless, such goals cannot be achieved
without energy systems capable of handling higher loads and more integrated infrastructure

than standard Solar Home Systems.

Another significant drawback involves the fragmented approach to electrification initiatives.
Contemporary PAYG schemes have been tailored to meet household-level needs without

much consideration of community-level energy supply options.
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Current studies have shown that in assessing the success of energy access initiatives, there
needs to be an evaluation of the broader developmental impact of these initiatives.
According to ESMAP (2023), productive energy uses would greatly improve the efficiency
of energy access initiatives by enhancing income generation and promoting
entrepreneurship among the populace. Likewise, Efficiency for Access Coalition (2024)
asserts that productive use of energy technology helps promote sustainable decentralized
energy access because it adds to the economic value of the rural community. From the above
findings, future off-grid energy initiatives need to place more emphasis on productivity

among communities than simply increasing electricity access.

Overall, the conclusion from this analysis is that while the current PAYG systems make
notable improvements in electricity access, they have significant limitations in supporting
sustainable development. Although they score high in accessibility and environment, their
economic robustness and developmental significance prove to be inconsistent. It becomes
evident that there is a need for different ways of thinking, which would allow the
incorporation of aspects such as affordability, productive use, and value generation on the

community level.

Thus, in an attempt to respond to these concerns, the model of Hybrid Community Energy
Hubs (HCEH), presented below, offers the solution by redirecting the attention from

personal usage to infrastructure development and energy utilization.
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4.5 Hybrid Community Energy Hubs (HCEH) — Proposed Business Model

An assessment of current off-grid solar power business models indicates that while there is
a certain success in ensuring access to energy sources among poor households, their role in
economic development is quite limited. Pay-As-You-Go Solar Home Systems represent a
good example of successful expansion of access to energy among the poor but, nonetheless,
fail to contribute to the development of economies or productive use of energy. Therefore,
taking into account such shortcomings, this paper suggests adopting the Hybrid Community

Energy Hubs (HCEH) business model.

Unlike the Solar Home System, the Hybrid Community Energy Hub approach is focused on
establishing a decentralised renewable energy infrastructure for the use of communities for
the purposes of economic development and productive energy use. More specifically, in
contrast to Solar Home Systems that provide energy for single households, HCEHs involve
decentralised energy hubs that are capable of providing energy to multiple users. The energy
generation and provision system includes the use of solar photovoltaics, batteries, and

energy distribution systems.

An important aspect of the HCEH model lies in productive utilization of energy (PUE).
Prior research underscores the need for making sure that efforts for electrification are linked
with activities that generate income in order to achieve optimal development impact
(ESMAP, 2020; Bhattacharyya, 2013). In this sense, the design of HCEHs not only takes
into account the need for lighting and general access to electricity but also the need for
supporting activities such as refrigeration, irrigation, agricultural processing, battery

recharging, internet access and light industrialization.

From an operational standpoint, the HCEH model stands out for its divergence from the
existing household-based models. The former differs significantly by having centralized
energy generation and storage capacity and distribution of this capacity among various users
through localized micro-grids. While this strategy may be better in terms of efficiency, it
may reduce redundancy in terms of equipment purchases and maintenance needs. Moreover,
concentrating energy demand in community-based centers may prove to be more

manageable from the standpoint of energy consumption and scheduling.

The physical components of an HCEH could include several interconnected elements. These

may be a central solar PV array, battery storage facilities, intelligent metering systems, and
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productive use areas. Productive use areas may involve agricultural co-operatives, food

storage facilities, water pumps, e-learning facilities, or even micro-manufacturing units. In

rural settings where productive economic activities are spread out, along with a lack of large-

scale energy infrastructure, the clustering of economic activities around energy hubs might

create economic ecosystems that provide job creation and entrepreneurial opportunities.

The Hybrid Community Energy Hub concept could become clearer when juxtaposed with

other forms of decentralised energy electrification models. While Solar Home Systems and

mini-grids constitute the current frontrunners in developing countries, HCEHs seek to

incorporate the flexibility and scalability of PAYG systems into productive use and shared

infrastructure features of community energy systems. Table 3 offers a comparison of all

three models in terms of certain operational and strategic considerations.

Criterion

Solar Home
Systems
(SHS)

Table 3: Comparative Assessment of Decentralised Energy Models

Mini-Grids

Hybrid Community

Energy Hubs (HCEH)

Primary scale Individual Community/village Community cluster
household
Typical energy capacity Low Medium-High Medium—High
Main energy use Basic Household + Household + productive use
household productive use
consumption
Productive-use support Limited Moderate High
Infrastructure Low High Medium
complexity
Initial investment cost Low High Medium—High
Scalability High Moderate High
Operational flexibility High Moderate High
Revenue structure Household | Tariffs/community | Diversified revenue streams
repayments payments
Dependence on customer High Moderate Lower
repayment
Community integration Low Moderate High
Postgraduate Dissertation 42




“Anastasia Pavlopoulou”, “Business Models for Renewable

m SEEIFJENIC Energy in Emerging Markets: A Case Study of Off-Grid Solar
UNIVERSITY Solutions in Kenya”

Digital integration High Moderate High

Potential for local Limited Moderate High

economic development

Regulatory complexity Low High Moderate
Long-term sustainability Moderate High High
potential

According to Table 3 below, HCEH is strategically positioned in-between the Solar Home
System and Mini-Grids as far as its use cases go. For example, HCEHs are capable of
offering higher productivity uses, better community integration, and diversified revenues
compared to Solar Home Systems. On the other hand, they may be cheaper to build and
regulate compared to the mini-grids. This makes their position even more appealing for
scaling and development purposes in semi-rural settings where there is need to cluster
energy demands due to the lack of economic viability of central infrastructure.

The feasibility of this method is further backed up by practical examples from previous
community-based renewable energy projects in developing countries. Mini-grids in Kenya,
Tanzania and Rwanda designed for productive uses have shown that financial sustainability
of renewable energy projects can be improved if the connection to productive economic
activity such as irrigation, refrigeration and agricultural processing occurs (ESMAP, 2023).
Moreover, the Efficiency for Access Coalition (2024) argues that productive energy
technology usage can not only improve incomes but also result in better repayment and
overall development outcomes in rural areas as a consequence of electrification programs.
Even though the HCEH concept suggested by this dissertation is still at the conceptual stage,

the above-mentioned examples are good support for the feasibility of the idea.

Table 4: Indicative HCEH Pilot Scenario

Parameter Indicative Value
Households served 100
Solar PV capacity 50 kW
Battery storage 200 kWh
Productive-use facilities Irrigation, refrigeration, agro-processing
Estimated beneficiaries 500-700 people
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Management model Community cooperative + private operator

Payment system PAYG + community contribution

This hypothetical scenario in Table 4 serves merely to illustrate the practicality of the HCEH
idea, which would be defined by various factors, including local demands, local solar
conditions, and local financing schemes. However, the point is made about how a hub for

renewable energy could fulfill both domestic and productive needs in a community context.

As far as business models go, HCEHs integrate characteristics of microgrids, PAYG
financing, and platform service delivery. This means that customers can pay for energy
services in much the same way as with the help of traditional PAYG services; thus making
the use of HCEH electricity affordable and accessible for poor people. However, the main

difference is that HCEH infrastructure costs are shared among several users.

This new approach is further strengthened by the introduction of diversified sources of
revenues which constitute an essential strength regarding the robustness of finances. Apart
from the payment of electricity within households, HCEHs could earn money through
productive services provided by the HCEH, leasing of equipment and community-based
commercial transactions. These could include refrigeration services for farm produce, rental
of mobile power units, subscription for internet services or productive equipment leases.
This would help reduce dependency on one particular source of income and mitigate risk

associated with default or irregularity of incomes.

The financing approach for the establishment of HCEHs could be distinct from the
traditional pay-as-you-go model. Where the financing of Solar Home Systems relies solely
on the customers' ability to make repayments, community-based hub financing would allow
more diversified and flexible financing schemes, involving both private and developmental
finance sectors. Development banks, impact investors and climate-related financing
institutions could provide essential support in meeting the greater financial needs for HCEH

construction.

Another significant feature of the HCEH approach is its hybrid system of governance. The
conventional off-grid solar systems are mostly characterised by a private sector arrangement
based on the customer/provider relationship. Meanwhile, HCEHs are expected to be multi-

stakeholder solutions where private companies, local communities, NGOs, and sometimes
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governments cooperate with each other. This can lead to higher accountability, social

acceptability, and access to funding.

Digital technologies remain important for the functioning of the HCEH system. Digital
payment, monitoring systems and big data are useful tools that can help collect payments,
manage energy usage, and engage with customers, just as PAYG models do (GSMA, 2022).
In addition, the HCEH model relies on using digital solutions to optimise energy distribution
and coordinate activities at the community level. Furthermore, smart metering systems will
help to create more sophisticated pricing mechanisms based on energy consumption levels

and productive uses, as well as peak hours of demand.

The Hybrid Community Energy Hubs proposal involves incorporating renewable energy
systems, digital finance platforms, and productive use of energy in one common
community-based system. This is different from the traditional household-based approach
since the HCEH proposal aims to achieve economic development alongside providing

energy access. Figure 4.3 shows the design of the proposed system.

MOBILE MONEY &
DIGITAL PLATFORMS
* PAYG payments
« Customer management

« Low operating cost * Load management « Data and analytics

| ¢ —

_‘6’_ SOLAR PV SYSTEMS = BATTERY STORAGE
a * Renewable energy generation + * Energy storage
* Modular and scalable -—  Reliability and backup

(i L)
BASIC HOUSEHOLD PRODUCTIVE USE
SERVICES HYBRID COMMUNITY APPLICATIONS
v — ENERGY HUB (HCEH) " P—
Q Lighting Y Refrigeration
| E +» Shared Renewable Infrastructure ‘O; Irrigation
Pions Charging + Community Energy Distribution @ Agro-processing
/ﬁ\ Household Electricity m » PAYG Financing ‘}4 Workshops & Small Industries
* Smart Energy Management 5—% EV / Mobile Charging
? Internet Access
L J [; Digital Services

Do

SUSTAINABLE DEVELOPMENT OUTCOMES

Local Economic Employment Social Energy Reduced Community
Growth Creation Inclusion i Access i Emissions i Resilience

Figure 4: Conceptual Framework of the Hybrid Community Energy Hubs (HCEH) Model
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As can be seen from Figure 4, the framework of HCEH integrates decentralized energy
infrastructure with productive uses and digital finance solutions. In other words, this
approach intends to take consumption-based electrification to a higher level by ensuring that
energy generation is coupled with economic and infrastructural development in the locality.

It is by virtue of this structure that HCEHs can achieve sustainability in both economic,

social and environmental terms at once.

Table 5: Proposed Key Performance Indicators for HCEH Projects

Sustainability Dimension

Economic PAY G repayment rate (%)
Economic Revenue generated from productive-use activities
Economic Number of jobs created
Social Households electrified
Social Schools and clinics connected
Social Community participation rate
Environmental CO: emissions avoided
Environmental Diesel fuel displaced
Environmental Share of renewable energy (%)

The proposed KPIs create a platform where any future pilots can measure the success of the
HCEH approach. In line with the Triple Bottom Line concept, the indicators have been
developed to consider economic, social, and environmental aspects and hence create a
holistic measurement of sustainability impacts. Moreover, such indicators will enable
stakeholders to judge the success of HCEH projects from a development and profitability

perspective.

It must be pointed out here that HCEHs represent a middle ground between SHS systems
and mini-grids. As compared to SHS, HCEHs have more capacity for energy generation as
well as developmental potential, whereas when compared to mini-grids, HCEHs avoid some

of the costly and complex aspects of mini-grid infrastructure (Tenenbaum et al., 2014).
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Such an intermediary position could prove to be very beneficial in new energy markets. In
light of the fact that rural economies will continue becoming more digital and networked,
there is likely to be a high demand for reliable electricity and productive use applications.
As such, HCEHs can act as models that facilitate future economic growth while retaining

the benefits of being decentralized, such as off-grid power systems.

As far as sustainability is concerned, HCEH projects have been designed to overcome the
shortcomings associated with the Triple Bottom Line approach. Financial sustainability can
be improved by diversifying income and including productive use applications. Social
sustainability will be fostered through promoting community involvement and infrastructure
sharing. Lastly, environmental sustainability will retain the carbon-neutral features of

renewable energy projects.

However, there are several challenges associated with the deployment of HCEHs as well.
For instance, initial capital costs for setting up HCEHs are expected to be higher than SHS.
It would require blending of financing instruments for investment into these facilities.
Effective governance and community involvement will also be critical in implementing

HCEHs.

Additionally, technical management skills may be among the potential bottlenecks in some
cases. As opposed to the installation of SHS in households, community energy systems need
better coordination of operations, especially in cases where infrastructure used for

productive purposes needs to be established.

Lack of regulatory clarity might represent another challenge worth considering. In many
developing countries, the regulatory framework concerning decentralised energy systems
has not yet been fully established, especially when it comes to issues related to licenses,
tariffs, and ownership models. Therefore, the future scalability potential of HCEHs might

be contingent upon the institutional context and policy environment.

Nonetheless, the discussed model fits well into the paradigm of innovation in sustainable
business models, according to which businesses should consider creating value in non-
financial terms (Bocken et al., 2014). Unlike PAYG systems, whose focus is primarily on
providing electricity access to communities, HCEHs strive to combine energy delivery with

other development goals, such as economic viability and increased productivity.
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To conclude, the HCEHs model can be viewed as one more attempt to transcend the
prevailing consumption-oriented electrification trend toward a more holistic view of the
development-oriented decentralised energy systems. In addition to the limitations that exist
in current PAYG models, HCEHs can contribute to achieving sustainability in economic,

environmental, and social spheres alike.

4.6 Discussion and Strategic Implications

The analysis conducted in this chapter underscores not only the revolutionary promise but
also the structural constraints facing current business models for off-grid solar power
provision in developing countries. Through the focus on the case of Kenya, the research
identifies significant successes and shortcomings with regard to the contribution of
decentralised renewables — notably the Pay-As-You-Go Solar Home Systems — to increased
energy access for underprivileged communities. Notably, one of the major weaknesses of
the current arrangements relates to long-term economic sustainability and productive uses

of energy.

One of the key conclusions of this chapter can be stated as follows. The rapid adoption of
off-grid solar power systems in Kenya cannot be attributed entirely to the development of
innovative technologies. Rather, the proliferation of the sector has been facilitated through
the combination of renewable technologies, digital finance solutions and adaptive business
models. Mobile money platforms coupled with PAYG finance have increased access and
affordability of technology for disadvantaged population groups who were traditionally
excluded from regular financial and energy infrastructures (GSMA, 2022; GOGLA, 2023).
Such results are in line with the discussion of the business models in Chapter 2 (Teece, 2010;

Zottetal.,, 2011).

Therefore, the results support the hypothesis that energy transitions in developing countries
are not only technological phenomena but rather socio-economic changes that include the
process of financing, governance, entrepreneurship, and institution building. The interaction
between innovation in the private sector, digital technologies and favourable market
environment resulted in the creation of a suitable environment for large-scale introduction

of renewable sources of energy in Kenya.
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At the same time, the findings indicate that energy access does not necessarily result in
economic development. The current Solar Home Systems provide their users with energy
mostly for domestic purposes like lighting and communication. Although access to such
energy can help to improve living conditions, it is incapable of ensuring sustainable
economic activities from which households or communities can generate income (ESMAP,
2020). More recent studies similarly emphasise that electrification programmes achieve
significantly greater developmental impact when electricity is linked to productive-use
applications such as irrigation, refrigeration, agro-processing and small-scale enterprise
development (ESMAP, 2023; Efficiency for Access Coalition, 2024). Therefore, the
concept of energy access versus productive energy access has become one of the major

issues highlighted by this research.

Based on the application of the TBL concept within the framework of sustainability, there
exists an imbalance with respect to the economic, environmental, and social considerations.
The existing PAYG approaches have proven to be effective concerning their contribution to
environmental sustainability due to lower reliance on fossil fuel and higher accessibility to
clean energy sources. In addition, they have been making positive contributions to social
sustainability through higher electrification in areas without adequate infrastructure.
Nonetheless, their contributions towards economic sustainability are less apparent,

especially regarding the risks related to the cost of operation and production.

It can thus be concluded that the current approaches are focused mainly on consumption as
opposed to development. This particular conclusion is significant for the case of developing
countries, which need energy solutions that will help in achieving the development goals in

addition to providing electricity (Pachauri & Rao, 2013; Sovacool, 2012).

Yet another problem is that of fragmented electrification efforts. The household-based Solar
Home Systems have proven to be highly effective in boosting access quickly; nevertheless,
its fragmented form may undermine possibilities of achieving economies of scale, sharing
infrastructure, and coordinating productive efforts. In other words, although electrification
rates can improve substantially, the process of local economic transformation will not
necessarily follow unless the energy system itself is linked with productive-use

infrastructure and development efforts.
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As asolution to the problems discussed above, the hybrid Community Energy Hubs (HCEH)
concept provides a potential alternative strategy for combining decentralized energy supply
with productive economic activities. In contrast to traditional Solar Home Systems, which
tend to emphasize household consumption, the HCEH approach seeks to address

community-level infrastructure and productive uses of energy.

The proposed HCEH model has several strategic implications for the renewable energy
industry. Firstly, it underscores the need for revenue diversification and productive uses to
enhance financial viability. Renewable energy companies will be able to earn more money
by engaging in commercial services and productive use applications rather than solely
relying on revenue generated from repayment of household loans. Secondly, this business
model underscores the significance of community-level infrastructures that could lead to
better economies of scale and efficiency compared to household-level infrastructure. For
example, shared storage facilities, productive use applications, and localized distribution

networks would lead to higher energy utilization.

Thirdly, this model reflects the current trend of value creation in the context of sustainable
development where organizations aim to achieve sustainable development in economic,
environmental, and societal contexts concurrently (Bocken et al., 2014). In this case,
renewable energy firms will not only engage in providing electricity but will offer

development services including energy and digital services at the same time.

According to recent studies, the performance of decentralised renewable energy initiatives
over the long term must not be judged on the basis of their rate of electrification but also on
their contribution to local economic development. According to ESMAP (2023), productive
energy uses have significant potential to raise the developmental gains from rural
electrification through promoting entrepreneurship, generating incomes and creating local
value. Likewise, as highlighted by Efficiency for Access (2024), productive energy use
leads to enhanced financial viability of decentralised energy initiatives because of greater
economic activity created in rural areas. This provides justification for the adoption of the

HCEH approach, since it aims at linking energy access with economic development.

The results also raise a number of important considerations for policymakers and

development agencies. Traditional electrification efforts frequently focus on achieving high
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connection rates as an overriding policy goal. On the other hand, the results indicate that
future energy policies will increasingly need to address the quality and development impact
of energy access through its capacity to enable productive energy use. Such policy
approaches will require enabling policy environments that stimulate productive energy

applications and innovative funding instruments and partnerships.

Regulatory considerations suggest that governments will have to be able to design more
flexible frameworks that can accommodate innovative hybrid forms of decentralised
systems — combining aspects of solar home systems, mini-grids, and community-level
infrastructures. In many developing countries, regulatory frameworks tend to be geared
either towards national grid extension or individual household installations, offering little

space for alternative systems like the HCEH system.

From an investment point of view, there are several implications related to the growth of
sustainable finance and impact investments. With the growing popularity of environment
and social governance (ESG)-oriented investment strategies in international development,
projects with clear environmental and social benefits will gain more attention from impact

investors and other types of finance institutions.

Meanwhile, the move towards an integrated system at the level of communities might need
to be accompanied by new financing mechanisms that can account for long-term
investments and high initial infrastructure costs. In this context, blended financing strategies
that involve state funding, concessional lending, and private investments could become

essential in scaling up such models.

The third implication relates to the potential impact of digitalization on the decentralized
energy transition. As illustrated by the Kenyan case study, the use of digital finance
infrastructure, especially mobile money networks, can completely transform the economics
of renewable energy deployment. Decentralized energy systems in the future could be even
more dependent on digital infrastructure, which includes smart meters, analytics tools,

online platforms, and energy management systems enhanced by artificial intelligence.

The comparative success of Kenya compared to other emerging economies is another
significant source of strategic lessons. In addition to having favorable conditions for solar

power generation, the growth of decentralized solar systems in Kenya was made possible
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by the high level of mobile money adoption, entrepreneurship, regulatory adaptability, and
private sector involvement. This indicates that, apart from the feasibility of the systems,

scalability would depend significantly on the broader ecosystem and readiness.

The suggested hybrid community energy hub model will have more strategic considerations
for various stakeholder groups involved in the renewable energy ecosystem than traditional
household-based power systems. In contrast to traditional household electricity supply
systems, HCEH models combine energy delivery, productive infrastructure, information
technology, and economic development at the community level. The strategic lessons

derived from the suggested model are listed in Table 6 below.

Table 6: Strategic Implications of the HCEH Model

Stakeholder

Strategic Implications of HCEH

Renewable energy firms

Diversification of revenue streams and expansion
toward productive-use energy services

Governments and
policymakers

Support for rural development, decentralised
electrification and energy inclusion

Local communities

Improved access to productive infrastructure and
economic opportunities

Development organisations

Stronger alignment with sustainable development and
poverty-reduction objectives

Investors and financial
institutions

Opportunities for ESG-oriented and impact investment
strategies

Agricultural and small-
business sectors

Increased access to reliable electricity for productive
activities

Digital service providers

Expansion of digital infrastructure and mobile-based
service ecosystems

Energy sector regulators

Need for adaptive regulatory frameworks supporting
hybrid decentralised systems

As illustrated in Table 6, the HCEH framework extends beyond traditional electrification
objectives by creating linkages between renewable energy systems, economic productivity
and community development. This multidimensional structure may increase the strategic
relevance of decentralised energy systems for governments, investors and development

institutions seeking integrated sustainability solutions.

The HCEH model also aligns closely with several Sustainable Development Goals (SDGs)
established under the United Nations 2030 Agenda for Sustainable Development. Most

directly, the model contributes to SDG7, which focuses on access to affordable, reliable and

Postgraduate Dissertation 52



HELLENIC “Anastasia Pavlopoulou”, “Business Models for Renewable
OPEN Energy in Emerging Markets: A Case Study of Off-Grid Solar
UNIVERSITY Solutions in Kenya”

sustainable energy. However, its emphasis on productive-use applications and community-
level economic activity also supports SDGS8 relating to decent work and economic growth,
SDGY concerning resilient infrastructure and innovation, and SDG13 associated with
climate action and emissions reduction. This broader alignment demonstrates that
decentralised renewable energy systems may contribute not only to electrification targets

but also to wider socio-economic development objectives.

All things considered, it is evident that even though current off-grid solar business models
have been quite successful in terms of providing greater access to energy, their effectiveness
as tools of development is limited due to inherent structural flaws concerning productive
uses and sustainability. HCEH is one example of how to mitigate some of the disadvantages
through the application of a combination of shared infrastructure, financing and productive

use of energy within a community context.

As such, the results obtained in this chapter further corroborate the need for an integrative
approach to sustainable energy transition in developing countries, as both technological
innovation and appropriate business models play a crucial role in facilitating the process.
As stated earlier, renewable energy technology projects should not merely be viewed as
infrastructure projects, but rather, as socio-economic transformation instruments as well. It

is upon this that the concluding chapter of the thesis will be built.
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5. Conclusions and Recommendations

5.1 Introduction

This chapter highlights the key conclusions that emerge from the study and discusses its
implications at a more general level. The study has been conducted to analyse how business
models based on off-grid solar technology help accelerate renewable energy transitions in
emerging economies. In particular, there is a focus on the relation between decentralised
renewable energy, digital finance, and innovations in sustainable business models.
Furthermore, the proposed Hybrid Community Energy Hubs (HCEH) business model
framework, which aims at addressing certain shortcomings of the existing PAYG solar

business models, will be presented as an illustrative example.

The sections below discuss the main results of the study and highlight their implications
both theoretically and practically. Additionally, the limitations of the study are presented

along with suggestions for future research directions.

5.2 Summary of Main Findings

The results found in this dissertation show the increased importance of decentralised
renewable energy systems in the energy transition processes globally, especially in places
where the expansion of traditional power grids faces economic and geographical obstacles.
The research showed that off-grid solar energy and alternative payment methods contribute
greatly to increasing the accessibility of electricity to underprivileged people and helping

achieve sustainability goals at the same time.

The example of Kenya reveals that the convergence of renewable energy systems and digital
finance creates a high potential for scaling energy access solutions. Thanks to the
development of mobile money systems like M-Pesa, energy companies could provide new
PAYG financing mechanisms for low-income users, making it easier for them to buy energy

devices and pay for them on a monthly basis.

On the other hand, this research was able to identify some of the limitations of the currently
prevalent business models for PAYG systems. While the Solar Home System technology is
proven successful in increasing access to electricity, their developmental effects are

typically limited due to low productivity usage and household infrastructure fragmentation.
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In many cases, access to electricity helps improve quality of life and social inclusion without
contributing significantly to local economic development. Recent literature increasingly
emphasises that electrification programmes generate greater developmental benefits when
electricity is linked to productive-use applications such as irrigation, refrigeration, agro-
processing and small-scale enterprise development (ESMAP, 2023; Efficiency for Access
Coalition, 2024).

It has been noted that sustainability in decentralized renewable energy projects should not
be solely assessed through an environmental lens. Utilizing the Triple Bottom Line approach
revealed the necessity to consider the balance between the environmental benefits and the
financial and social aspects of these ventures. Existing off-grid solar energy systems show
outstanding performance regarding emissions and sustainable energy production; however,

economic sustainability poses some challenges in many emerging markets.

Another key discovery regards the growing importance of business model innovation in
renewable energy transitions. According to the research, the successful functioning of
decentralised renewable energy systems depends not only on technological efficiency but
also on the ability of businesses and organisations to develop adaptive models of operation,
finance and governance. From this perspective, the development of PAYG is a good
example of how digitalisation transforms the provision of energy and enhances market

accessibility.

In this connection, the dissertation advanced the concept of Hybrid Community Energy
Hubs (HCEH). This new model attempts to integrate decentralised renewable energy
systems with productive uses and related economic activity. In contrast to conventional
household-centric approaches to electrification, the suggested HCEH concept is primarily
concerned with the combination of access to energy sources and economic opportunities for
communities. Although the model remains conceptual, the analysis suggests that combining
community-level infrastructure, productive-use energy applications and diversified revenue
streams could address several of the structural limitations identified in existing PAYG
systems. Furthermore, comparable productive-use energy initiatives implemented in East

Africa provide indirect evidence supporting the potential feasibility of such an approach.
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Furthermore, the proposed HCEH concept is in line with other recent developments in the
sphere of sustainable business model innovation. In such a way, there is a growing trend
towards creating business models that provide value not just from an economic perspective,

but also through environmental and social aspects.

5.3 Theoretical and Practical Implications

This study’s findings have contributed to the expanding body of literature on decentralized
renewable energy systems and innovative sustainable business models. Theoretically, the
dissertation supports the idea that renewable energy transitions should not only be
considered from the technological perspective, but rather be understood as socio-economic

transitions involving finance, governance, infrastructure and institution changes.

The dissertation makes contributions to debates around sustainable business models for
emerging economies. While most of the literature focuses on the issue of electrification
levels and technologies, this dissertation underscores the importance of productive use and
local development implications. Against this backdrop, the developed HCEH framework
provides an extension of the current PAYG models by considering a closer link between
electrification and local economic growth as well as integrated infrastructure systems. This
finding is consistent with recent research emphasising the importance of productive-use
energy applications and community-based approaches in enhancing the developmental
impact of decentralised renewable energy systems (ESMAP, 2023; Efficiency for Access
Coalition, 2024).

Finally, the dissertation shows that digitalization is becoming an increasingly important
element of renewable energy systems. As the Kenyan case suggests, the introduction of
mobile money services enables greater affordability and scalability of renewable energy
businesses and improved access for customers in poor communities. Digitalization can thus

become one of the characteristics of the future decentralized energy systems.

In practice, there are several implications of the findings for renewable energy firms, policy
makers, development organizations, and investors. Companies need to recognize that in
order to achieve sustainability they have to think about applications of their product beyond
household electricity generation. Using their solutions in combination with productive use

and infrastructure development can prove more beneficial for development and economy.
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Secondly, policies of national governments should be oriented not only on increasing the
percentage of connections but on improving the quality of access to energy. It will enable
productive uses of energy access, blended finance, and decentralized infrastructure to help

in increasing sustainability of renewable energy.

Thirdly, organizations working in the sphere of development and finance should consider
several aspects of sustainability during the evaluation of their projects. In the future, they
cannot just look at the success of electrification processes but also at economic development,

creation of jobs, and resilience.

Lastly, the concept of HCEH is relevant to development practice since renewable energy
systems are more and more perceived as sustainable development tools. They do not only
provide solutions for the environmental issues but also serve socio-economic needs defined

by the UN organization.

5.4 Limitations of the Study

While the dissertation offers many strengths, there are also certain limitations to consider.
Firstly, the research is predominantly qualitative, relying on secondary data sources as well.
While secondary data allows for broad consideration of Kenya’s off-grid solar industry, it
does not allow for practical assessment of the actual processes and experiences within this

industry.

Secondly, this research concentrates exclusively on Kenya as a one-country case study.
Kenya stands among one of the most advanced off-grid solar markets worldwide thanks to
a highly advanced system of mobile money and established systems of renewable energy.
Thus, certain findings cannot necessarily be applied to any other emerging markets with

differing institutional, economic, or legislative characteristics.

One additional limitation concerns the Hybrid Community Energy Hubs (HCEH) concept
proposed in this dissertation. Although the model was developed through literature review,
comparative analysis and theoretical reasoning, it remains conceptual in nature and has not
been tested through pilot implementation or empirical evaluation. While indicative

feasibility scenarios and performance indicators were proposed, future research will be
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required to validate the operational, financial and developmental performance of the model

in real-world conditions.

Furthermore, no techno-economic modelling and engineering studies related to
decentralised renewable energy systems were carried out. Rather, the main emphasis of the
dissertation was laid on the discussion of business models and their implications for

sustainability.

Finally, due to the fast-paced changes and rapid development of renewable energy
technologies, financing instruments and global energy policies, some results and
conclusions drawn might need to be revised in the future, since market conditions can

continue to evolve further.

5.5 Recommendations for Future Research

The research outcomes from this dissertation open up a number of possibilities for future
academic investigation. One particularly promising avenue for future research involves the
empirical testing of Hybrid Community Energy Hubs (HCEH) through pilot projects in
developing-country settings. Future studies could evaluate the model using key performance
indicators relating to economic viability, productive-use outcomes, social inclusion and
environmental sustainability. Such research would provide valuable evidence regarding the
practicality, scalability and long-term sustainability of community-based renewable energy

systems.

The next possible avenue for further research pertains to the issue of viability and investment
necessary for deploying community-based renewable energy in developing countries. By
investigating various financing and organisational arrangements, scholars can derive useful

information on ensuring sustained implementation at a large scale.

It is also important for scholars to investigate productive uses in decentralised energy
systems. In turn, scholars may conduct further studies exploring the linkages between

renewable energy deployment, entrepreneurship and development in the rural economy.

Another area where digitalization might be examined in relation to decentralization of
energy markets is its significance in the operations of off-grid energy systems. In this sense,

future research can be conducted in regard to how smart metering, digitalization, artificial
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intelligence and data analysis affect operational efficiency, consumer behavior and

economic sustainability of off-grid energy systems.

Cross-country comparative research will also help gain knowledge about the impact of
institutional and regulatory environment as well as the level of digitalization of a country
on the adoption of renewable energy sources. Although Kenya serves as a good example in

this context, other studies involving emerging countries will enable greater generalization.

Lastly, quantitative research methodology and simulation modeling can be used to assess

the operational feasibility and scalability of community-based energy systems.

5.6 Final Remarks

Sustainable energy transitions are amongst the most profound changes seen during the
modern era in relation to economy, environment, and technology. In this regard, renewable
energy systems have proven to be highly valuable tools used to improve energy access in

developing economies and further contribute to sustainable development initiatives.

As shown by the experience in Kenya, new business models combined with digital finance
and innovations in renewable energy technology are able to produce scalable solutions for
electrification of underserved communities. At the same time, it is clear from the analysis
conducted in this dissertation that the long-term effectiveness of decentralized renewable
energy systems cannot be assessed without considering their contribution to productivity

and development.

As can be observed from the design of the hybrid community energy hubs discussed here,
it constitutes a shift away from consumption-driven electrification towards an approach
which is much more holistic in nature and aims to promote sustainable development.
Through the use of renewable energy technologies, productive uses of energy, and
infrastructures for energy services, the approach attempts to address issues of sustainability

on a multi-dimensional basis.

Overall, this dissertation highlights the importance of viewing renewable energy systems
not merely as infrastructure projects, but as instruments capable of supporting broader socio-

economic transformation.
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Considering that the renewable energy transition is likely to accelerate globally in the

coming years, factors such as sustainability, digitalization and development are expected to

become increasingly important.
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